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INITIALS USED IN VOLUME XIV. TO IDENTIFY INDIVIDUAL
CONTRIBUTORS,! WITH THE HEADINGS OF THE
‘ARTICLES IN THIS VOLUME SO SIGNED.
i~

' Anouolmou 1833-1804).

ly Prol
Au!bwof essor ol hnnmle“"ta:e Tatituto dl studl superiori et nm{!muuum (in part).

J

P

"+ Aucustr Boumrmon. D.D,D Inde ram
P e-cé';‘l tm-c.m:l'le Law at the Cuholxc Univenity of Paris, Homorary Cllﬂ d{ ug:,:‘gm[n‘.mm ¥y
Axrrur Exngst Cowx.“. M.A, LT, D ", { Ibn'Gabirol;
Sub-Libraria of the Bodleias | bnry, Oxlord. Fellow of Mn(dnlenColha. O Insoriptions;  Semitic. "
Crarrrs Lewis GormeiLr M.A.,, M.D,, Pn.D, F.R. P
Keeper of Zool a] Department, Brlmh useum, I 51'5;1895 aold edallm. . . oy
1878. Author of Calalogues of Col Salientia, 4 Iohtbyology- (in porf).
Fishes im the Brivsh llmm-. Raptiles of h India; Fishes of Zansidar;
Reports on the ** Challenper ** Fishes; &c,
Rev. ALraep Exnest Gnm,MA D.D. ‘1)
Pnnup-ldNe'Cdleﬁ petead.  Member of the Board of Theology and the | Immortality;
so-d of Philosophy, London Unlmdty Author of Siudies in the saner Life | Inspiration.
Josus;

ARRL vassm Eowarp Houcr Love, M.A, D.Sc, F.RS.

A.F.C

A.G.

A, Ge.
A. Go.*
A.G. G

A.BS

AN C.
AN
A. B,

A.8. Wo.

A.W.H*

A.W.Do,

AW.R

leian essor_of Natural Phllo-oph in the Univensity of Oxford Hon. p '
Fellow of veen s College, Oxford; !ormerlnyellwdSt JobntlyCollq-, Cambridge. {w Caloulus, .::
Secretary to the Landon Mathema tical Soclety.

ALEXANDER Fnucu CrausertaN, AM,, Pa.D.
t Prolessor of Anthropologyéoghrk University, Wi

t
; husetts, KX
" m of Amesican Antmdulan ety; Hon. Membe imzduu Folk- lon{ ’ North
Author of The Chsld and Childhood in Folk .

Major Am Grorce Freoerick Grormras (d. ). :
Identification,
HM. s e dm 81896, Author c(ooaht'hw&laolﬂnm{

St Arcursaw Gerxre, LL.D. Hutton, James
. See the diographical mwle. Guxxt. S A, i {
Rev. Auxmn Gonno N, ’
Lecturer on C Hmylu!hUnlvuityde {M

Stz Arrr Ga MA
Puw pzrdnct GREENHILL,

, F.R
ormerl: essor of Mathematlcl In tho Ordnanee Coll Woolwidv. Autbar Hydromechanies.
of Dilmg and Integral Ci ?; ; Notes on

Dynamics; N
Sm A BomuScmunx.u CILE, ' .

Geseral in emn Army.  Author of Easiers Pm- Irok {m (o part).
Acves

See the mphnhmde. Cuxaxs, A. M. {nw-'m -
Arrzeo Newron, F.R.S, - -

. Ses the biographical article, NI"OI, ‘ALYRED. {’“‘; Toterus,
Arszzenr SocaN, Pr.D. (1844 .7

. dSe i Irak~-Aradi

Formerly Wﬂi Gm:::“ nono.y in the Universities.of Lefpsig and num{ (in port).
AzrTHUR SMTIR WoODWARD, LL.D,, F RS. Ichthyosaurus; .

Kec r of Gm,sﬂ&:‘l::m History Museum, South Kenington. Secretary d{mm -

Axml ;x.unl Horranp.

Scholar of St John's College, Oxford. Bacon Scholar of Gray's Inn, hnmlllllt of GU'IIIIII
Ax.nzp Woatan Porraso, M.A.
Assistant Keeper of Printed Books, Bntuh Muneum Fellov of ng. College {

London. Hon. Secretary Bibliograj 0{;-Ah Soclety.
}nd Bsbiugnplma ]omt-edltor The Libr

or of Bea Iacwmaduls. s
ar Coiel Eeutor of the ™ Glaba”

ArLzxaNDER Wooo Renron, M.A, LL.B. m 0&
Puisne Judge of the Supreme Coun of Ceylon. Editor of Encyclopaedia of the | 1, A
m:f&m nsanity: Low.

1A complete list, showing all individual contrib pp in the final vol
v
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C.G.

C.H.Ha,..

C.LL N

C.R.B.

oK

GTL.

C. We.
D.B. Ma.

D.G. H.

D. H.
D.ET.
D.8. M.

RAM

E. Br.

E. Bra.
E.C.B.

‘

B.C.Q.

| B8

R F.8.D.

E.G.
E. HO,

E.H B.

EHM

EHP

INITIALS AND HEADINGS OF ARTICLES

Frmerl e of rones College, Oxford. Captain, 1ut Cit aundon(noyu{m"
, 18t Cif
wailiers Aﬂam r‘fc"ﬁwmm and Cold Harbows. Italian Wars.
Cownt. anu:s o
Fogmerly Inspector of Mxhury Educanon in India, | ., Cy {m' C”m
Caktron Honticy Haves, AM., " - '
gut::nm Professor of Hntory at quumbh Uqu'uty Nev York City u.mber{ lﬂlﬂﬂ,t v, VIL

Couwu Lu.ow MQRGAN, L!;lD 3 F.R o Bl Pnn (B » { s
at the IIV!PSI‘ 0| dpl nl'ﬂ“‘y lqt
Bnnol |887-1909 sthor of Animal Lie and Int Intelligence I Antmal.
Caarres Ravmonp Beaziey, MA., D.Litr, F.R.GS,, FRHxer
Professor of Modern History in the Uruversny of Bmmngham Formerly Fellow | n, patuts (in part);
Mcisl, :

of Merton College, Oxford; and University Lecturer in the History of Geography
Lothian Prlxeman, Oxford, 1889. Lowell Lecturer, Bo-ton, 1908, Authof of ,
Henry the Novigatar; The Down mbnmﬁr&c- '

CARLO SALVIONL.
. Profassar of Classical and Romance Languaga Umvemty of Milaa, +~ i {l".““ Language (in *‘99 2
Caanctoy TaoMss Lewrs, Pe.Dt (1834 ).

ity. Author of History of Gzrﬂuwy, B.l.myl.

Formerl Lcctum on Life lmurance, rvard and Columbia Univcnlﬁes and on
pormenty Lot s {mmel (in parf).
Addn:m. - Lo

Crer WEATHERLY.
Formerly Scholar of Queen’s College, Oxford. Barrister-at-Law, Inner Temple. {m Sehobls.

Duxcan . Bracx MACDONALD, MA, DD
Professor of Semitic Languages, Hanlord Theological Seminary, U.S.A- Ad‘thar
of Devclopment aj lllultm Theolagy, Julmrudem:e ond Comstitutional Theory,
7 om Ibn K 74 Attitude ard Life in I:lam &e. A
DAvw GEQRGE Hﬁn‘m M
Keeper of the Ashmolean Museum, Oxford. Fellow of Magdalen College, Oxford.: g,, par);
Fellow of the British Academy. Excavated at Paphos, 1888; Naucratis, 1899 and '
; Ephesus, 1904~ 805, Asuut, |906-|l?o7 Dlrcctor, British School at Athens,
'g7‘19°°.

HHarkay.
Formerly British Vice-Consul at Barcelona, Author of Short Huur’ Impressmeont.
Navy, xzzr:d‘&? Life of Emilio Castelar; &c. ¢ Repal
Do"ﬁw&fr“ut &T‘m Musical Anal The Classical C Instrume
says nalysis; comp lassical n
Goldberg Variations, and analyses of ﬁlny other claulul works. fation.

Dttt AR e G, Lottty | :
t ation: i<t te Gal
] neivcuky%o ezcg Lomlio;, Fell o: 63vemty ‘Cotiege, | IW )
Author of Nineteenth Century Art; &c. .
Eowarp AxrrEp MincriN, MA,, F.Z.S. At
ggi{wagl’m{gv in the lémvmicydkomun Formerly F cllmvolf Merton WM.
lege, Oxford; a turer on Com rmve natomymt e University of Oxford. | Hydrozoa:
Authoc of and $ oy} s Treatise on Zoategy; Bo.

E Fum"itm in Mode Hm.orys Coft Oxlord.F { perial Cham
low t y .
. W;:ld'rlno:l yM‘;ﬂon ;?legc Craven gch:h‘r. 3 ege “Mly I ber
Eowm Bmtu. M.B., F.RC.P,FRS. (Edin).
Assistant Physician, Royal Infirmary, Edinburgh, . {B’*ﬂ. (e, part). .
mﬁb&"rgﬁmlﬁ CAbbcy:%r E"‘k‘?ﬁ".ﬁ"&? I[,Jm History of . of ‘
¢ ” P -
. by ol ‘w;: “em Smdw‘.‘t uthor e Lausiac mory nm ImMation of Christ,
EoMuno Crossy QuicciN, M.A.

Cmu:émr% ;:b!::;i:m History, and Monro Lecturer in Celtic, Go.nvxﬂc and {IM Early Hi.mry..

Eowarp }"mnomn Sn.mcz o - ot
. Amiaan Soc o th A‘;I‘nﬂ: Museum, rsl;uth Kensl% on. Member of ] Hllustration: Tecknical
n C uthor nu. )

do;:;:;_ ’h(?:thed rall t merous works on art subjects. Joint-editor Mapmuu‘ R
Lapy Dirxe. .

Sce the bwgnphlcal article: DiLks, Sir C. W, Bnr : {m .
Eowurn Gosse, L Huygens, 8tr conshn n
i Smthebxoénphlcalamde(}om.gbmn : - { - Tbsen; Ayl ta;
Eun. HUBNER. - .

See the biographical article, HOaNER, EMIL. . . {lnscﬁpﬁom: Latin (in pard).

Siz Eowaro Herserr Bonsury, Baxr., M.A., F.R.GS. (d. 1
&laP for Bury St Edmunds, 1847-1852. Author of a Hutory oﬁ jndcnl Geography: {lon!s (i pors),

Rius Hoverr Mivns, M.A. : et

Lecturerand Amnam Librarfan,and formcrly Fellow, Pembroke Coﬂegé, Cambridge Iazyges; Issedones.
University Lecturer in Pnlaeognph )

Eowagp Henry Paiwer, M.A. { .
£ee the biographical article, PALuER, E. H. ¥ Ibn Khaldun (i parf).
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BE . . Epmyxp Kyecut, Pr.D., M.Sc.Tecu.(Manchester), F.I.C. .. .
' Professor of Technol og:cal Chemistry, Manc ester Uttiversity. Head of Chemical
Department, Municipal School of Technology, Manchester Examiner in Dyeing, Indigo.
City and Guilds of London Institute. Author of A Manxal of Dyeing; &c. itor |-
of Jonexal of the Society of Dycrs and Colourists
B L H. Tue Ricat Rev. THE Bisxor or LincoLn (Enwnn Lee Hicks). { tions: Greek
lmlb 'Y

Honorary Fellow of Corpus Christi College, Oxford. Formerly Canon Rendmtlary lin part)
in .

of M ester.  Fellow and Tutor of Corpus Christi College. A of Mansel
of Greek Historical Inscriptions; &c. orp ! )

Ed. M. Eovarp Meveg, Pu.D., D.LirT.(Oxon.), LL.D.

’ Prolessor of Ancieat Histo ory in the University of Berlin. Author of Geschickte des | Bystaspes; Iran.
Alterthums; Geschichte des aliew Aegyptens; Die Israclilen and shre Nachbarstamme.

EMNT Sz Epwaro Mauxpe Txoxeson, G.C.B., 1.5.0,, D.CLL., Lrn' D.,LL.D.
Director and Principal thranan. British Museum, |89 Sandars Reader
- in Bubtioggaphy. Cambrid e. 18?5-1896 Hon. Fellow of mvcrslt College.
omrespondent nstitute of France and of the ssxan Tluminated MSS.
Academy of Sciences. Author of Handbook of Greek and- Lulhl alaeogra f
Editor of Cluaumm Anghae Jomt editor of pubhcahom of the Palaeographical
. iety, the New P grap I Society, and of the Facsimile of the Laureatian
.- Sophocles,
B O0°* EmmmOwaN M.B, FR.CS,LL.D, DSc.
e . Coasulting urgseon to St Mary s Hospltal London, and to the Children’s Hospital, Hpdrocophaius. -,

’

\. " Great Ormond Street; late Examiner in Su at the Universities of Clmbndge,
Coe Durhati and London.  Author of 4 Manwal of Anatomy for Sensor Students.

F.AF Fraxk ALsERT FETTER, PH.D. :
L. Prafessor of Political Economy and Finance, Cornell Umvcmty Member of the | Interstate Commerce.
-+ State Board of Charities. Author of The Principles of Economics; &c.

F.0.0. FReDERICK CORNWALLIS CONYBEARE, M.A., D.Th.(Giessen). Teonoclasts:
Fellow of the British Academy. Formerly Fellow of University College. Oxford Image Wlu:lll.l
Author of The Ancient Armensan Tats oj Arssiolle; Myth, Magic and a?’ alsy &c. P

F.G.M.B. TFaimtick Georct MEEsoN Beck, Hwioos
" Fellow and Lecturer in Classics, dlm College, Cambridge: - J

rIH Fyancis Joun Haversrero, MAA, LL.D, FS A,
Camden Professor of Ancient histofy In the University of Oxford. Fellow of
Brasenase College. Fellow of the British Academy. Formerly Censor, Student, Icknield Street.
Tutof and Librarian of Christ Church, Oxferd.” Ford's Lecturer, 1906~1907.
Author of Monographs on Roman Hulory. especially Roman Bnmn &c.

rLLG. Feances Lrewsliyn Grirrrtn, MA., Pu.D., .S
Reader in Egyptology, ©xford Unfverslty tor of the Archaeological Survey Hylksos; Inis.
and Archaeological | Porn of the Egypt Exploration Fund. Fellov of lmpen.l ’

G
r.Pe " FREDERICK PETERSON, M.D., Pu.D Insanity: Hospi
Professor of Psychiatry, Columhia Universi President of Nn York va{ 3 Hospited
L. Comamission ia ’L"J.icy"'xm-nm Author d'yllcllal Diseases; &c. Treatmend.
r.8.0. FrANGIs Saxyst PrrLsRICK, A.M., Ph.D
Fofmerl‘WF ellow of Nebraska State Univ . and Scholar and Resident Fellow of {m"m
t University. Member of American Historical Association. . Declaration of.
. Wa. FRANCIS err. M.A
Barrister-at- Law. Middle Temple. Aud\ot of Law's Lumber Room. ° {m and w‘
F.W.R* Freoxeick Witriax Ruprer, 15.0., F.GS.
Curator a"o? L‘branan of the Museum orsgracggg Geology, London, 1879~1902. {W‘h; Tolite.
g 71 :
F.Y.P. anmu York PowrLry, DCL LL. ) L 1 s Hi
3.‘: biographical article, Powxu., Fnznnucx YoRrK. lﬁ::imnl%‘:d
G.A.B. &B&UL:GN&%I.FR.S{ Scl Pn‘li').F hes. De o 21 ' ;
. t t of tiles a t alogy (i
: useurm Vice. President of th e; ologics S:uetyol ng:;: el Briu.h{l’hm (in pord).

@. A. Gr. GEORGE ABRKAHAM GRIERSON, C 1. E Pa.D., D.Lrrr.(Dubdin). . . . -
ey ooy G o iﬁ? A Rt hme o L'"V"'ﬁlgma ¢ ]ﬂo—Am}mu.
1898- ol allist, ) tic, ty, 1
n:f thé Royal ASQI::KC Socwt Formerlyyl"ellow (;f‘ Calcwutyta lvamm;. Mm .
of The Languages of India; :

G.A.lLC Gnmnz '}pfl{:“(‘.o]o?“’ Csu Hml Profesecr of Getlogs, Roel Cetl BRI
e e ogical Survey ol and. Bs0r , Royal
. o Setetke tof acangy Dbt eﬂmmaAm i% Practical G u%' ""‘{"""“ Gedlogy.
G. B. Siz Georce CHRISTOPHER MoLrsworTH BIirowoop, K.C E, ..
- Sce the blographical artjcle, Birowoov; Sz G. C. M. + {hﬂ-

e.FHS Geogor Franas Hui, MA.
fmstant in Department of Coins and Medals, British Mu Author of m’aoﬂ' Grock
Sources for Greek History 478-431 8.C.; Handboak of Greck and Roman ins; &c. i part), W

a.6.6. ' G‘EoEczk &m CouLtoN, M,A. . T Cotigs, Com 1nd :
irl urer in Ecclesiasti istory, Trinit: , Cam| ndge. Authog Im PR 'S

of Medieeal Studics; Chawcer and bis Exgland; &6n ©
plere;

G.H.0.  Grosce Hemsrar CArentes, B Ryneoo
Profcssor of Zoology in the Royal C(E?;ge of Science, Dublts. ‘Author of Jusicts:"| Tehfieumon-Fly;
tharr Struciure and Life. Insect.
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INITIALS AND HEADINGS OF ARTICLES

Grazianio 1. AscoLr. 7
Senator_of the Kinsdomel Italy. = Professor nf Comparative Grammar at the Itallan Language (is porlh.
Universicy of Meiaar Aurbosof ot Tlondess .

GxoRGE JaMiEsON, C. M.A.

Formerly Consul- Genemf at Shnnzhm. and Consul and Judge of the Supreme Court, l'l!t Ho.

Shanghai. N
" Gustav KnOcxr, Pr

;: essor of Chumh Hilwryin the University of Giessen, Author of Das Papsithsum; m
Grozor Peecivar Munce, AR.CS,, F

Lecturer on Biology, London Hos ul Medlcnl College, and_London Sc'hool ol{ Incubation and hwbmn-

Medicine for Women, University of Eondon Autborof 4 Tezt Book of Zoology; &t - .
Very Rev. Grozce Winuax Krrcmin, M. A.,D.D,FSA. I

Dean of Durham, and Warden of the Umvenlty o(’ Durham Hon. Student of { Hutten, Ulrich von.

Christ Church, Oxford. Fellow of Klnzs ol.lege ndon. Dean of Winchester,

" 1883~1894. Author of 4 Histery of Fronce; &c.

, ' . Pn PForid; nn lhm, ¥
Rev."Grrerrraxs Waeerer Tratcaes, M.A., B.D. Ibn Hisham; Ton Ishaq;

Warden of Camden Coll gd eé N.S.W. Formerly Tutor in Hebrew and Old J Tbn Jubalr; m Kbaliin
nsfield Co

Testament History at llege, Oxford. Author of a Commeniary on (in pori
s An Alr.abnrch:mm, o ’ oo Kanfdin;

Do Quiaiba; Ibn §a'd;
o

Scholar of Corpul Christi Coll Oxford. Editnr the 11th edim{lnn Mask; Ismalk " "
g-c yclopaedia Britannica; Co-editor ol the joth edition

S Hznv Crxswicke Rawwrinson, Barr., K.C.B. .
Huxv Casswices {num Hitory.

" Huos Cusroru, M.A.
Fometl

article, RAWLINSON, éut Henry CrEswIiCKE.

Infancy;

Intestinal Obstruetion.

Hexzy Marion Howe, A M., LL.D, .y
Professor of Metallurgy, Columbu University. Author of Melollurgy of Sted; &e., Tron and Sieel. S

Henzy Newron Dickson, M. A., D.Sc., F.R.G:S.
Professor of Geography, University College. Reading. Author of Bﬂu’dny NII M

llawrdop Papers on Oceanography; &c. L
vio MM'AIhRE La ium of Oxford;  Member { Jialian
t mance em i
é:::;l of the:‘%rh?lolo:lul Soc':ety uth‘o?o? A 'ifm-:;yaj Provencal Mn' I Literatare (én ’wq.' 1

mnmr Sturr, M. Ioduetion,

Author of Tdola Tkuln The Idea of a Froe Church; and Pemmal Idealism. .

R nrar, Toouss Avonwa: New College London. _Autbor of th “Iguatina

essor w Testament Exegesis, New on. _Aut] t . I

" Commentary eon Acts ml: the W Imiulﬂ ew lumu Handbook on ﬂ: e
A pocryphal Books in the * Century Bible." :

Sm Heney Yure, K.CS.I

See the blographical uﬂc‘e. Ytn.l. Siz Hexey, ) ' {lbl Batats Gin garp).” -

IseaEL ABrABAMS, MA,
Rudu- m Talmudic and Rabbinic Literature m the University of - Cmbﬁsdﬁ

v Thhbots; .
Historical Socl n England. Adtbor of A {m mon.
Huluy qf Jewish Iakrml Jewisk Life in l:toy Hl'ddknl ;u. &c. el Ben Sclo

Jomn AusrosE Freming, M.A., FRS D.Sc.- : RS
Pender Professor of Electrical E ngmeerm in the Unlveni of London. Fellow
-of Univensity College, London., Formerly Fellnw of St John's Coll Cambridge. Induetion Coll.
nﬁi""mgmA pplied Mechanica in the University. Author Hapuls and )

of Archeological Survey of India. Author of Arehess-
1:‘,‘.«1 roey of Wesiors o P 5 Fergusson's History of Tndisw Avehé. | 1dlan Arehiteotare,
ure.

Snm rry Toxe, K1, MD,, FRS(Echn),DSc.

ent of the Neumlogu:l Sociztg the United Kin om * Medical Dlmtor
. of New Saughton Hall Asylum, Edinburgh. M.P. fordle niversities of Edinbu.

and St Andrews, 1900~1910.

Ricer R C H , 05.B,, D.D.
D K e L S {tmmseit Gonopt.

Prof n‘:fYIA"H?mdMR College, New Brunswick, N.J. Fofmerl
ollege, New Brun y
Editor of The Studio and Art Review. . Author of Art for Arfs Saks: Hixery of | 12008 Gearge.
Pginting; Old English Jlnlm. &c,

Jauxs Bmc:sna{ C.LE. d:;!. .D., F.R.S.(Edin.), F.R.G.S,, HoNn.ARIBA. . { ' Ao

Hysterla Gn gorf);
Insanity: Medical. .
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LOW. AMES CLAUDRE WESSTE:
I a.mm.u-. Middte Temple. {'hu of Court,
J.D.B Jauxs D.wm Boncmn M.A,, F.RG.S.

bridge. C ndent of The Ti South-Eastern Europe,
O o Oriees of Pracee Do ?ﬂodMon::::gl:) and of the Saviour of a{”""‘ Lulands.
Gyeace, &nd Officer of the Order of St Alexander of Bulgaria.

LRI Joun FarrarurL Freer, C.LE. Pr.D.
Commissioner of Central and Southern Divisions of Bombay, 1891-1897. Asthor
- of Inscriptions of the Early Gupla Kings; &c.

1. P-K) Jauxs Frrouavsice-Kerry, Litr.D , F.R.Hisr. S
Gilmour Professor of Spanish Lang uve Univensity.
Normas McColl Lecturer. Cambridge verﬂ:x Fellw of the British Academy
Member of the Royal Januh Auden:sy ht Commander of the Order of

Aut! panish

King's C
Commandes

re, Li

Alphonso X11. A A History of ileralure; &c.
J.G.K Jom;l GRrAHAM K“i’t hzz: Flkie Unt of Glasgow !
us t vem o\"ntrz ;
in 'mml M ology in t! e"unim:i:yof ambri Fell h.-m-c.;n.p Ichthyolegy (in pari).
?loq Walsingham Medallist, 1 al
Swmv rgh, 1904,
J. G, Se. Siz' James G:oto: Scorr, K.C.LE..

atendent llld Political Officer, Southern Shan States. Autbor of Burma, | Irrawaddy,
'pper Burma Gosetlosr ; &c..

Fellow, Theological Lecturer and lenmn. St John's College, Cambridge. -
J. H. Mu. Jomx Hanxy Mutsnean, M.A.
Professor of Philosophy in the Umveruty of Bmmngham. . Author of Elements Idealism,
of Elhics; Phosophy and Life; &.  Editor of Library of Philosophy.
J. K. Be. Vzay Rev. Jonu Hensy Bernazn, M.A, DD, D.CL.
Dean of St Patrick’s Cathedral, Dubfin.’ Archbishe King's Professor of Divinity
and fonnerly Fellow of Trinity College, Dublin. o.r int-editor of the Irish Lider Ireland, Chureh of,
Hymnorsm ; &c.
J. H. van't H. ACOIU! Hexricus van't Hory, LL.D., D.Sc., D.M.
J Sece the biographical acticle van't Hon, JAco-ul Hxxricuos. Tomerism.
J LM Jorn LvmnMvnu.MA 1-'s F.R.GS.
Wy eham Professor of l~i|uory in the University of Oxford.” F Ibertans; Ioians

{
i
5|
{
LHEAR Jomc Hlnv Amm Hazr, M.A {
{
{
{
{

ladstone Professor of Greel: ond Lecturer in Ancient Geogra &v Unlmty of
vupool. lacturumCll-aIAlc!ueologyhU versity of
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HUSBAND, properly the “ head of a household,” but now
chiefly used in the sense of a man legally joined by marriage to
a woman, his * wife ”; the legal relations between them are
treated below under Huspanp anp WirE. The word appears
in O. Eng. as hdsbonde, answering to the Old Norwegian
hfisbondi, and means the owner or freeholder of a kus, or house.
The last part of the word still survives in " bondage ' and " bond-
man,” and'is derived from bug, to dwell, which, Jike Lat. colere,
means also to till or cultivate, and to have 2 household. '* Wife,”
in O, Eng. wif, appears in all Teutonic languages except Gothic;
cf. Ger. Weib, Dutch wijf, &c., and meant originally simply
a female, ” woman " itsclf being derived from wifman, the
pronunciation of the plural wimmen still preserving the original i.
Many derivations of *’ wife " have been given; thus it has been
connected with the root of * weave,” with the Gothic wasbjan,
to fold or wrap up, referring to the entangling clothes worn
by a woman, and also with the root of vibrare, to tremble.
These are all merely guesses, and the ultimate history of the
word is lost. It does not appear outside Teutonic languages.
Parallel to “ hushand " is * housewife,” the woman managing
8 household, The earlier Adswif was pronounced Aussif, and
this pronunciation survives in the application of the word to
a small case containing scissors, needles and pins, cottons, &c.
From this form also derives * bussy,” now only used in a de-
preciatory sense of a light, impertinent girl. Beyond the meaning
of a husband as a married man, the word appears in connexion
with agriculture, in “ husbandry "’ and * husbandman.” Accord-
ing to some authorities * husbandman ” meant originally in
the north of England 2 holder of a ™ husbandland,” a manorial
tenant who held two ox-gangs ‘or virgates, and ranked next
below the yeoman (see J. C. Atkinson in Noftes and Queries,
6th series, vol. xii,, and E. Bateson, Hislory of Northumberland,
ii., 1893). From the idea of the manager of a houschold,
* husband " was in use transferred to the manager of an estate,
and the title was held by, certain officials, especially in the great
trading companies. Thus the “husband ™ of the East India
Company looked after the interests of the company at the
custom-house. The word in this sense is practically obsolete,
but it still appears in ** ship's husband,” an agent of the owners
of a ship who looks to the proper equipping of the vessel, and her
repairs, procures and adjusts freights, keeps the accounts, makes

charter-parties and acts generally as manager of the 'sliip's

employment. Where such an agent is himself ane of the owners
of the vessel, the name of " managing owner " is used. The
*“ ship's husband ” or “ ging owner” must. register his
name and addréss at the port of registry (Merchant Shipping
Act 1804, § 59). From the use of ' husband ” for 'a good and
thrifty manager of a household, the verb ™ to husband ” means
to economize, to lay up a store,  to save. :

" HUSBAND AND' WIFE, Law RELATING TO. For the modes
in which the relation of husband and wife may be constituted
and dissolved, see MARRIAGE and DIvOorce. The present article

. will deal only with the efiect of marriage on the legal position

of the spouses. The person chiefly afiected is the wife, who
probably in all political systems hecomes subject, in consequence
of marrjage, to some kind of disability. The most. favourable
system scarcely leaves her as free as an unmarried woman; and
the most unfavourable subjects her absolutely to the authority
aof her husband. In modern times the effect of marriage on
property is perhaps the most important of its consequences,
and on this point the laws of different states show wide diversity
of principles. . ’ .

The history of Roman law exhibits a transition .from an
extreme theory to its opposite. The position of the wife in the
earliest Roman household was regulated by the law of Manus.
She fell under the “ hand * of her, husband,—became one of his
family, along with his sons and daughters, natural or adopted,
and his slaves. The dominion which, so far as .the children
was concerned, was known as the palric polestas, was, with
reference to the wile, called the manus. The subject members
of the family, whether wife or children, had, hroadly speaking,
no rights of their own. Ifthis institution implied the complete
subjection of the wife to the husband, it also implied a much
closer bond of union between them than we find in the later
Roman Jaw. The wife on her husband’s death succeeded, like
the children, to freedom and a share of the inheritance. Manus,
however, was not essential to a legal marriage; its restraints
were irksome and unpopular, and in coursg of time it ceased
to exist, leaving no equivalent protection of the stability of

| family life. The later Roman marriage left the spouses com-

paratively Independent of each other. The distance between
the two modes of marriage may be estimated by the fact that,
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while underthe former the wife was one of the husband’simmediate
heirs, under the latter she was called to the inheritance only
after his kith and kin had been exhausted, and only in preference
to the treasury. It seems doubtful how far she bhad, during
the continuance of marriage, a legal ¥ight to enforce aliment
from her husband, although if be neglected her she had the
unsatisfactory remedy of an easy divorce. The law, in fact, pre-
ferred to leave the parties to arrange their mutual rights and
obligations by private contracts. Hence tbeimportance of thelaw
of settlements (Dotes). The Dos and the Donatio anle nuplias were
settlements by or on behalf of the husband or wife, during the
continuance of the marriage, and the law scems to have fooked
with some jealousy on r;fls made by one to the other in any
less formal way, as possibly tainted witb undue influence. During
the marriage the busband bad the administratfon of the property.
. The manus of the Roman law appears to be only one instance
of an insfitution common 2o all primilive gocicties, .On the
continen} of Eutope affer many centurles; during which local
usages wers Brought under the infivence of principles derived
{rom the Roman law, & theory of marriage became established,
the leading feature of which is the communily of goods between
busbarnd and wife. Describing the principlc, a3 ft: pravails in
France, Story (Conflict of Laws, § 130 sayss * This!commuhity
or nuptial partnership (in the absence of any special contract)
generally extends to all tbe movable property of the husband
and wife, and to the fruits, income and revenue thereof. . . .
It extends also to all immovable property of the hisband and
wife acquired during tbe marriage, but not to such immovable
property as either possessed at the time of the marriagey-or
which came to them afterwards by title of succession or Wy gift.
The property tbus acquiced by, this nuptial partnership is liable
to the debts of the parties existing at the time of the marriage;
to tbe debts contracted by the husband during the community,
or by the wife during the community witb the consent of ‘the
husband; and to debts contracted for the malntenance of the
family. . . . The husband alone is entitled to administer the
property of the community, and he may alien, sell or mortgage
it without the concrrence of the wife.” But he cannot dispose
by will of more than hls share of the commdn property, nor can
he part with it gratuitously infer vivos. e communi}y is
dissotved by death (natural or civil), divarce, separation of
body or separatlon of property, On separation of body or of
property the wife Js entitled to the full control of her movable
property, but cannot alien her immovable property, ‘without
her husband’s consent or legal autbority. On the death of
either party the property is divided In equal moieties hetween
the survivor and the heirs of the deccased. }
Low of England.—The English common law as usual followed
its own course in dealing with this subject, and in no department
were its rulés more entirely insular and independent. The
text writers all assumed two fundamental principles, which
between them established a system of rights totally unlike that
just described. Hushand and wife were said tg be one person in
the eye of the law—unica persona, quia caro una et sanguis unus.
Hence a man could not grant ar give anything to his wile,
because she was himself, and if thete were any compacts between
them before marriage they were dissolved by tbe union of persons.
Ylence, too, the old rule of law, now greatly modified, that husband
and wife could not be allowed to give evidence against cach
other, in any trial, civit or criminal. The unity, however, was
one-sided only; It was tbe wife who was merged in tbe husband,
not the husband In the wife. And when the theory did not
apply, the disabillties -of ** coverture *’ suspended the active
exercise of the wife'slegalfaculties. The oldtechnical phraseology
described husband and wife as daron and feme ; the rights 6l
the husband were baronial rights. From one point of view the
wife was merged in the husband, from another she was as one of
his vassals. A curious example is the immunity of the wife in
certain cases from punishment for crime coramitted in the

presence and on the presumed coercion of the husband. * So |

great a favourite,” says Blackstone, “ is the female sex ol the
laws of England.” :

AND WIFE

The application of these .principles with reference to the
property of the wife, and her capacity to coatract, may now be
briefly traced. '

The frechold property of the wife became vested in the husband
and herself during the coverture, and he had the management
and the profits. If the wife had been in actual posscssion at
any time during the marriage of an estate of inheritance, and if
there had been a child of the marriage capable of inheriting,
then the husband became entitled on his wife’s death to hold
the estate for his own life as tenant by the curtesy of England
(curialitas).! Beyond this, however, the husband's rights did
not extend, and the wife’s heir at last succeeded to the inheritance.
The wife could not part with her real estate without the concur-
rence of the husband; and even so she must be examined
apart from her husband, to ascertain whether she freely and
volun;;rily consented to the deed.

ith .regasd t al 1y, # pagsed ab ely at
cof:lrlon’ law to tgeplsupsgndwm:’& things ip“the ssion
of the wife lchises in posdession) becme the propetty” of the
husband at once; things not. in possession, but due and re-
coverable from others (ckoses in action), might be recovered
Ehy’the ughand. A 4sojg in action not reduced into actuaf
possesston, whea thé marrge was dissolved by death, reverted
to the wife if she was the survivor; if the husband survived
he could obtain possession by taking out letters of administra-
tion. | e in aclion was to be distinguished from a specific
thing which, although the property of the wife, was for the
time being in the bands of another. In the latler case the
property was in the wife, and passed at once to the husband;
in the former the wife had a mere jus in personam, which the
husband might enforce if he chose, but which was still gap-
able of ‘reverting to the wife If the husband died Without
enforcing it. . L '

Thie chattels real of the wife (i.e., personal property, dependent
on, and partaking of, the nature of realty, such as leaseholds)
passed to tbe husband, subjéct to the wife’s right of survivorship,
unless barred by the husband by some act done during his life,
A disposition by will did not har the wife's intérest; but any
disposition infer vivos by the busband was valid and eRective.

The courts of equity, however, greatly modified the rules of
the common law by the introduction of the wifc's sepasate
estate, i.e. property settled to the wife (or her separate use,
independently of her husband. The principle seems to have
been originally admitted in a case of actual separation, when
a fund was given for the maintenance of the wife while living
apart from her husband. And the conditions under which
separate estate might be enjoyed had taken the Court of Chancery
many generations to develop. No particular form of words was
necessary to treate a separate estate, and the fntervention of
trustees, though common, was hot necessary. A clear intention
to deprive the husband of his common law rights was sufficicnt
to do so. In such a case a tharried woman was entitled to deal
with her property as if she was unmarried, aithough the earlier
detisions were In favour of requiring her Linding engagements
to be in writing or under seal. “ But it was afictwards held that
any engagements, clearly made with reference to the separate
estate, wauld bind that estate, exactly as if the woman had been
a'feme sole. ' Connected with the doctrine of separate use ‘was
the equitable contrivance of restraint on anticipation with which
later legislation has not interfered, whereby property might be
50 settled to the separate use 87 3 married woman that she could
not, during coverture, alienaté it or anticipate the income.
No such restraint is recognized in the case of a man or of a feme
sole, and It depends entircly on the separate estate; and the
separate estite has fts existence only during coverture, so that
a woman tb whom such an estate is given may dispose of il so
long as she is unmarried, but becomes bound by the restraint as
soon as she Is married. 1n yet another way the coutt of Chancery

interfered to protect the interests of married women. When a

! Curtesy or courtesy has been explained by legal writers aa

» arising by favour of the law of England.” The watd has nothi
to do w?lh’céurtesy in the sense of c%mp!aiuna. e
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hisband sought the eid of that court to get possession of his’
wife's choses in action, he was required to make a provmon

3

which had been a matter 6f controversy. It provided specifically
that every contract thereinafter entered into by a married

for her and her childeen out of the fund sought to be rec

This is called the wife’s eqily lo a settlement, and is said te be
based on the original maxim of Chancery jurisprudence, that
" be who seeks equity must de equity.” Two other property
interests of miner importance are recognised. The wife's pin-
moncy is 2 provision for the purchase of clothes and ornaments

suitable to- her husband's statibn,.but it is not an absolute | be

gift to the separate use of the wife; and & wife surviving her

hushand cannot claim for more than ene year's arrears of pin- |

money. : Paraphernalia are jewels and other prnamcnts given
to the wife by her husband for the purpose of being wotn by her,
but not as her separate property. ‘The husband may dispose
of them hy act énter vizos but not hy will, utiless the will confers
other benefits on the wife, in which case she:must elett between
the will and the paraphernalia. She may also on‘the death
of the husband claim rparaphernalia, ptovlded all" creditors
have been satisfied, her right being supenor to that of any
legatee.

The :orrespondmg interest of the wife in the propcrty of 1he
husband ‘is much more meagre and illusory. Besides a general
right te maintenanceat her husband’s expense, she has at common
law & right to 'dewer (g.0.) in her husband’s Iands, and to'a pars
rationabilis (third) of his personal estate, if he dies intestate.
The former, which originally was a sclid provision for widows,
has by the ingenaity oI conveyancers, ns well 28 by positive
enactment, been reduced te very sk i It may
he destroyed by a mere declaration te thul effect on the part
;f thgl lhusbam'l as well as hy his conveyance of the land or by

18 Wi

The common pracuce of regulating the rights of husband

wife and children by marriage settlements obviatesthe hardships

, otherwisc than as an agent, should be deemed to be a
contract entered into by ber with respect to and be binding
upon her separate property, whether she was or was not in fact

of or entitled to any separate property at the time
when she entered inte such contract, that it should bind all
separate property which she might at any time or theveafter
of or entitled to, and that it should be enforceable
hy process of law against all property which she might thereafter,
while discovert, be possessed of or entitled to. The act of 1907
enabled a merried woman, without her husband, -te dispose of
or join in disposing ef, real or personal property held by her
solely or jointly as trustee or pemnal Tepresentative, in like
manner as if she were a feme sole. It-alse provided that a sctile-
ment or agreement for settlement whether before or after
marriage, respecting the property of the woman, should not
be valid unless executed hy her if she was of full age or confirmed
by her after she attained full age, Thc Marned Women's

Property Act 19o8 [ y by enacting
that & married woman having sepa'me property should - be
equally liable with single and wid lor the mai

of parents who are in receipt of poor relief. -
The British colonies generally have adoptcd the pnnclples of
the English acts of 1882 and 1893.

Law of Séotland.—~The law of Scotland differs less from English
law than the use of a very different terminology would fead us to
mppose T)I se commumio donorsm. has been employed to

which the have in the movable pro n.y
of bolh hul its use has been severely censured as essentially
accurate and _mislcading. It has been contended that there was no
real community of goods, and no partnership or societas between

the spouses. The wile’s mavahle meny, with gerthin excepitions,
and lubjecl to lpecml aﬂ nts, ¢ as absolutely the property
of the h as it di nglish law ‘The notion of a communio

of the common law—at least for the of the Lthi

classes. The legistature hy the Married Women's Property
Acts of 1870, 1874, 1883 (which repealed and dorisolidated the dcts
of 1870 and 1834), 18p3 and 1907 introduced wery considerable
changes. The chief previsions of the Married Women's Property
Act 1882, :which enormously improved the position of women
unprotected tiy marriage settlement, are, shortly, that & married
woman is capable of acquiring, holding and disposing of by will
or otherwise, any real and personal property, in the same manner
as if she were a feme sole, without the intervention 'ef any trustee.
The property of a woman married after the beginining of the
act, whether beloniging to her at the time of marriage or acquired
ma marriage, is held by her asa feme sole. The same is the case
with prbperty dcquired after the beginning of the act by a woman

was, however, favoured bahe peculiar ri%xts of the wife and children
an the: dissolution of the marriage. Previous to the Intestate

ovable Suscession (Scotland) Act 1858 the hvl -&ood foliows.
Thc fund formed by the may be
s increased

dealt_with by the husband as he pleases dunngth(e it
by his acqu:snlons and diminished by his de The respective
shares contributed by husband and wife teturn on the dissolution of
the marriage toebunwthal:u- tives if ‘the macriage be
disgolved within a yearand and without a living child. Other-
wise the division is into two on ree shares, accordin, aschlldrcn are
&xisting or rot at the dissolution of the marnecr n the death of-
the husband, his children take dnesthird (cailed legitim). the vndow
takes onecxlurd %3 reliciae),"snd thesremaining one-third (the, dead

port r(dns to his will or to his-next of kin. } there be lﬁ
chii re». d\e Jjus relictae and the dead’s part are each one-half.

the wile die before the husband. her represeniatives, whether children
ot not, are creditors for the value of her share. The statute aboves
, enacts that ** wh«e a wife shall predecease her

married before the act.  After mavyriagé a woman Yable
for antenuptial debts and liabilities, and as between her and’ her
husband, in ‘the absence of contract to the contrary, her stparate
property is deemed primarily liable. The husband is gnly
liable to the extent of propesty acquired from or through’ hi

wife. The act also contained provisions as 1o stock, investment,
insurance, evidence end other matters. The effett of the et
was to render obsalete the law as to what created a separate
nse or a reduction inte possession of ckosed in action, as to equity
to a settiémerit, as to fraud on the ‘rasband’s marital rights,
and as to the inability of one of two married persons to give
# gift to the other.  Also, in the case of 1 gift to 2 husband and
wife in terms which would make them jolnt tenants if unmarried,

they no longer take as one person but as twb. ‘The act contained
8 special saving of existing and future settlemerits; a settlement
being still necessary where it is desired to secure only the enjoy-
ment of the income to the wife and to provide for children.
The act by itself would enable the wife, without regard to famity
claims, instantly to part with the whole of any property which
might tome to her, Restraint on anticipation was preserved
by the act, subject to the liability of such property for antenuptial
debts, and tc the power given hy the Conveyancing Act 1881
to bind a married woman’s interest notwithstanding a clause
of restraint. The Married Women’s Property Act of 1893
repealed two clauses in the act of 1882, the exact beating of

d, however,

husband, the next of kin, other ives of such
wile, whether testate or mlcstatc. shnll have na right to any share of
the goods in communion; nor shall an Ie%acy or bequest or testas
mentary disposition thereof by such wile, affect or attach to the said
goods or any portion thereof.” It also abolishes the rule by which
the shares revert if the marriage does not subsm or a year and a day.
Several later acts a; prly to Scotland some of prmcaples of 1he
Engiish Married Women's Propcn Acts. hcsc arc the Married
Women's Property (Scotland) Act 1877, which protects the eamings,
&c., ol wives, and limits the husba: ghabahty forantenuptial debts
of the wife, the Married Women's Policies of Assurance (Scotland)
Act 1880, which enables a woman to coniract for a policy of assurance
for her separate use, and the Married Women's Property (Scotland)
Act 1881, which abolished the jus mariti.

A \vllu imuaue property does aot pass to> the husband on
marriage, bul uices & right to the adminigtration and prufits.
His cour(esy. as |.‘%nghsh law, is aiso recagnized. On the o er
hand, a widow has a lerce ot life-rent of a third part of the husband®
heritable estate, unless she has sccepted a conventional provision.

Contimental Essope. ~Since 1882 sh fegislation in the mateer
pl married women's propert. hupmgmnd rom perhaps the most
backward to the foremast pl urope. By a curious contrast,
the only two European coumnn w ere, in the absence of a settic-
ment to the contrary, independence of the wife's property was recog-
nized, were Russia and ltaly. But thmu now a marlwdtendexy
towards contractual ed a law on this
subject jn 1874, Denmark in 1880, Norway in 1888.. Germany
followed, the %w:l Code which came into opefation in 1900 (Art.
1367) providing that the wile's wages or earnings shall form part of

vahdugu or separate property, which & previocus articls




*

(1365) placed beyond the husband s control. | As rds propert;
mcrugng to the wile in Germany by succession. 'nr pft‘l”uk);
viw: it is only separate property where the donor has de rately
l;_ted excfusion m:‘d the l}u-bmdh‘ s ngh;‘ of
rance it see as if ¢ ;rtem community rfbpzny
d in the inst he country. But a law of 1907
hal bmugl\t France into hne with other countries. This law gives a
married woman sole control over earnings from her personal work
and savings therefrom. She can with nucr money acquire personalty
or realty, over the former of which she has absolute control. But
if she abuscs her rights by squandering her money or administering
her property badI}/ or lmpmdenlly the husband may apply to the
court to have her Ireed cted.
Americen Law.~in !he United States, the revolt against the
common law theory of husband and wife was carried farther than in
England and legislation early tended in the direction of absolute
equality between the sexes. h state has, however, taken its
own way and selected its own time for introducing modifications of
the existing law, so that the legislation on this subject Is now
emeedmglz comphuted and d ulz Jamu Schou r (Low of
) gives an { result in the
different states to which reference nuy be made. The pecyliar
system of Homestead Laws in many of the states (see HouesTEAD
and ExxupTION LAWS) constitutes an inalienable provision for the

wile and family of the ounhol
. RUSHI (Rumanian H, the capital of the department
of Falciu, Rumania; on a b of the Jassy-Galatz railway,
9 m. W. of the river Pruth and the Russian frontier. Pop.
(1900) 15,404, about one-fourth being Jews. Hushi is an episcopal
see. The cathedral was huilt in 1491 by Stephen the Great of
Moldavia. There are no important manufactures, but a large
fair is held annually in September for the sale of live-stock,
and wine is produced in considerable quantities. Hushi is said
to have been founded in the 15th century by a colony of Hussites,
from whom its name is derived. The treaty of the Pruth between
Russia and Turkey was signed here in 3711,

! HUSKISSON, WILLIAM (1770-1830), English slulesman and
financier, was descended from an old Staflordshire family of
moderate fortune, and was born at Birch Moreton, Worcester-
shire, on the 11th of March 1770. Having been placed in his
fourteenth year under the charge of his maternal great-uncle’
Dr Gem, physician to the Engiish embassy at Paris, in 1783
he passed his early years amidst a political fermentation which
led kim to take a deep interest in politics. Though he approved
of the Frénch Revolution, his sympathies were with the more
moderate party, and he became a member of the © club of 1789,”
instituted to support the new form of constitutional monarchy
in opposition to the anarchical attempts of the Jacobins. He
early displayed his mastery of the principles of finance by a
Discours delivered in August 1790 before this society, in regard
to the issue of assignats by the government. The Discours
gained him considerable reputation, but as it jailed in its purpose
he withdrew from the society. In January 1793 he wuuppomled
by Dundas to an office created to direct the execution of the
Aliens Act; and in the discharge of his delicate duties he mani-

fested such ability that in 1795 he was appointed under-secretary |

at war. Inthefollowing year be entered parliament as member for
Marpeth, but for a considerable period he took scarcely any part
in the debates. In 1800 he inherited a fortune from Dr Gem.
On the retirement of Pitt in 1801 he resigoed office, and after
contesting Dover umuccm{nlly he withdrew for a time into
:nvale life. Having in 1804 been chosen to represent Liskeard,

e was on the restoration of the Pitt ministry appointed secretary
of the treasury, hoiding office till the dissolution of the ministry
after the death of Pitt in January 1806. After being elected
far Harwich in 1807, he accepted the same office under the duke
of Portland, but he withdrew from the ministry along with
Canning in 1809. In the following ycar he published a pamphlet
on the currency system, which confirmed bis reputation as the
sblest financier of his time; but his free-trade principles did not
accord with those of his party. In 1812 he was returned for
Chichester. When in 1814 he re-entered the public service, it
was only as chiel commissioner of woods and forests, but . his
influence was from this time very great in the commercial and
financial legistation nf the couniry. He took a prominent part
in tbe corn-law debates of 1814 and 1815; and in 1819 he
presented a memorandum Jo Lord Liverpool advocating a large

HUSHI—-HUSS

reduction in the unfunded debt, and explaining a method for
the resumption of cash payments, which was embodied in the
act passed the same year. In 182x he was a member of the
committee appainted to inquire into the causes of the agricultural
distress then prevailing, and the proposed relazation of thecorn
laws embodied in the report was understood to have been chiefly
due to his strenuous advocacy. In 1823 he was appointed
president of the board of trade and treasurer of the navy, and
shortly afterwards be received a seat in. the cablnet. In the
same year he was rcturned for Liverpool as successor to Canning,
and as the only man who could reconcile the Tory merchants
to a free trade policy. Among the more important legislative
changes with which he was principally connected were a reform
of the Navigation Acts, admitting other nations to & full equality
and reciprocity of shipping duties; the repeal of the labour laws;
the introduction of & mew sinking fund; the reduction of the
duties on manufactures and on the importation of foreigh goods,
and the repcal of the quarantine duties. In accordance with
his suggestion Canning in 1827 introduced a measure on the
corn laws proposing the adoption of a sliding scale to regulate
the amount of duty. A misapprehension between Huskisson
and the duke of Wellington led to the duke proposing an amend.
ment, the success of which caused the abandonment of the
measure by the government. After the death of Canning in the
same year Huskisson accepted the secretaryship of the coloniea
under Lord Goderich, an office which he continued to hold in
the new cabinet formed by the duke of Wellington in the folldwing
year. After succeeding with great difficulty in inducing the
cabinet to agree to a compromise on the corn laws, Huskisson
finally resigned office in May 1829 on account of a difference
with his colleagues in regard to the disfranchisement of East
Retford. On the 1 5th of September of the following year he was
accidentally kiiled by a locomotive engine while present at the
opemn‘ieor the Liverpaol and- Manchester railway.
Life of Huskisson, by ]. Wright (London, 1831).

HUSS (or Hus), JOHN (c. 31373-1415), Bokemian reformer and
martyr, was born at Hussinecz,' a market viilage at the foot of
the Bohmerwald, and not far from the Bavarian {rontier, between
1373 and 1375, the exact date being uncertain. His parents
appear to have been well-to-do Czechs of the peasant class.
Of his early life nothing is recorded except that, notwithstanding
the early loss of his father, he ohtained a good elementary
education, first at Hussinecz, and-afterwards at the neighbouting
town of Prachatics, At, or oniy a very little beyond, the
usual age he entered the recently (1348) founded univenity of
Prague, where he became bachelor of arts in 1303, bachelor
of .theology in 1304, and master of arts in 1396, In uot
he was chosen by the Bobemian ' nation " of the university
to an .examinership “for the bachelor's degree; in the
same year he began to Jecture also, and there is reason to
beheve that the philosophical writings of Wycliffe, with which

he®had been for some years acquainted, were bis text-books.
In October 1401 he was made dean of the philosophical faculty,
and for the hall-yearly period from October 1402 10 April 1403
he held the office of rector of the university, In 1402 also he
was made reclor or curate (cepellarius) of the Bethlehem chapel,
which had in 1391 been erected and endowed by some aealous
citizens of Prague for the purpose of providing good populas
preaching in the Bohemian tongue. This appoinment had
a deep influence oo the already vigorous religious life of Huss
himself; and one of Lhe eflects of the earnest and independent
study of Scripture into which it led him was a profound conviction
of the great value not only of the philasophical but also of the
theological writings nf Wycliffe.

This newly-formed sympathy with the En;hsh reformer did
not, in the first instance at least, invoive Huss in any conscious
opposition Lo the estahlished doctrines of Catholicism, or in
any direct conBlict with the authorities of the church; and for

t From which the name Huss, or mom pmperly Hus, an abbrevia-
tion adopted by himself about 1396, is derived. Prior to that date
he was invariably knowa as Jobana Hussynecs, Hussinecs, Husenica
or de Hussynecz, '
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several years he continued to act in full accord with his archbishop

(Sbynjek, or Sbynko, of Hasenburg). Thus in r405 he, with |

other two masters, was commissioned to examine inte certain
reputed miracles at Wilsnack, near Wittenberg, which bad
caused that church to be made a resort of pilgrims from all parts
of Europe. The result of their report was that all pilgrimage
thither from the province of Bob was prohibited by the
archbishop on pain of excommunication, while Huss, with the
full sanction of his superior, gave to the world his first published
writing, entitled De Omns Sanguine Christs Glorificato, in which
he decl d in no d terms against forged miracles and
ecclesiastical greed, urging Christians at the same time to desist
from looking for sensible signs of Christ's presence, but rather
to seek Him in His enduring word. More than onee also Huss,
together with his friend Stanislaus of Zngim, was appointed
to be synod preacher, and in this capacity he delivered at the
provincial councils of Bobhemia many faithful admanitions.
As early as the 28th of May 1403, it is true, there had been held
a university disputation about the mew doctrines of Wycliffe,
which had resulted in the condemnation of certain propositions
presumed to be his; five years later (May 20, 1408) this decision
bad been refined into a declaration that these, fortyfive in
number, were not to be taught in any heretical, erroneous
or offensive sense. But it was only slowly that the growing
sympathy of Huss with Wycliffe unfavourably afiected his
relations with his colleagues in the priesthood. In r408, however,
the clergy of the city and archiepiscopal diocese of Prague laid
before: the archbishop a formal complaint against Huss, arising
out of strong expressions with regard to clerical abuses of which
he had made use in his public discourses; and the result was
that, having been fist deprived of his appointment as synodml
preacher, he was, after & vain attempt to defend himself in
writing, publicly forbidden the exercise of any priestly function
t the diocese. Slmulmneously with these proceedings
in Bohemia, negotiations had been going on for the removal of
the long-continued papal schism, and it had become apparent
that a satisfactory solution could énly be secured if, ‘as seemed
not i ible, the supporters of the rival popes, Benedict XIII.
and Gngory XIL., could be induced, in view of the approaching
council of Pisa, to pledge therselves to a strict neutrality.
With this end King Wenceslaus of Bohemia had requested the
co-operation of the archlmhop and his clergy, and also the
support of the university, in both instances unsuccessfully,
all.hougb in the case of the latter the Bohemian * nation,” with
Huss at its head, bad only been overborne by the votes of the
Bavarians, Saxons and Poles. There followed an exp

promulgation by Pope Alexander V., on the 20th of December
1409, of & bull which ordered the abjuration of all Wydliffite
heresies and the surrender of all his books, while at the same
time—a measure specially levelled at the pulpnt of Bethlehem
chapel—all preaching was prohihited except in-localities which
had been hy long usage set apart for that use. This decree, as
soon as it was published in Prague (March g, 1410), led to much
populu ‘agitation, and provoked an appeal by Huss to the
pope’s better informed judgment; the archbishop, however,
resolutely on carrying out his instructions, and in the
following: July cansed to be publicly burned, in the courtyard
of ‘his own palace, upwards of 200 volumes ot the writings of
Woycliffe, while he pron d e of exc
nona;uut Huks and ‘certain of his friends, who had.in the
meantime again. p ted and led to the new pope
(Johm XXI1I.). Aga.in the popnhce Tose on behalf of their hero,
who, in his turn, strong in the conscientious conviction that * i in
the things which pertain to salvation God is to be obeyed rather
than'man,” continued uninterruptedly to preach in the Bethlehem
chapel, and in the university began publicly to defend the sos

called heretical treatises of Wycliffe, while from king and queen,

nobles and burghers, a petition was sent to Rome praying that
the condempation and prohibition in the bull of Alexander V:
mightbequashed. Negotiations were carried on forsomemonths,
but in vain; in March 1411 the ban was anew pronounced upen
Huss as a disobedient son of the church, while the magistrates
and councillors of Prague who had favoured him were threatened
with & similar penalty in case of their giving him a contumacious
support.  Ultimately the whole city, which continued to harbour

.him, was laid under interdict; yet he went on preaching, and

masses were celehrated as usu,ll so that at the date of Archbishop
Sbynko’s death in September 1417, it seemed as if the efforts of
ecclesiastical authority had resulted in absolute failure.

- The struggle, however, entered on 2 new phase with the
appearance at Prague in May 1412 of the papal emissary charged
with the proclamation of the papal bulls by which a rehgious
war was decreed ,' t- the exc ficated King Ladi
of Naples, and i ‘e was promised to all who shduld take
part in xt, on terms similar .to those which had been enjoyed
by the earlier crusaders to the Holy Land. By his bold and
thorough-going opposition to this mode of precedure against
Ladislaus, and still more by his doctrine that indulgence could
never be sold without simony, and could not be lawfully granted
by the church except on condition of genuine vontrition and
repentance, Husu at last isolated himself, not only from the

of nationalist and particularistic as opposed to ultramontane
and also to German feeling, which undoubtedly was of supreme
importance for the whole of the subsequent career of Huss, In
compliance with this feeling a royal edict (January 18, 1400)
was issued, by which, in alleged conformity with Paris usage,
and with the original charter of the university, the Bohemian

* pation "' received three votes, while only one was allotted to’

the other three * nations’ combined; whereupon all the
foreigners, to the number of several thousands, almost im-
mediately - withdrew from Prague, an occurrence which led to
the formation shortly afterwards of the university of Leipzig.
It was a dangerous triumph for Huss; for his popularity
at court and in the general community had been secured only
at the price of clerical antipathy everywhere and of much German
ill-will. Among the first results of the changed order of things
were on the one hand the election of Huss (October r409) to be
again rector of the university, but on the other hand the appoint-
ment by the archhishop of an mqmsltor to inquire into charges
of heretical teaching and i tory preaching brought
against him. He had spoken disrespectfully of the church, it
was said, had even hinted that Antichrist might be found to
be in Rome, had f ted in his pr g the quarrel between
Bohemians and Germans, and had, notwnthstandmg all that
had passed, continued to speak of Wychffe as both a pious man
and an orthodox teacher. The direct result of this investigation
is not known, but It is impossible to disconnect from it the

party under Albik of Umtschow, but also from
the theobgucal faculty of the university, and especially from
such men as Stanislaus of Znaim and Stephen Paletz, who untfl
then had been his chief supporters. A popular demonstration;
in which the papal bulls had been paraded through ‘the streets
with circumstances of peculiar ignominy and finally burnt, led
to intervention by Wenceslaus on behalf of public order; three
young men, for having openly asserted the unlawfulness of the
papal indulgence after silence had been enjoined, were sentenced
to death (June 1412); the exc ication inst Huss was
renewed, and the interdict 2gain laid on all places which should
give him shelter—a measure which now began to he more strictly
regarded by the clergy, so that in the following December
Huss had no alternative but to yield to the express wish of the
king by temporarily ‘withdrawing from Prague. A provincial
synod, held at the instance of Wenceslaus in February 1413,
broke up without having reached any practical result; and
a commission appointed shortly afterwards also failed: to bring
about a reconciliation hetween Huss and his adversaries. ' The
so-called heretic meanwhile spent his time partly at Kotihradek,
some 45 m. south of Prague, and partly at Krakowitz in
the immediate neighbourhood of the capital, occasionally
giving & course of open-au prendnng. but finding his chief
employment in mamtalmng that copious corrcspondence of
which some precious fmgmenls still are extant, and in the
composition of the treatise, De Ecclesia, which subsequently
furnistred most of the vohterial for the cnpm.l chiatges brought




him, and was formerly considered the most important of
his works, though jt is mainly a transript of Wyclifie's work
of tbe same name.  _’ T .

During the year 1413 the arrangements for the meeting of

o

contemplated had been the restoration of the unity of the church
and its reform in head and members; but a0 great had become
tbe prominence of Bohemian aflairs that to these also a first
place in the programme of the approaching cecumenical assembly
required to be assigned, and for their satisfactory settlement
the presence of Huss was necessary. His attendance was ac-
cordingly requested, and the invitation was willingly accepted
a8 giving him a long-wished-for opportunity both of publicly
vindicating himself from charges which he felt to be grievous,
and of loyally making confession for Christ. He set out from
Bohemia on the 14th of October 1414, not, h , antil be
had carefully ordered all his private affairs, with a presentiment,
which he did not conceal, that in all probability he was going
to his death. . The journey, which appears to have been under-
taken with the usual passport, and under the protection of
‘several powerful Bobemian friends (John of Chlum, Wenceslaus
of Duba, Henry of Chlum) who accompanied him, was & very
prosperous one; and at almost all the balting-places he was
received with a consideration and enthusiastic sympathy which
he had hardly expected to meet with anywhere in Germany.
On the 3rd of November he amived at Constance; shortly after-
wards there was put into his hands the famous imperial * safe
conduct,” the promise of which had been one of his inducements
Yo quit the comparative security he had enjoyed in Boherhia.
This safe conduct, whicb had been frequently printed, stated
that Huss should, whatever judgment might he passed on him,
be allowed to return freely to Bohemia, .. This by no menns
provided for his immunity from punishment. If faith to him
had not been broken he would have been sent back to Bohemia
to be punished by his sovereign, the king of Bohemia, The
treachery of King Sigismund is undeniable, and was indeed
admitted by the king himself.* The safe conduct was probably
indced given by him to entice Huss to Constance. On the 4th
of December the pope appointed a commission of three bishops to
investigate the case against the heretic, and to procure witnesses;
to the demand of Huss that he might be permitted to employ
an agent in his defence a favourable answer was at first given,
but alterwards even this concession to the forms of justice was
denied. While the commission was engaged in the prosecution
of its enquiries, the flight of Pope John. XXIII, took place on
the 20th of March, an event which furnished a pretext for the
removal of Huss from the Dominican conveat to a more secure
and more severe place of confinement under the charge of the
bishop of Constance at Gottlieben on the Rhine. On the 4th
of May tbe temper of the council on the doctrinal questions in
dispute was {ully revealed in its unanimous condemuation of
Wydiffe, -especially of the so-called * forty-five articles” as
erroneous, beretical, revolntionary. » It was not, however, until
the sth of June that the case of Huss came up for hearing; the
meeting, which was an exceptionally full one, took place in the
refectory of the Franciscan cloister.« Autograph copies of bis
work De Ecdesia and of the controversial tracts which he bad
written against Paletz and Stanislaus of Znaim having heen
acknowiedged by him, the extracted propositions on which the
prosecution based their charge of heresy were read; but as
soon as the accused began to enter upon his defence, he was
assailed by violent outcries, amidst which it was impossible
for him to be heard, so that he was compeiled to bring his speech
to an abrupt close, which he did with the calm remark: - In
such a council as this I had expected to find more propriety,
picty and order.” It was found necessary to adjowrn the
sitting until the 7th of June, on which occasion the outward
decencies were better observed, partly no doubt from the circum-
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the object of the prosecutien being to fasten upon the latter the
charge of having entirely adopted the doctrinsl system of the
former, including especially a denial of the doctrine of transub-
stantintion. The accused repudiated the charge of having
bandoned the Catholic doctrine, while expressing hearty

admiration and respect for the y of Wycliffe. Being
next asked to make an unqualified submission to the council,
he expressed himsclf as unable to do so, while stating his willing-
ness to amend his teaching wherever it had been shown to be
false. Witb this the proccedings of the day were brought to
& close, On the 8th of June the propositions extracted from
the De Ecclesio were again taken up with some fulness of detail;
some of these he repudiated as incorvectly given, others he
defended; but when ssked to make a general recantation he
steadfastly declined, on the ground that to do so would be a
dishonest admission of previous guilt. Among the propositions
he could heartily abjure was that relating to transubstantiation;
among those he felt constrained unflinchingly to maintain
was one which had given great offence, to the efiect that Christ,'
not Peter, is the head of the church to whom ulﬁmm
ble,

must he made. The council, however, showed itself §

to all his arguments and explanations, and its final resolution,
as announced by Pierre d’Adlly, ,was threefold: first, that
Huss ahould humbly declare. that be had eired in all the articles
cited sgainst him; secondly, that he should promise on oath
neither to hold nor teech them in the future; thirdly, that
he should publicly recant them.  On his declining to make
this submission he was removed from the bar. Sigismund
himself gave it as bis opinion that it had been clearly proved
by many witnesses that the accused had taught many pernicious
heresies, and that evea should he recant 1w ought never to be
allowed to preach or teach again or to return to Bohemia, but,
that should he refuse recantation there was no remedy but the
stake, During the next four weeks no effort was spared to
shake the determination of Huss; but he steadiastly refused
to swerve from the path which conscience had once made clear.'
“I write this,” says be, in a.detter to his friends at Prague, “in
prison and in chains, expecting to-morrow to.receive sentence
of death, full of hope in God that I shall not swerve from the
truth, nor abjure errors imputed to me by false witnesses.”
The sentence he expected was pronounced on the 6th of July
in the presence of Sigismund aad & full sitting of the council;
once and sgain he attempted to remonstrate, but in, vain, and
finally be betook himself to gilent prayer. After he had under
gone the cexemony of degradation with all the childish formalities

| wsual on such occasions, his soul was formaliy comsigned by ali

those present to the devil, while bie himself with clasped hands.
and uplifted eyes reverently committed it to Christ. He was
then haaded over to the secular arm, and immediately led to the
place of execution, the council mcaswhile proceeding uncon-.
cernedly with the rest of its husiness for the day. Many
incidents recorded in the histories make manifest the meek-
pess, fortitude and even cheerfulness with which he went to
his desth, After he had been tied to tbe stake and the faggots
had been piled, he was for the last time urged to recant, hut
his only reply was: “ God is my Wwitneas that I have never
taught or preached that which false witnesses have testified
against me., He knows that the great object of all my preaching
and writing was to convert men from sin. In the tryth of that
gospel which hitherto I have written taught and preached,
I now joyfully die.” The firo was then kindled, and his voice
as it audibly prayed in the words of the * Kyrie Eleison ’ was
soon stifled in the smoke, When the flames had done their
office, the ashes that were left and even the soil on which they
lay were carefully removed and thrown into the Rhine.

~ Not many words are needed to convey a tolerably adequate
estimate of the character and work of the “ pale thin man in
mean attice,” who in sickness and poverty thus completed the
forty-sixth year of a busy life at the stake. The value af Huss

stance that Sigismund was present in person. The prop
whicb had been extracted from the De Ecdesia were again brought
¥, and the relations between Wycliffe and Huss were. discussed.

as a scholar was formerly underrated. The publication of his
Super IV, Sententiarum has proved that he was a man of profound
learning. Yet his principal glory will always be founded on hig
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spiritual teaching. It might not he easy to formulate’

the doctrines for which he died, and certainly some of them,
as, for example, that regarding the chureh, were such as many
Protestants even would regard as unguirded and difficult to
harmonize with the maintenance of extermal church otder;
but His is undoubtedly the honour of having been the chief inter-
mediary in handing on from Wycliffe to Luther the torch which
kindied the Reformation, and of having been one of the bravest of
the martyrs who have died in the cause of honesty and freedom,
of progress and of growth towards the kight. (J.S.BL) s
» The w{ks of Huss are usnally classed ander four heads: the

dogmatical and mical, the homiletical, the ical and the
epistolary. In the caslier editions of his works sul t care was
not taken to distinguish between his own writings and those of

Wycliffe and others who were associated with him. In connexion

with hls secmons it is worthy of note that by means of them-and by | gra
at

his public teachin; rally Huse
not only on the seligious life of his time, but on the literary develo;
ment of his native tongue. The eicliest collected edition of his
works, Hisioria et monumenta Joonnis Hus et Hieronyms Pragensis,
was published at Nuremberg in 1558 and was reprinted with a con-
siderable quantity of new matter at Frankfort in 1715, A Bohemian
edition of the works has been edited by K. J. Erben (Prague, 1865~
1868), and the Documenia J, Hus vilam, inam, causam %
Conslantiensi concilio (1869), edited by F. Palacky, is ver?y valuable,
More recently Joannss Hus. Opera omwia have Deen edited by W,
ojEhaus (Prague, 1904 fol.). The De Ecclesia was published Ly
Ulrich von Hutten in 1520; other controversial writingy Otto
Brumfels in 1524; and Luther wrote an interesting preface to
Epis m, which were published in 1537. These Epistolas
have been translated into French by E. de Bonnechose (xgﬁ). and
the letters written during his imprisonment have been edited by
C. von Kogelgen (Leiprig, 1903). R . i
The best and most easily accessible information for the English
reader on Huse is found in J. A. W. Neander's Aligemeine Geschichie
der chrisllichen Religion und Kirche, translated by J. Tol 1850~
1858): in G. von Lechler’s Wiclif und die Vorgeschichte der Reforma-
tiow, translated by P. Lovimer (1878); in H. K. Milman's Hislory of
Latin Christiansty, vol. vili, (1867); and in M. Creighton's History of
the Popacy (2897). Among the earlier 1‘uthontxen is the Historia
Bokemsca of Acneas Sylvius (1475). The Acta of the council of,
Constance (glublhhed by P. Labbe in his Concilia, vol. xvi., 1731; by
H. von der Hasrdt in his Moguum lantienss concilism, vol. vi.,
17005 and by H. Flnke in his Acia comcilis Comstantiensis, 1896);
andf Lenfant's Hisloire de lg guerre des Hussiles (1731) and the same
writer's Histoire di concile de Conslance (1714) should be consulted.
F. Palacky's Geschichte Bohmens (1864-1867) is also very uscful.
Monographs on Huss are very numerous. Among them may be
moentioned J. A, von Heliest, Siudien uber Hus wnd Hicronymus
2853; this work is ultramontane in its sympsthies); C. von Hofler,
us und der Abaug der deulschen Professoren und Studenlen aus Prag
gwa); W. Berger, Johannes Hus und Komig Si
Denis, Huss et lo_puerre des Hussites (1878): P. Uhlmann, Xdwsg
; us (1 ):f- us ickif (1884),
. J. Evans (188¢); A. Jeep, Gerson,
1857); and G. von ler,
Johkannes Hus (1889). See also Count Ltgow, The Life and Times of
Jokn Hus (London, 1909). :  ° ' .
} HUSSAR, originally the namé of a doldfer belonging to a
corps of light horse raised by Matthizs Corvinus, king of Hungary,
in 1458, to fight against the Turks. - The Magyar Auszar, from
which the word is derived, was formerly connected with the
Magyar kust, twenty, and was explained by 2 supposed raising
of the troops by the taking of éach twentieth man. According
to the New English Dictionary the word Is an adaptation of
the Italian corsaro, corsair, 2 robber, and fs found in 1 sth-century
documents coupled with praedones. « The hussar was the typical
Hungarian cavalry soldier, and, in the absence of good light
cavalry in thé regular armies of central and western Europe,
the name and character of the hussar gradually spread into
Prussia, France, &c. Frederick the Great sent Major H. J. von
Zieten to study the work of this type of cavalry in the Austrian
service, and Zicten so far improved on the Austrian model that
he defeated his old teacher, General Baranyal, in an encounter
between the Prussian and Austrian hussars at Rothschloss in
1741. The typical uniform of the Hungarian hussar was followed
with modifications in other European armies. It consisted of
& busby or a high cylindrica’ cloth eap, jacket with heavy
braiding, ahd 2 dolman or pelisse, a ldose coat worn hanging
from the left shoulder. 'The hussar regiments of the British
srmy were converted from light dragoons at the following dates:

und (1871):
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7th (1805), 10th and 1sth (1806), 18th (1807, and agaln on
after disbandment, 1858), 8tk (1822), 11th (1840), 20th
(inte and Bengal European Cavalry) (1860), 13th, z4th, and 19th
(late zst Bengal European Cavalry) (1861). The a1st Lancets
were husaars from 1862to1897. _

HUSSITES, the name given to the followers of John Huss
(2369~1415), the Bohemian reformes. 4 They were at first often
called Wycliffites, as the theslogical theories-of Huss were largely
founded on the teachings of Wycliffe. - Huss indeed laid more
stresd on church reform than on theelogical controversy. .On
such matters he always writes as a disciple of Wycliffe. The
Hussite movement may be sald to have sprung from three
sources, which are however closely connected. Bohemis, which
had first received Christianity from the East, was from geo-
phical and other causes long but very loosely connected
with the Church of Rome. v The connexion became closer at the

P~ | time when the schism with its violent controversies between

the rival pontifis, waged with the coarse invective customary:
to medieval , had hrought great discredit on the
papacy. The terrible rapacity of its representatives in Bohemia,
which increased in proportion as.it became more difficult to
obtein money from western countsiessuch as England and France,
caused genetal indignation; and this was still further intensified
by the gross immorality of the Roman priests. - The Hussite
movement was also a democratic one, an uprising of the peasantry
against the landowners at a perfod when a third of the soil
belonged to the clergy.% Finally national enthusiasm for the
Slavic race contributed largely to its importance. < The towns,
in most cases creations of the rulers of Bohemia who had called
in German immigrants, were, with the exception of the " new
town ” of Prague, mainly German; and in consequence of the
regulations of the university, Germans also held almost gli the
more, important ecclesfastical offices—a condition of things
greatly resented by the natives of Bohemia, which at this period
had reached a high degree of intellectual development. )

& The Hussite movement assumed a revolutionary .character
as soon as the news of the death of Huss reached Prague. The
knights and nobles of Bohemia and Moravia, who were in favour
of church reform, sent to the council at Constance (September
and, 1415) a'protest, known as the “ protesiatio Bokemorum
which condemned the execution of Huss in the strongest hnguzge.\
The attitude of Sigismund, king of the Romans, who sent
threatening letters to Bohemia declaring that he would shortly’
"drown all Wycliffites and Hussites,” greatly incensed the
people.* Troubles broke out in various parts of Bohemia, and
many Romanist priests were driven from their parishes, Almost
from the first the Hussites were divided into two sections, though
many minor divisions also arose among them, Shortly before
his death Huss had accepted a doctrine preached during his
absence by his adherents at Prague, nmamely that of * utraquism,”
4.6, the abligation of the faithful to receive communion in bath
kinds (sxb uirague specie). This doctrine became the watchword
of the moderate Hussites who were known as the Utraquists
or Calixtines (caliz, the chalice), in Bohemian, podoboji ; while
the more advanced Hussites were soor known as the-Taborites,
from the city of Tabor that became tbeir centre.

- Under the influence of his brother Sigismund, king of the
Romans, King Wenceslaus endeavoured tp stem the Hussite
movement. * A certain number of Hussites lcad by Nicolas of
Hus—no relation of John Huss—1left Prague, They keld meetinga
in various parts of Bohemis, particularly at Usti, near the spat
where the town of Tabor was founded soon afterwards. At
these mectings Sigismund was violently denounced, and the people
everywhere prepared for war. In spite of the departure of many
prominent Hussites the troubles at Prague continued. On
the 3o0th of July 1419, when a Hussite procession headed by the
priest John of Zelive (in Ger. Selau) marched through the atreets
of Prague, stones were thrown at the Hussites from the windows
of the town-hall of the " new town.” The people, headed by
John 2i2ka (1376~1424), threw the -burgomaster and 8
town-councillors, who were ‘the instigators of this outrage,
from the ‘windows and they were jmmediately killed by the



6 ©  HUSSITES

cowd. On hearing this news King Wenceslaus was seized with
an apoplectic fit, and died a few days afterwards. The death of
the king resulted in renewed troubles in Prague and in almost
all parts of Bohemia, Many R ists, mostly G for
they had almost all remained faithful to the papal cause—were
expelled from the Bohamian cities. In Prague, in November
1410, severe fighting took place between the Hussites and the
mercenaries whom Queen Sophia (widow of W ! and

the end of October (1420) the garrison was on the point of
capitulating through famine. Sigismund attempted to relieve
the fortress, but was decisively defeated by the Hussites on
the 1st of November near the village of Pankric. The castles
of Vylebrad and HradZany now capitulated, and shortly after-
wards almost all Bohemia fell into the hands of the Hussites.
Internal troubles prevented them from availing tbemselves
letely of their victory. At Prague a demagogue,

regent after the death of her husband) had hurriedly collected.
After 2 considerable part of the city had been destroyed a truce
was concluded on the 13th of November. The nobles, who
though favourable to the Hussite cause yet supported the
regent, promised to act as mediators with Sigismund; while
the citizens of Prague consented to restore to the royal forces
the castle of Vysehrad, which had fallen into their hands. Zika,
who disapproved of this compromise, left Prague and retired
to Plzeht (Pilsen). Unable to maintain himself there he marched
to southern Bohemia, and after defesting the Romanists at
Sudoméf—the first pitched battle of the Hussite wars—he
arrived at Usti, one of the earliest meeting-places of the Hussites.
Not considering its situation sufficiently strong, he moved to
the neighbouring new scttlement of the Hussites, to which the
biblical name of Tabor was given. Tabor soon became the
centre of the advanced Hussites, who differed from the Utraquists
by recognizing only two sacraments—Baptism and Communion—
and by rejecting most of the ceremonial of the Roman Church.
The ecclesiastical organization of Tabar had a somewhat puritanic
character, and the government was established on a thoroughly
democratic basis. Four captains of the people (kejimane) were
elected, one of whom was Zidka; and. a very strictly military
discipline was instituted. B

- Sigismund, king of the Romans, had, by the death of his
brother Wenceslaus without issue, acquired a claim on the
Bohemian crown; though it was then, and remained till much
later, doubtful whether Bohemia was an hereditary or an elective
monarchy. A firm adherent of the Church of Rome, Sigismund
was successful in ohtaining aid from the pope. Martin V.,
issued a bull on the 17th of March 1420 which proclaimed a
crusade “ for the destruction of the Wycliffites, Hussites and all
other heretics in Bohemia.” The vast army of crusaders, with
which were Sigismund and many German princes, and which
oonsisted of adventurers attracted hy the hope of pillage from
all parts of Europe, arrived before Prague on the joth of June
and immediately began the of the city, which bad, however,
soon to be abandoned (see Zi3ka, JonN)., Negotiations took
place for a settlement of the religious differences. The united
Hussites formulated their demands in a statement known as
the * articles of Prague.” This document, the most important
‘of- the Hussite period, runs thus in tbe wording of the con-
temporary chronicler, Laurence of Brezoyas—

¥ 1. The word of God shall be preached and made known in the
:ifn om of Bohemia freely and in an orderly manner by the priests

the Lord. . ..

11, The sacrament of the moat Holy Eucharist shall be freely
administered in the two kinds, that is bread and wine, to all the
faithful in Christ who are not precluded by mortal sin—according
to the word and disposition of Our Saviour.
ci 111, The secular pq::rd.uvu-_ r‘x:ha.gnd- worldly Ml:e'hk'hdt'he

ergy possesscs in contradiction to Christ’s precept, to t judice
of its office and to the detriment of the secular arm, shall Ketaken
and withdrawn from it, and the clergy itself shall be brought back to
tl‘\:’ ch\fangelical rule and an apostolic life such as that W Christ
and his a en cee

1V. Al mortal sins, and in particular all public and other dis-
orders, which are contrary to God’s law,shall in every rank of life
geﬁdu!y ,and judiciously prohibited an@ destroyed by those whose

ce it 18,

‘These articles, which contain the essence of the Hussite doctrine,
were rejected by Sigismund, mainly througb the influence
of the papal legates, who considered them prejudicial to the
authority of the Roman see. Hostilities therefore continued.
Though Sigismund had retired from Prague, the castles of
Vyiehrad and HradZany remained in possession of his tioops.
The citizens of Prague laid siege to the Vydehrad, and towards

priest John of Zelivo, for & time obtained almost unlimited

authority over the lower classes of the townsmen; and at

‘Tabor a communistic movement (that of the so-called Adamites)
was sternly suppressed by Zidka. Shorily afterwards s new
crusade against the Hussites was undertaken. A large German
army entered Bohemia, and in August 1421 laid siege to the
town of Zatec (Saaz). The crusaders hoped to be joined in
Bohemia by King Sigismund, but that prince was detained
in Hungary. After an unsuccessful attempt to storm Zatec
the crusaders retrcated somewhat ingloriously, on bearing
that the Hussite troops were approaching. Sigismund only
arrived in Bobemia at the end of the year 1421:. He took
possession of the town of Kutna Hora (Kuttenberg), but was
decisively defeated by Zizka at Némecky Brod (Deutschhrod)
on the 6th of January 1422. Bobhemia was now again for a
time free from foreign intervention, but internal discord again
broke out caused partly hy theblogical strife, partly by the
ambition of agitators. John of Zelivo was on the oth of March
1422 arrested by the town council of Prague and decapitated.
There were troubles at Tabor also, where a more advanced
party opposed Zizka’s suthority. Bohemia obtained 2

respite when, in 1423, Prince Sigismund Korybutovi& of Poland
became for a short time ruler of the country. His authority
was recognized by the Utraquist nobles, the citizens of Prague,
and the more moderate Taborites, including Zitka. Koryhutovit,
however, remained but a short time in Bohemia; after his
departure civil war hroke out, the Taborites opposing in arms
the more moderate Utraquists, who at this period are also
called by the chroniclers the ¢ " as Prague was theit
principal stronghold. On the 27th of April 1423, Zikks now
again leading, the Taborites defeated at Horic the Utraquist
army under Cenck of Wartemberg; shortly afterwards an
armistice was concluded at Konopiit. .

Papal influence hed meanwhile succeeded in' calfing forth
a pew crusade against Bohemia, but it resulted in complete failure.
In spite of the endeavours of their rulers, the Slavs of Poland
and Lithuania did not wish to attack the kindred Bohemians;
the Germans were prevented by internal discord from taking
joint action against the Hussites; and the king of Denmark,
who had landed in Germany with & large force intending to
take part in the crusade, soon returned to his own country.
Free for a time from foreign jon, the Hussites invaded
Moravia, where & large part of the population favoured their
creed; but, again paralysed hy dissensions, soon returned
to Bohemia. The city of Koniggritz (Krilové Hradec), which
had been under Utraquist rule, espoused the doctrine of Tabor,
and called Zizka to its aid. After several military successes
gained by Zitka (g.s.) in 1423 and the following year, a treaty
of peace between the Hussites was concluded on the r3th of
She:)tember 1424 at Liben, a village near Prague, now part of
that city. :

In 1426 the Hussites were again attacked by foreign enemies.
In June of that year their forces, led by Prokop the Great—
who took the command of the Taborites shortly after Zizka’s
death in October 1424—and Sigismund Korybutovi¢, who hsd
returned to Bohemia, signally defeated the Getmans at Aussig
(Usti nad Labem). After this great victory, and another at
Tachau jn 2427, the Hussites repeatedly invaded Germany,
though they made no attempt to occupy permanentiy any part
of the country.

The almost uninterrupted series of victories of the Hussites
now rendered vain all hope of subduing them by force of arms.
Moreover, the conspicuously democratic character of the Hussite
movement caused the German princes, who were afraid that
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such views might extend to their own countries, to desire peace.
Many Hussites, particularly the Utraquist clergy, were also in
favour of peace. Negotiations for this purpose were to take
place at the oecumenical council which had been summoned to
meet at Basel on the 3rd of March 1431. The Roman see re-
luctantly ¢ d to the pi ¢ of heretics at this council,
but indignantly rejected the suggestion of the Hussites that
members of the Greek Church, and representatives of all Christian
creeds, should also be present. Before definitely giving its consent
to peace negotiations, the Roman Church determined on making
a last effort to reduce the Hussites 1o suhjection. On the 1st
of August 143t a large army of crusaders, under ‘Fredenck
margrave of Brandenhurg, whom Cardinal Cesarini accomp

as papal legate, crossed the Bohemian frontier; on the 14th
of August it reached the town of Domaslice (Tauss); but on
the arrival of the Hussite army under Prokop the erusaders
lmmedmtely took to flight, almost without offering resistance.

On the 15th of October the members of the council, wbo had
ahudy assemhled at Basel, issued 2 formal invitation to the
Hussites to take part in its deliberations. Prolonged negotiations
ensued; but finally a Hussite embassy, led by Prokop and
including John of Rokycan, the Taborite bishop Nicolas of
Pelbtimov, the * English Hussite,” Peter Payne and many
others, arrived at Basei on the 4th of January 1433. It was
found impossihle to arrive at an agreement. Negotiations
were not, however, broken off; and a change in the political
situation of Bohemia finally resulted in a settlement. In 1434
war again hroke out between the Utraquists and the Taborites.
On the 3oth of May of that year the Taborite army, led by Prokop
the Great and Prokep the Less, who both fell in the battle,
was totally defeated and almost annihilated at Lipan. The
modecrate party thus obtalned the upper hand; and it formulated
its demands in 2 document which was fmally accepted by the
Church of Rome in a slightly modified form, and which is known

“ the compacts.” The compacts, mainly founded on the
aruclu of Prague, declare that:~—

The Holy Sacrament is to be glven freely in both kinds 10 all
Chn-tuns in Bohemia and Moravia, and to those clsewhere who
adhere to the faith of these two countries.

2. All mortal sins shalt be puoished and extirpated by those whose
office it is so0 to do.

3- The word of God is to befmly and truthfully preached by the
peiests of the Lord, and by worthy deacol

4. The priestsin the time of the law ol grace shall claim no owner-
.lup of worldly possessions.

On the sth of July 1436 the compacts were formally accepted
and signed at Iglau, in Moravia, by King Sigismund, by the
Hussite delegates, and by the representatives of the Roman
Church, The last-named, however, refused to recognize as
archbishop of Prague, John of Rokycan. who had been elected
to that dignity by the estates of B ia. The Ut ist
creed, frequently varying in its details, continued to be “‘that
of the established church of Bohemia till all non-Roman religious
services were prohibited shortly after the battle of the White
Mountain in 1620. The Taborite party never recovered from
its defeat at Lipan, and after the town of Tabor had been captured
by George of Podébrad in 1452 Utraquist religious worship was
established there. The Bohemian brethren, whose intellectual
originstor was Peter Chelticky, but whose actual founders
were Brother Gregory, a nephew of Archbishop Rokycan,
and Michael, curate of Zamberk, to a certain extent continued
the Taborite traditions, and in the 15th and 16th centuries
includcd most of the strongest opponents of Rome in Bohemia.
J. A. Komensky (Comenius), a member of the brotherhood,
claimed for the members of his church that they were the genuine
inheritors of the doctrines of Hus. After the beginning of the
German Reformation many Utraquists ldopled to a large
extent the doctrines of Luther and Calvin; and in rg67 obtained
the repeal of the compacts, which no lonzer seemed sufficiently
far-reaching. From the end of the 16th century the inheritors
of the Hussitc tradition in Bohemia were included in the more
general name of * Protestants ' borme by the ldhemm of the
Reformation,

All histories of Bohémia devote a large amount of  to the
Hussite movement. See Count Lntww, Bokemia; an
Sketck (London, 1896): Palac?' Gesch whle vos Bohmen; Bach-
mann, Geschick L. der bah

Reformation Cotba 1866) and u:mqum und Taboritew (Gotha,
1871); Ernest Denis, Huss ef la guerre des Hussiles (Paris, 1878);
H. Toman, Husitské Vlenictvi (Prague, 1898).

HUSTING (O. Eng. Asusting, from Old Norwegian kdsthing),
the " thing” or “1ling,” i assembly, of the household of
personal followgrs or retainers of a king, earl or chief, contrasted
with the ** folkmoot,” the assemhly of the whole pcople “Thing”
meant an inanimate ohject, the ordinary meaning at the present
day, also a cause or suit, and an assembly; a similar develop-
ment of meaning is found in the Latin res. The word still
appears in the names of the legislative assemblies of Norway,
the Storthing and of Iceland, the Althing. * Husting," or
more usually in the plural * hustings,” was the name ofa court
of the city of London. This court was formerly the county
court for the city and was held before the lord mayor, the
sheriffs and aldermen, for pleas of land, common pleas and
appeals from the sheriffs. It had probate ]unsdxcuon and wills
were registered. All this jurisdiction has long been obsalete,
but the court still sits occasionally for registering gifts made to
the my 'I’hc charter of Canute (1032) contains a reference

** hustings " weights, which points to the early estahlishment
of the court. It is douhtful whether courts of this name were
held in other towns, but John Cowell (1554-1621) in his Inlcr-
preter (1601) s.9., “‘Hustings,” says that according to Fleta there
were such courts at Winchester, York, Lincoln, Sheppey and
clsewhere, hut the passage from Fleta, as the New Englisk
Dictionary points out, does not necessarily imply this (11. iv.
Habet etiam Rex curiam in civilatibus . . . e in locis . . .
sicud in Hustingis London, Winton, &c.). The ordinary use

“ hustings *’ at the present day for the platform from which
a candidate sveaks at a parliamentary. or other election, or
more widely for a political candidate’s election campaign, is
derived from the application of the word, first to the platform
in the Guildhall on which the London court was held, and next
to that from which the public romination of candidates for a
parliamentary election was formerly made, and from which
the candidate addressed the electors. The Ballot Act of 1872
did away with this public declaration of the nomination.

HUSUM, a town in the Prussian province of Schleswig-Holstein,
in.a fertile district 2} m. inland from the North Sea, on the
canalized Husumer Au, which forms its harbour and roadstead,
99 m, N.W. from Hamburg on a hranch line from Tonning.
Pop. (1900) 8268. It has stcam communication with the
North Frisian Islands (Nordstrand, Féhr and Syit), and is a
port for the cattle trade with England, Besides a ducgl palace
and park, it possesses an Evangelical church-and a gympasium.
Cattle markets are held weekly, and in them, as also in cereals,
a lively export trade is done. There are also extensive oyster
fisheries, the property of the state, the yield during the season
being very considerable. Husum is the birthplace of Johann
Georg Forchhammer (1794-1865), the mincralogist, Peter
Wilhelm Forchhammer (1801-1804), the archaeologist, and
Theodore Storm (1817-1888), the poet, to the last of whom a
monument has been erected here.

Husum is first mentioned in 1252, and its first church was
built in 1431. Wisby rights were granted it in 1582, and in
1603 it received municipal privileges from the duke of Holstein,
It suffered greatly from mundauons in 1634 and 1717.

See Christiansen, Die Geschickte Husums ?Husum. 1903); and
Hennlngsen, Dos Stiftungsduch der Stadt Husum (Husam, 19045

HUTCHESON, FRANCIS (1604-1746), English philosopher,
was born on the 8th of August 1694. His birtbplace was probably
the townland of Drumalig, in the parish of Saintfield and county
of Down, Ireland} Though the family had sprung from Ayrshire,
in Scotland, both his father and grandfather were ministers
of dissenting congregations in the notth of Ireland. Hutcheson
was educated partly by his grandfather, partly at an academy,
where aceording to his blographer, Dr Leechman, he was taught

t See Belfast Mogosine for August 1813,
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“ the ordinary scholastic philosophy which was in vogue in
those days.” In 1710 he entered the university of Glasgow,
where he spent six years, at first in the study of philosophy,
classics and general literature, and afterwards in the study
of theology. On quitting the university, he returned. to the
north of Ireland, and received a licence to preach. When,
however, he was about to enter upon the pastorate of a small
dissenting congregation he changed his plans on the advice
of a friend and opened a private academy in Dublin. In Dublin
his literary attainments gained him the friendship of many
prominent inhabitants. Among these was Archbishop King
(author of the De origine mali), who resisted all attempts to
prosecute Hutcheson in the archbishop‘s court for keeping a
schdol without the episcopal Licence. Hutcheson’s relations
with the clergy of the Established Chiurch, especially with the
archbishops of Armagh and Dubkin, Hugh Boulter (1672-1742)
and William King (1650~1729), séem to have béen most cordial,
and his biographer, in speaking of  the inclination of his friends
to serve him, the schemes proposed to him for obtaining pro-
motion,” &c., probably refers to some offers of preferment, on
condition of his accepting episcopal ordination.  These offers,
however, were unavailing. ‘ —

While residing in Dublin, Hutcheson published anonymously
the four essays by which he is best known, namely, the Inguiry
concerning Beawty, Order, Hormony and Design, the Inguiry con-
cerning Moral Good and Ewl, in 1725, the Essay on the Nature
ond Conduct of the Passions and Affections and Illustrations
upon the Moral Semse, in 1728. The alterations and additions
made in the second edition of these Essays were published in a
scparate form in 1726. To the period of his Dublin residence
are also to be referred the Thoughts on Laughter (a criticism of
Hobbes) and the Observations on the Fable of the Bees, being
in all six letters contributed to Hibernicus' Lelters, a periodical
which appeared in Dublin (1725-1727, 2nd ed. 1734). Attheend
of the same period occurred the controversy in the London
Journal with Gilbert Burnet (probahly the second son of Dr
Gilbert Burnet, bishop of Salisbury), on the “ True Foundation
of Virtue or Moral Goodness.” Al these letters were collected
jn one volume (Glasgow, 1772).

In 1729 Hutcheson succeeded his old master, Gershom
Carmichael, in the chair of moral philosophy in the university
of Glasgow. It is curious that up to this time all his essays
and letters had been published anonymously, though their
authorship appears to have been well known. In 1730 he
entered on the duties of his office, delivering an inaugural lecture
(afterwards puhlished),
1t was a great relief to him after the drudgery of school work
to secure leisure for his favourite studies; “ non levi igitur
laelitia commovebar cum almam matrem Academiam me,
suum olim alumnum, in libertatem asseruisse audiveram.”
Yet the works on which Hutcheson's reputation rests had
already been published, . :

The remainder of his life be devoted to his professorial
duties. His reputation as @ teacher attracted many young

men, belonging to dissenting families, from England and Ireland,.

and he enjoyed a well-deserved popularity among both his
pupils and his colleagues. Though somewhat quick-tempered,
he was remarkable for his warm feelings and generous impulses.
He was accused in 1738 before the Glasgow presbytery for
" following two false and dangerous doctrines: first, that the
standard of moral goodness was the promotion of the happiness
of others; and second, that we could have a knowledge of good
and evil without and prior to a knowledge of God" (Rae, Life
of :ldam Smith, 1895). _ The accusation seems to have had no
result, . - . .

In addition to the works named, the following were published
during Hutcheson’s lifetime: a pamphlet entitled Considerations
on Patronage (1738); Philosophiae  moralis sinslitutio com-
pendiaria, ethices ot jurisprudentios naiuralis elementa candinens,
Uib. iii. (Glasgow, 1742); Metaphysicas synepsis omiologiom
o p Jogs pleci (Glasgow, 1742). The last
work was published anonymously. After his death, his son,

De natarali  hominum  socialitate. | of
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Francis -Hutcheson (¢ 1722-12273), author of & number of
popular songs (¢.¢. * As Calixi one evening,” * Jolly Bacchus,”
** Where Weeping Yews ), published much the longest, though
hy no means the most interesting, of his works, A Sysiem of
Aoral Philosophy, sn Three Baoks (2 vols., London, r755). To this
is prefixed a life of the author, by Dr William Leechman (1706~
1785), professor of divinily in the universily of Glasgow. The
only remaining work assigned to Hutcheson is a small treatise on
Logic (Glasgow, 1764). This compendium, together with the Com-
pendinm of Metaphysics, was republished at Strassburg in 1722,
Thus Hutcheson dealt wilth metaphysics, logic and cthics,
His importance is, bowever, due almost entizely o his ethical
writings, and among these primarily to the four essays and the
letters published during his residence in Dublia. His standpoint
bas a negative and a positive aspect; be is in strong apposition
to Thomas Hobbes and Bernard -de Mandeville, and in funda-
mental agr with Shaftesbury (Anthony Ashley Cooper,
sxdd qarl of Shaftesbury), whese name he very properly coupled
with his awn on the title-page of the first two essays. There
are no two names, perhaps, in the bistory of English moral
philosophy, which stand in & closer, conpexion. The analogy
drawn between beauty and virtue, the functions assigoed to
the moral sense, the position that the benevolent feclings form
an original and irreducible part of our pature, and the unhesitating
adoption of the principle that the test of virtuous action is its
tendency to promote the general welfare are obvious and funda-
mental paints of mont between the two-authora
L Ethics.—According to Hutcheson, man has a variety of senses,
internal as well as extemnal, reflex as well as dircct, the gencmi
definition of a sense being ** any determination of our minds to reccive
idens indepcndcntly on our will, and to have perceptions of pleasuns
and pain " (Essay om the Nature and Conduct of the Passions, sect. 1),
He does not attempt to give an exhauslive enumeration of these
** penses,” but, in various parts of his works, he s‘geciﬁcs besides the
five external senses commonly recognized (whlc , he rightly hints,
might be added to),—(r) consciousness, by which each’ man has a
ption of himself and of ail that is going om in his owa mind
illmph. Sgu. Fﬂl’l i. cap. 2); (2) the scnsc of beauty (sometimes
called specificaily * an internal sense *); (3) 2 public sense, or sensus
is, "' g determination to be pleased with the i) of
others and to be uneasy at their misery "'; (4) the moral sense, or
" moral scnse beauty in actions and affections, by which we
perceive virtue or vice, in ourselves or others ”'; (5) a sense of honour,
or praise and blame, ** which makes the approbation or ratitude of
others the y ion of ph and their dmlike, con~
demnation or resentment of injurics done by us the occasion of that
uneasy sensation called shame "; (6) a sense of the ridiculous. 1t
is plain, as the author confesses, that there may be ** other perce
tions, distinct from all these classes,” and, in fact, there seems to |
no limit to the number of ¢’ senses “ in which a psychological division
this kind might result. . . .
Of these " senses " that which plays the most nmrofu-t, part in
Hutcheson's ethical system is the ** moral sense.” [t is this which
p i diately on the ch of actions and affections,
approving those which are virtuous, and disapproving those which
are vicious. “' His principal design,” be says in the preface to the
two first treatises, ” is to show that human pature was not left quite
indifferent in the affair of virtue, to form to itself observations coa-
cerning the advantage or d‘lsadvanlag'e of actions, and accordingly to
regulate its cond e weak of our reason, and the avocations
arising from the infirmity and necessities of our natare, are 3o great
that very few men could ever have formed those long deductions of
reasons which show some actions to be in the whole advantageous
to the agent, and their contrarics 'pemicious The Author of nature
has much better furnished us for a virtuous conduct than our
moralists seem to imagine, by almost as quick and powerful instruc.
tions as we bave for the preservation of our bodics. He has made
virtue a lovely form, to excite our pursuit of it, and has given us
strong affections (o be the springs of each virtuous action.” ~Passing
over gha appeal to final causes involved in this and similar passages,
as well as the assumption that the *’ moral sense ** has had no growth
or history, but was * implanted " in man exactly in the condition i
which it s aow to be found among the more civilized races, an
assumption common to the systems of both Hutcheson and Butler,
it may be remarked that this use of the térm * sense ” hasa :endanz
to obscure the real nature of the proceas which goes on in an act
moral judgment, For, as is so clearly established by Hume, this act
really consists of two parts: one an act of deliberation, more or less
rolonged, resulting in an intellectual judgment; the other a reflex
Pcellng. probably i o faction at actions which we
denominate ,of dissatisfactionat those which we dentominate bad.
By the int ual part of this process we refer the action or habit
to a certain class; but no sooner is the i 1 process
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than there is excited in us a feeling similar to that which myriads of

with the attempt to disctiminate the raspective Mneu of the
pﬁnnandthj ptl ions in these is undoubtedly due to the

actions and habits of the same class, or deemed to he of the same
class, have excited in us on former occasi ow, supposing the
latter part of this process to be instantaneous, uniform and exempt
from error, the former certainly is not. All mankind may, apart from
their selfish interests, .prove that which is virtuous or makes for
the general good, but surely they entertain the most widely divergent
opinions, and, in fact, frequently arnve at directly opposite con-
clusions as to particular actions al‘ldL habits. This obvious distinction

o To a study of the writings of éhaltesbury
and Hutcheson we might, probably, in large , attribute the
unequivocal adoption of the utilitarian standard by Hume, and, if
this be the case, the name of Hutcheson connects itself, through
Hume, with the names of Priestley, Paley and Bentham. Butler's
Sermons a red in 1726, the dyur after the publication of
'l:iutchegon s two first essays, and the parallelism between the

po receding moral oms e oy

. process pi ing moral -action, nor invariably ignore it

even when treating of the moral a‘pprobation or dsapprobation which

is subsequent on action. None the less, it remains true that

Hutcheson, both by his phiraseology, and by the language 1n which he

describes the process of moral amebanon. has done much to favour
1]

* of the one writer and the * moral sense "' of the othet
Is, at least, worthy of remark.

. Mental Phii y.—~In the sphere of mental philosophy and

¢ Hutcheson's contributions are by no means so important ot

onginal as in that of moral philosophy. They are interesting mainly

as a link between Locke and the Scottish ‘school. In the former

that loose, popular view of morality which, igraning the ity of
deliberation and reflection, g ty resolves and unpre-
meditated judgments. The term ** moral sense ** (which, it may he
naticed, had already been employed by Shaftesbury, not only, as Dr
Whewell appears to intimate, in the margin, but also in the text of his
Inqusry), if invariably coupled with the term ** moral judgment,”
would be open to little objection; hut, taken alone, as designating
the complex process ol moral! a%pmbation. it is liahle to lead not
only to serious misapprehension but to grave practical errors. For,
if each man's decisions are solely the resuit of an immediate satustion
of the mora!l sense, why be at any pains to test, correct or review
them? Or why cducate a faculty whose decisions are infallible?
And how do_we account for differences in the moral deasions of
different_societies, and the observable changes in 8 man's own
views? The expression kas, in (act, the fault of most metaphorical
terms: it leads to an exaggeration of the truth which it is intended
to suggest.

But though Hutcheson usually describes the moral faculty as
acting instinctively and immediately, he does not, like Butler, con-
found the moral faculty with the moral standard. The test or
criterion of right action is with Hutch -as with Shaftesbury, its

dency to p the g | kind. He thus
anticipates the utilitarianism of Bentham—and not only in principle,
even in the use of the phrase ** the greatest happiness for the

ject the of Locke is apparent throughout. All the masn
outlines of Locke's philossphy seem, at first sight, to be accepted asa
matter of course. Thus, in stating his theory of the moral sense,
Hutcheson 1s peculiarly careful to repudiate the doctrine of innate
deas (see, for instance, Ingusry concerning Moral Good and Ewil, sect.
1 ad fin., and sect. 4; a re Symopsis Melaphysicae, pars i.
eap. 2). At the same time he shows more discrimination than does
Locke in distinguishing hetween the two uses of this expression, and
hetween the legitimate and illegitimate form of the doctrine (Syn.
AMetaph. pars i. cap. 2). Al our ideas are, as by Locke, refe to
external or internal sense, or, in other words, to sensation and re-
flection (sce, for instance, Sys. Melaph. }ms i, cap. 1; Logicas
Compend. pars i. cap. 1; System of Moral Philosophy, bk. i. ch. 1}.
It is, however, a most important modification of Locke's doctrine,
and one which Hutcheson's I philosophy with that of
Reid, when he states that the ideas of extension, figure, motion and
rest *are more properly ideas accompanying the sensations of sight
and touch than the sensations of either of these senses *; that the
idea f accomg s every thought, and that the ideas of

ber) duration and pany we‘zother idea what-
y on the Naiunre and Conduct of the Passions, sect. i.
act. 1; Sym. Huo{b. &n i. cap. 1, pars ii. cap. t; Hamilton on
Resd, p. 124, note). her important points in which Hutcheson
follows the lead of Locke are his depreciation of the importance of
the so-called laws of 't"boug!)t. his distinction hetween the primary and

soever (see

greatest number ‘' (Inguiry concerning Moral Good and Evil, sect. 3).
It is curious that Hutcl did not realize the i i y of
this external criterion with his fund: 1 ethical principle, ~In+

tuition has no possible connexion with an empirical calculation of
results, and Hutcheson in adopting such a criterion practically
denies his fundamental assumption. .

¢ with Hutct 's virtual adoption of the utilitarian
standard ma d for the

L Y q f bodies, the position that we cannot know the
inmost essences of things (* intimae rerum naturae sive essentiae "),
thouih they excite vanious ideas in us, and the assumption that ex-
ternal things are known only through the medium of idcas (Sym.
Metaph. pass i, u{). t), thoug.h. at the same time, we are assured
(_)! lbs of an world cor ding to these idecas,

be aoticed a kind of maral algebra, p
purpose of “ computing the morality of actiops. This calculus
occurs in the Inguiry concerning Moral Good and Eoil, sect. 3.
The most distinctive of Hutcheson's ethical doctrines still remzxmni
to he noticed is what has been called the  benevoleat theory ™ of
Beseve- MOrals. Hobbes had maintained that all our actions, how-
lemce. everdisguised underapparent sympathy, havetheic rootsin
3 sclf-love. Hutcheson not only maintains that benevolence
is the sole and direct source of many of our actions, but, by a not un-
natural recoil, that it is the only source of those actions of which, on
reflection, we a?pmve. Coasistently with this position, actiona which
flow {rom self-love only are pronounced to be morally indifferent.
But surely, by the common consent of civilized men, prudence,

; attempts to acc for our of the reality of
an external world by referring it t0 a natural instinct (Syn. Metaph.
parsi. cap. 1). Of the correspondence or similitude hetween our ideas
of the primary qualities of things and the things themsclves God
alone can be assigned as the cause. This similitude has been efft
by Him through a law of nature. *‘ Haec prima qualitatum prima-
riarum tio, sive mentis actio quaedam sive passio dicatur, non
alia similitudinis aut con: inter ej idcas et res i
causa assignari posse videtur, quam ipse Deus, Qui certa naturae lege
oc efficit, ut notiones, quae rebys praesentibus excitantur, sint ipsis
similes, aut saltem earum habitudines, si non veras quantitates,
depingant “ (pars li. cap. 1). Locke does speak of God " annexingh'
certain ideas to certain motions of es; but nowhere does he

temperance, cleanliness, industry, sclf-respect and, in 1, the
** personal virtues,” are regarded, and rightly regarded, as fitting
bj moral approbati is consideration could ly escape
any author, however wedded to his own system, and Hutcheson
attempts to extricate himsclf from the difficulty by laying down the
position that a man m-yjmtly regard himself as a part of the rational
.ystelﬂ.(lnd may thus *' he, in part, an object of his own henevo-

leace '’ (1bid.).~a curious abuse of terms, which real

p a theory 80 definite as that here propounded by Hutcheson,
which reminds us at Jeast as much of the speculati olz' Jebhranch
as of those of Locke.

Amongst the more important points in which Hutcheson dive:
from Locke is his account of the idea of personal identity, which
appears to have rded as made known to us directly by conscious-
ness. The distinction between body and mind, corpus or materia and

des the
3ues!ion at issue. Moreover, he acknow that, though self-love
does not merit approbation, neither, except (n its extreme forms, does
it merit condemnation, indeed the satlsfaction of the dictatesof self-
love ia one.of the very conditions of the preservation of society, To

res cogik is more emphatically accentuated by Hutcheson than
Locke. Generally, he speaks as if we had a direct consciousness
mind as distinct from body (see, for instance, Sys. Metaph. pars ii.
cap. 3), though, in the posthumous work on Moral Philosophy, he
gxpres_‘s_ly states that we w mind as we know body * by quxlitie's.

press home the d in perceived though the substance of both be unknown
would he l;juperﬂuous task. (bk. i. ch. 1), The distinction between perception proper and sensa-
The vex ﬂuestlon of li and necessity appears to be carefully | tion proper, which occurs by implication though it is not explisitly
avoided in Hutcheson's professedly ethical works. But, in_the | worked out (see Hamilton's Leciures om Metaphysics, Lect. 24:
Symopsis melaphysicae, he touches on it in three , briefly | Hamilton's edition of Dsgald Stewart's Works, v. 420), the
stating both sides of the question, b;}l evidently inclimng to that | imperfecti inary division of the | senses into five

which be designates as the opinion of the Stoics in opposition to
what he designates as the opinion of the Peripatetics. This is
wbstantiallz the same as the doctrine propounded by Hobbes and
Locke (to the iatter of whom Hutcheson refers in a note), namely,
that our will is determined by motives In conjunction with our
general character and habit of mind, and that the only true libers
13 the liberty of acting as we will. not the liberty of willing as we will,
Though. however, his leaning is clear, he carefully avoids dogmatiz-
ing. and deprecates the angry coatroversies to which the speculations
on this subject had given rise.

It is casy to trace the infuence of Hutcheson's ethical theories on
the systems of Hume and Adam Smith. The prominence given by
these writers to the analysis of moral action and moral approbation,

P the ordi
clasees, the limitation of consciousness to a special mental [aculty
(severely criticized in Sir W, Hamilton's Lectures on Metaphysics,
Lect. xii.) and the disposition to refer on disputed questions of philo-
'sophy not so much to lomlu‘l arguments as to the testimony of con-

hich H :,:l.:nur supplemented d:pl:r:'e:lo [} T: ;hh'elom" ::
w ut or rom the phil y
Locke. The last point can hardly fail 2o suggest the “ common

sense philosophy ** of Reid. .

Thus, in estimiting Hutcheson's position, we find that in particular
questions he atands nearer to Locke, but in the general spirit of his
philosopby he seems to spproach more clostly o his Scottish suce

cessors.
‘The short Compemdiym of Logic, which is more original than such
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works usually are, is remarkable chiefly for the large iot of
ycholqgimr matter which it eonlainl.y In these parts of the book

ﬁutchelon mainly follows Locke. The technicalities of the subject

are passed lightly over, and the book is readahle. It ma I}

y P
noticed that he distinguishes between the mental result and its verbal
expression [idea—term; judgn ition), that tantly
employs the word ** idea,"” and that f;e defines lo;lcal truth u_“ con-
venientia signorum cum rebus significatis ** (or °' propesitionis con:
venientia cum rebus ipsis,” Sym. Metaph. pars i. cap 3), thus im-
plicitly repudiating a merely formal view of logic. R

111" Aesthetics.—Hutcheson may further be regarded as one of
the earlicst modern writers on aesthetics. His speculations on this
subject are contained in the Isguéiry camcerning, Becr:lg, Order,
Harmony and Desigs, the of the two treatises published in 1725.
He maintains that we are endowed with a special sense by whi

mcwe beauty, harmony and pro

! which we
rtion. This is 8 reflex sense,

use jt pposes the action of the external senses of sight and
hearinﬁ; t may be called an internal sense, both in order to dis-
tinguish its perceptions from the mere perceptions of sight and

bearing, and because ' in some other affairs, where our external sensea
are not much con: , we discern a sort of beauty, very like in
many respectsto that observed in ble obj and acc jed
with like [)lmsurg " (Inguiry, &c., sect. 1), The latter reason leads
him to call atteation to the beaut)&pemdved in universal truths, in the
operations of gemeral causes and in moral pnncxgles and actions.

us, the analogy between beauty and virtue, which was so favourite
4 topic with Shaltesbury, is prominent in the writings of Hutcheson
also, Scattered up and down the treatise there are many important
and interesting abservations which our limits prevent us from

HUTCHINSON, ANNE-—HUTCHINSON, JOHN

evenby some of the ministers and magistrates, including Governor
Henry Vane. At these meetings she asserted that she, Cotton
and her brother-in-law, the Rev. John Wheelwright—whom
she was trying to.make second ** teacher ” in the Boston church—
were under a “‘ covenant of grace,” that they had a special
inspiration, a “ peculiar indwelling of the Holy Ghdst,” whereas
the Rev. John Wilson, the pastor of the Boston church, and
the other ministers of the colony were under a ’ covenant of
works.” . Anne Hutchinson was, in fact, voicing a protest against -
the legalism of the Massachusetts Puritans, and was also striking
at the authority of the clergy in an intensely theocratic community.
In such a ¢ ity a th ical controversy inevitably
was carried into secular politics, and the entire colony was
divided into factions. Mrs Hutchinson was supported by
Governor Vane, Cotton, Wheelwright and the great majority of
the Boston church; opposed to her were Deputy-Governor Jobn
Winthrop, Wilson and all of the country magistrates and
churches, At a general fast, held late in January 1637, Wheel-’
wright preached a sermon which was taken as a criticism of
Wilson and his friends. The strength of the parties was tested
at the General rt of Election of May 1637, when Winthrop*
defeated Vane for the governorship. Cotton recanted, Vane re-
turned to EnEhnd in disgust, Wheelwright was tried and banished
and the rank and file cither followed Cotton in making sub-

noticing. But to the student of mental philosopbg it may be
speciall { interesting to remark that Hutch bot| lics the
inciple of association to explain our ideas of beauty and also sets

imits to its application, insisting on there being ‘‘ a natural power
of perception or sense of beauty in objects, antecedent to all custom,
education or example " (see Inguiry, &c., sects. 6, 7; Hamilton's
Lectures on Melaphysics, Lect. % ad fin.),
Hutchesoa's writings naturally gave rise to much coatroversy.
To say nothing of minor opponents, such as *' Philaretus " (Gilbert
Burnet, already alluded to), Dr John Balguy §1686—l74.8). pre-
bendary of Salisbury. the author of two tracts on ** The Foundation
of Moral Goodness,” and Dr John Taylor (1694-1761) of Norwich, a.
minister of considerable reputation in his time {(author of 4 Examina~
‘tion of the Scheme of Moralily advanced by Dr Hulicheson), the essayy
appear to have sugfted. by antagonism, at least two works which
hom permanent place in the literature of English ethics—Butler's
Dissertation on the Nature of Virtue, and Richard Price’s Frealise of
Moral Good ond Evil (1757). In this latter work the author main.
tains, in opposition to Hutchesoa, that actions are in themselves right
or wrong, that right and wroag are simple ideas incapable of analysis,
and that these ideas are perceived immediately by the understand-
ing, We thus see that, not only directly but also ugh the replies
which it called forth, the system of Hutcheson, or at least the system
of Hutcheson combined with that of Shaftesbury, contributed, in
large measyre, to the formation and development of some of the most
important of the modern schools of ethics (see especiallyart. !;Irulcs}.
uTHORITIES.—Notices of Hutcheson occur in most histories,

of gencral hﬂosog)hy and of maral philosopby, as, for instance, in
t. vii. of Adam Smith’s T of Moral Seniiments; Mackintosh's
) Eihical Philosophy; Cousin, Cours d'hisioire de

Progress g
:higsophiolmak du XVI1I¢ sitcle; Whewell's Leciwres on the
History of Moral Pislusophy in England; A. Bain's Menial and. Morad
Science; Noah Porter's ‘g’pendlx to the English translatioa of
Uebe; ‘s History of Philosophy; Sir Leslie Stephen's History of
Englisk Thought in the Eighteenth Century, &c. also Martineay,
Types of Etfwa[ Theory (London, 1902); W. R. Scott, Francis
wickeson (Camhridge. ;900?. Albee, History of English Utilitarian-
ism (London, 1902); T. Fowler, Shafmbug and. Hulcheson (London,
1882); J. McCosh, Scettish Philosophy (New York, 1874). Of Dr
hman’s Biography of Hutcheson we have already spoken.
. Veilch gives an interesting account of his professorial work in
lasgow, Mizd, ii. 209-212. . (T.F.; X.)

HUTCHINSON, ANNE (c. 1600-1643), American religious
enthusiast, leader of the “Antipomians*” in New England,
was born in Lincolnshire, England, about 1600. She was the
daughter of a clergyman named Francis Marhury, and, according
to tradition, was 2 cousin of John Dryden. She married William
Hutchinson, and in 1634 emigrated to Boston, Massachusetts,
as a follower and admirer of the Rev. John Cotton. Her orthodoxy
was suspected and for a tirhe she was not admitted to the church,
hut soon she organized meetings among the Boston women,
among whom her exceptional ability and her services as a nurse
bad given her great influence; and at these meetings she dis-
cussed and commenied upon recent sermons and gave expression
to her own theological views. The meetings bécame increasingly
popular, and were soon attended not only by the women but

or suffered various minor punishments. Mrs Hutchinson
was_tried (November 1637) by the General Court chiefly for
‘“ traducing the ministers,” and was sentenced to banishment;
later, in March 1638, she was tried before the Boston church
and was formally excommunicated. With William Coddington
(d. 1678), John Clarke and others, she estahlished a settlement
on the island of Aquidneck (now Rhode Island) in 1638. Four
years later, after the death of her husband, she settled on Long
Island Sound near what is now New Rochelle, Westchester
county, New York, and was killed in an Indian rising in August.
1643, an’event regarded in Massachusetts as a manifestation
of Divine Providence. Anne Hutchinson and her followers
were called ** Aatinomians,” probably more as a term of reproach
than with any special reference to her doctrinal theories; and
the controversy in which she was involved is known as the
“ Antinomian Controversy.” )

See C, F. Adams, Antinomianism in the Colony of Massackusetts
Bay, vol. xiv. of the Prince Socicty Publications (Boston, 1‘?‘:‘3
:396 ;‘hue Episodes of Massachuseits History (Boston and New '

HUTCHINSON, JOHN (t615-1664), Puritan soldier, son of
Sir Thomas Hutchinson of Owthorpe, Nottinghamshire, and

Ia | ©f Margaret, daughter of Sir John Byron of Newstead, was

haptized on the 18th of September 1615. He was educated at
Nottingham and Lincoln schools and at Peterhouse, Cambridge,
and in 1637 ht entered Lincoln’s Inn. On the outbreak of the
great Rebellion he took the slde of the Parliament, and was
made in 1643 governor of Nottingham Castle, which he defended
against external attacks and internal divisions, till the triumph
of the parliamentary cause. He was chosen member for
Nottinghamshire in March 1646, took the sideof the Indcpendents,
opposed the offers of the king at Newport, and signed the death-
warrant. Though a member at first of the council of state, he
disapproved of the subsequent political conduct of Cromwell
and took no further part in politics during the lifetime of the
protector. He resumed his seat in the recalled Long Pacliament
in May 1659, and followed Monk in opposing Lambert, believing
that the former intended to maintain the commonwealth.
He was returned to the Convention Parliament for Nottingham
but expelled on the gth of June 1660, and while not excepted
from the Act of Indemnity was declared incapablc of holding
public office. In October 1663, however, he was arrested upon
suspicion of being concerned in the Yorkshire plot, and after
A rigorous confinement in the Tower of London, of which he
published an account (reprited in the Harleian Misrellony,
vol. iii.), and in Sandown Castle, Kent, he died on the t1th of
September 1664." His career draws its chlef interest from the
Life by his wife, Lucy, daughler of Sir Allen Apsley, written
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sfter the death of her husband but not published till 1806 (since
often reprinted), a work not only valuahle for the picture which
it gives of the man and of the time in which he lived, hut for
the simple beauty of its style, and the nalveté with which the
writer records 'her sentiments and opinions, and details the
incidents of her private life.

Sek the edition of Lucy Hutchinson's Memoirs of the Life of Colond
Hutckinson by C. H. Firth (138s); Brit. Mus. Add. MSS. 35,901 (a
mment of the Life), also Add. MSS. 19.03 + 36,247 . 51 Notes
e & s, 7, %er. dii. 2§, viil 422; Monk's Centemporaries, by
" HUTCHINSON, JOHN (1674-1737), English theological writer,
was born at Spennithorne, Yorkshire, in 1674. He served as
steward in several families of position, latterly in that of the
duke of Somerset, who ultimately obtained for him the post
of riding purveyor to the master of the horse, a sinecure worth
about £fz00 a year. In 1700 he became acquainted with Dr
John Woodward (1665-1728) physician to the duke and author
of a work entitled The Natural History of the Eorth, to whom he
entrusted a large number of fossils of his own collecting, along
with a mass of manuscript notes, for arrangement and publication,
A misunderstanding as to the manner in which these should
be dealt with was the immediate occasion of the publication
by Hutchinson in 1724 of Moses's Principia, part i, in which

Woodward’s Natural History was bitterly ridiculed, his conduct {

with regard to the mineralogical specimens not obscurely
characterized, and a refutation of the Newtanian doctrine of
gravitation seriously attempted. It was followed by part ii.
in 1727, and by various other works, including Moses’s Sine
Principio, 1730; The Confusion of Tongues and Trinity of the
Gentiles, 1731; Power Essensiol and Mechanical, or what power
belongs to God and what to kis creatures, in whick the design of
Sir I. Newton and Dr Samuel Clarke is laid open, x732; Glory or
Gravily, 17333 The Religion of Satan, or Antichrist- Delineated,
1736. He taught that the Bible contained the clements not qnly,
of true religion but also of all rational philosophy. He held
that the Hebrew must be read without points, and his interpreta-
tion rested largely on fanciful symbolism. Bishop George Horne
of Norwich was during some of his earlier years an avowed
Hutchinsonian; and William Jones of Nayland continued to
be so to the end of his life, .

' A complete editlon of his publications, edited by Robert Spearman
and Julil?:a,Bate. appearedll,: 1748 ‘(nl?vols. H a¥1 'Ama %efathése
followed in 1753; and a Supplement, with Life by Spearman pre-
fixed, in 1768, o
~ HUTCHINSON, SIR JONATHAN (1828- ), English surgeon
and pathologist, was born on the 23rd of July 1828 at Selby,
Yorkshire, his parents belonging to the ‘Society of Friends.
He entered St Bartholomew’s Hospital, became a member of the
Royzal College of Surgeons in 1850 (F.R.C.S. 1862), and rapidly
gained reputation as a skilful operator and a scientific inquirer.
He was president of the Hunterian Society in 1869 and 1870,
professor of surgery and pathology at the College of Surgeons
from 1877 to 1883, president of the Pathological Society, 1879~
1880, of the Ophthalmoiogical Society, 1883, of thé Neurological
Society, 1887, of the Medical Society, 1890, and of the Royal
Medical and Chirurgical in 1894~1896. In 1889 he was president
of the Royal College of Sutgeons. He was a member of two
Royal Commissions, that of 1881 to inquire into the provision
for smallpox and fever cases in the London hospitals, and that
of 18891806 on vaccination and leprosy. He also acted as
honorary secretary to the Sydenham Society. His activity
in the cause of scientific surgery and in advancing the study
of the natural sciences was unwearying. His lectures on neuro-
pethogenesis, gout, leprosy, di of the tongue, &c., were fult
of original observation; hut his principal work was connected
with the study of syphilis, on whick he hecame the first living
authority. He was the foupder of the London Polyclinic or
Postgraduate School of Medicine; and both in his native town
of Selby and at Haslemere, Surrey, he started (about 1890)
educational museums for popular instruction In natural history.
He published several volumes on his own subjects, was editor of
the quarterdly Arckives of Surgery, and was given the Hon. LL.D.

 tiom (New York, 1897).
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degree by both Glasgow and Cambridge. After his retirement
from active consultative work he continued to take great interest
in the question of leprosy, asterting the existence of a definite
connexion between this disease and the eating of salted fish.
He received a knighthood in 19o8.

HUTCHINSON, THOMAS (1711~1780), the last royal governor
of the province of Massachusetts, son of a wealthy merchant
of Boston, Mass., was born there on the gth of September ry1¥.
He graduated at Harvard in 1727, then became an apprentice
in his father's counting-room, and for several years devoted
himself to business. In 1737 he began his public career as a
member of the Boston Board of ‘Selectmen, and a few weeks
later he was elected to the General Court of Massachusetts Bay,
of which he was a member until 1740 and again from 1742 to
1749, serving as speaker in 1747, 1748 and 1749. He con-
sistently contended for a sound financial system, and vigorously
opposed the operations of-the *“Land Bank ™ and the issue of
pernicious bills of credit. In 1748 be: carried through the
General Court a bill providing for the cancellation and red
of the outstanding paper ¢urrency. Hutchinson went to England
in 1740 as the represéntative of Massachusetts in & boundary
dispute with New Hampshire. He was & member of the Massa-
chusetts Council from 1749 to- 1756, was appointed judge of
probate in 1752 and was chief justice of the superior court of
the province from 176z to 1769, was lieutenant-governor from
1758 to 1771, acting as govérnor in the latter two years, and
from 1771 to 1774 was governor. In 1754 he was a delegate
from Massachusetts to the Albany Convention,and, with Franklin,
was a ber of the ittee appointed to draw up a plan of
union. 'Though he recognized the legality of the Stamp Act
of 1765, he consideréd the inexpedient and impolitic
and urged its repeal, but his attitude was misunderstood; he
was considered by many to have instigated the passage of the
Act, and in August 1765 a mob sacked his Boston residence
and destroyed many valuable manuscripts and documents.
He was acting governor at the time of the *“ Boston Massacre ”
in 1770, and was virtually forced by the citizens of Boston,
under the leadership of Samuel ‘Adams, to otder the removal
of the British troops from the town. Throughout the pre-
Revolutionary dlsturbances in Massachusetts he was the re-
presentative of the British ministry, and though he disapproved
of some of the ministerial measures he felt impelled to enforce
them and necessarily incurred the hostility of the Whig or
Patriot element. In r774, upon the appointment of General
Thomes Gage as military governor he went to England, and
acted as an adviser to George ITI. and the British ministry
on American affairs, uniformly counsclling moderation. He
died at Brompton, now part of London, on the 3rd of June
1780, ’

He wrote A Brief Statement of the Claim of the Colonies (1764): &
Collection of Original Papers relative to the Hislory of Massackuselts
Bay (1769}, reprinted as The Huichinson Papers by the Prince
Society in 1865; and a judicious, accurate and very valuable Histor:
of the Province of Mossachusetis Bay (vol. i., 1764, vol. ii., 1767, an
wvol. iii., 1828). His Diary and S, with an Account of kis Ad-
minisiration, was published at Boston in 1884-1886.

See Jumes K. Hosmer's Life of Thomas Hutchinson (Boston, t896)
and a biographical chapter in John Fiske's Essays Historical and
Literary (New York, 1902). For an estimate of Hutchinson as an
historian, see M. C. Ty?:r’n Literary History of the American Revolu~

tion

HUTCHINSON, a city and the county-seat of Reno county,
Kansas, U.S.A., in the broad bottom-land on the N. side of

| the Arkansas river. Pop. (rgoo) 9379, of whom 414 were

foreign-hotn and 442 negroes; (igro cemsus) 16,364. It
is served by the Atchison, Topcka & Santa Fé, the Missouri
Pacific and the Chicago, Rock Island & Pacific railways. The
principal public buildings are the Federal building and the county
court house. The city has a public library, and an industrial
reformatory is maintained here by the state. -Hutchinson is
situated in a stock-ralsing, fruit-growing and farming region
(the principal products of which are wheat, Indian corn and
fodder), with which it has a conslderahle wholesale trade. An
enormous deposit of rock salt underlles the city and its vivinity,
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and Hutchinson’s principal industry is the manufacture (by
the open-pan and grainer processes) and the shipping of salt;
the city has one of the largest salt plants in the world. Among
the other manufactures are flour, creamery products, soda-
ash, straw-board, planing-mill products and packed meats.
Natural gas is largely used as a factory fuel. The city’s factory
product was valued at'$2,031,048 in 1905, an increase of 31-8%,
since 190o0. Hutchinson was chartered as a city in 5871,

HUTTEN, PHILIPP VON (c. 1511-1546), German knight,
was a relative of Ulrich von Hutten and pessed some of his
eatly years at the court of the crperor Charles V. Later he
joined the band of adventurers which under Georg Hohermuth,
or George of Spires, sailed to Venezuela, ar Venosala as Hutten
calls it, with the object of conquering and exploiting this land in
the interests of the Augsburg family of Welser. The party
landed at Coro in February 1535 and Hutten accompanied
Hohermuth aon his long and toilsome expedition into the interjor
in scarch of treasure. After thedeath of Hohermuth in December
1540 he became captain-gencral of Venczuela. Soon after this
event he vanished into the interiax, returning after five years
of wandering to find that a Spaniard, Juan de Caravazil, or
Caravajil, had been appointed governor in his absence. With
his travelling companion, Bartholomew Welser the younger,
he was seized by Caravazil in April 1546 and the two were
afterwards put to death, .

Hutten left some letters, and also a narrative of the earlier g?rt of
his adventures, this Zestung aus India Junkher Philipps von Hullen
being published in 178s. ) ) '

HUTTEN, ULRICH VON (1488-1523), was born on the 21st of
April 1488, at the castle of Steckelberg, near Fulda, in Hesse.
Like Erasmus or Pirckheimer, he was one of these men who
form the bridge between Humanists and Reformers. e lived
with both, sympathized with both, though he died before the
Reformation had time fully to develop. His life may be divided
into four parts:—his youth and cloister-life (1488-1504); his
wanderings in pursuit of knowledge (1504~3515); his strife
with Ulrich of Wiirttemberg (z515~1519); and his connexion
with the Reformation (i519~1523). Each of - these periods
had its own special antagonism, which coloured Hutten’s career:
in the first, his horror of dull monastic routine; in the second,
the ill-treatment he met with at Greifswald; in the third, the
crime of Duke Ulrich; in the fourth, his disgust with Rome
and with Erasmus. He was the cldest son of a poor and not
undistinguished knightly family. As he was mean of stature
and sickly his father destined bim for the cloister, and he was
sent to the Benedictine house at Fulda; the thirst for learning
there scized on him, and in 1505 he fled from the monastic life,
and won his frecdom with the sacrifice of his worldly prospects,
and at the cost of incurring his father’s undying anger. From
the Fulda cloister he went first to Cologne, next to Erfurt, and then
to Frankfort-on-Oder on the opening in 1506 of the new university
of that town., For a lime he was in Lcipzig, and in 1508 we find
bim a shipwrecked beggar on the Pomeranian.coast. In r509
the university of Greifswald welcomed him, hut here too those
who at first received him kindly became his foes; the sensitive
ill-regulated youth, who took the liberties of genius, wearied
his burgher patrons; they could not brook the poet’s airs and
vanity, and ill-timed assertions of his higher rank. Wherefore
he left Greifswald, and as he went was robbed of clothes and
books, his only bhaggage, by the servants of his late. friends;
in the dead of winter, FRIf starved, frozen, penniless, he reached
Rostock. Here. again .the Humanists received him gladly,
and under their protection he wrote against his Greifswald
patrons, thus beginning the long list of his satires and fierce
attacks on personmal or public foes. = Rostock could not hold
him long; he wandered on to Witfenherg and Leipzig, and
thence to Vienna, where he hoped to win the emperor Maximilian's
favour by an claborate national poem on the war with Venice.
But neitber Maximilian nor the university of Vienpa would
lift 8 hapd for him, and he passed into Italy, where, at Pavia,
bhe sojourned throughout 151z and part of 1512, In the latter
year his studics were interrupted by war; in the sicge of Pavia
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by papal troops and Swiss, he was plundered by both sides,
and escaped, sick and pennik to Bologma; oa hi y
be even took service #s a private spldier in the emperor’s army.

This dark period lasted no long time; in 1514 be was agaia
in Germany, where, thanks to his poetic gifts and the friendship
of Eitelwolf von Stein (d. 1515), he won the favour of the electar
of  Mainz, Archbishop Albert of Brandenburg. Here high
dreams-of a learned career rose on him; Mainz should be made
the metropolis of a grand Humanist movement, the centre of
good style and literary form. But the murder in 1515 of his
relative Hans von Hutten by Ulrich, duke.of Wirtitemberg,
changed the whole course of his life; satire, chief refuge of the
weak, became Hutten’$ weapon; with one hand he took his
part in the famous Epistoloe obscwrorum virorum, and with
the other launched scathing letters, eloquent Ciceronian orations,
or biting salires against the duke. Though the empcror was
too lazy and indifferent to smite a great prince, he took Hutten
under his protection and bestowed on him the honour of a
laurcate crown in 15r7. Hutten, who had meanwhile revisited
Italy, again attached himsclf to the electoral court at Mainz;
and be was there when in 1318 his friend Pirckheimer wrote,’
urging him to abandon the court and dedicate himsclf to letters,
We have the poet’s long reply, in an epistle on his “ way of life,”
an amusing mixture of earnestness and vanity, self-satisfaction
and satire; he tells his friend that his carcer is just begun,
that he has had twelve years of wandering, and will now enjoy
himself a while in patriotic literary work; that he has by no,
means deserted the humaner studics, but carries with him’
a little library of standard books. Pirckheimer in his burgher
life may have ease and even luxury; he, a knight of the empire,
how can he condescend to obscurity? He must ahide where
he can shine. ’

In 1519 he issued in one volume his attacks on Duke Ulrich,
and then, drawing sword, took part in the private war which
overthrew that prince; in this affair he became intimate with

| Franz von Sjckingen, the champion of the knightly order
[ (Ritterstand), Hutten now warmly and openly espoused the
 Lutheran cause, but he was at the same time mixed up in the’
"attempt of the “ Ritterstand ” to assert itself as the militia

of the empite against the independence 6f the German princes.

f Soon after this time he discovered at Fulda a copy of the mani.'

festo of the emperor Henry IV. against Hildebrand, and published

it with comments as an attack on the papal claims over Germany.
' He hoped thereby to interest the new emperor Chatles V., ard
f the higher orders in the empire, ip-behalf of German libertics;

but the appeal failed. What Luther had achieved by speaking
to citics and common folk in homely phrase, because he touched
heart and conscience, that the far finer weapons of Hutten failed
to effect, because he tried to touch the more cultivated sympathics
and dormant patriotism of princes and. bishops, nohles and
knights. And so he af once gained an undying name in the
republic of letters and ruined his own career. He showed that
the artificial verse-making of the Humanists could be connected
with the new outburst of genuing German pqctry. The Minne-,
singer was gone; the ncw national singer, a Luther or a Hans
Sachs, was heralded by the stirring lines of Hutten’s pen. These
have in them a splendid natural swing and ring, strong and
patriatic, though unfortunatcly addressed to knight and lands-
knecht rather than to the German pegple, o

The poet’s high dream of a knightly national regeneration.
had a rudeawakening. Theattack on the papacy, and Luther's
vast and sudden popularity, frightened Elector Albert, whe
dismissed Hutten from his court. Hoping for impcrial favoue,.
he betook himsclf to Charles V.; hut that young prince would
have pone of him. So he returned to his {riends, and they’
rejoiced greatly to see him still alive; for Pope Leo X. had
ordered him to be axrested and seat to Rome, and assassing
dogged his steps. He now attached himself more closcly to
Franz von Sickingen and the kuightly movement. 'This also
came to a disastrous end in the capture of the Ebernberg, and
Sickingen’s death; the higher nobles had triumphed; -the
archhishops avenged themaclves on Lutheranism as interpreted,
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by the knightly order. With Sickingen Hutten also finally fell.
He fled to Basel, where Erasmus refused to see him, both for
fear of his loathsome diseases, and also because the beggared
knight -was sure to borrow mouey from him. A paper war
consequently broke out between the two Humanists, which
embittered Hutten'’s last days, and stained the memory of
Erasmus. From Basel Ulrich dragged himself to Miilhausen;
and when the vengeance of Erasmus drove him thence, he went
to Zurich. There the large heart of Zwingli welcomed him;
he helped him with money, and found him a quiet refuge with
the pastor of the little isle of Ufpau on the Zurich lake. There
the frail and worn-out poet, writing swift: satire to the end, died
at the end of August or beginning of September 1523 at the
age of thirty-five. He left behind him samé debts dus to com-
passionate friends; he did not even own a single book, and
all his goods amounted to the gothes on his back, a hundle
of letters, and that valiant pen which had fought se many
a sharp battle, and; had won for the poor knight-errant s sure
place in the annals of literature, - - - . '

. Ulrich von Hutten is one of those men of genius 2t whom
propricty is shocked, and wham the mean-apirited avoid. Yet
through his short and bufieted life he was befriended, with
wonderful charity and patience, by the chief leaders of the
Humanist movement. For, in spite of his irritable vanity,
his immoral fife and habits, his odious diseases, his painful
restlessness, Hutten had mwuch in him that strong men could
love. He passionately loved the truth, and was ever open
to all good influences. He was a patriot, whose soul soared
to ideal schemes and a grand utopian restoration of his country.
In spite of all, his was & frank and noble nature; his faults chiefly
the faults of genius ill-centrolled, and of a life cast in the eventful
changes of an.age of novelty. A swarm of writings issued from
his pen; at first the smooth elegance of his Latin prose and verse
seemed gtrangely to miss his real character; he was the Cicero
and Ovid of Germany before he became its Lucian.

1%
Heidelberg and Jena. In 1594 he began to give theological
lectures at Jena, and in 1596 accepted a call as professor of
theology at Wittenberg, where he died on the 23rd of October
1616. Hutter was a stern champion of Lutheran orthodoxy,
as set down in the confessions and embodied in his own
Compendium locorum theologicorum ~ (1610; reprinted 1863),
being so faithful to his master as to win the title of “ Luther
o o dolt Hospinian's Concordia dis he.
un reply to Ru nian’s g discors (1 5

5wy i Bt matal ot e e i el
Concordia concars (1614), defending the formula of Concord, which
he regarded a- inspirta. His Irenicum vere christiauum is divected
a{din&l David Pareus (1§48-1622), professor primarius at Heidelberg,
who usione et synodo

in Irentcims stve Evangelicorum 9614) had
plcadcd for a nciliation .of Luth 1 and Calvinismt his
Calvinista anlspofiticus (1610) was wri i * bl

Calvinism "' which was becoming prevalent in Holstein and Brand
butz. Another work, based on the formula of Concord, wis entitled
Lec: cooinini i theologick. B ’

"HUTTON, CHARLES (r737-1823), English mathématician,
was born st Newcastle-on-Tyne on the r4th of August 1737.
He' was educated in a school at Jesmond, kept by Mr Ivison,
a clergyman of the church of England. There is reason to belicve,
on the evidence of two pay-bills, that for a short time in 1755
and 1756 Hutton worked in Old Long Benton colliery; at any
rate, on Ivison's promotion to a living, Hutton succeeded to
the Jesmond school, whence, in quence of increasing pupils,
he removed to Stote’s Hall. While he taught during the day
at Stote's Hall, he studied mathematics in the evening at a
school in Newcastle. In 1760 he married, and began tiition
on a larger scale in Newcastle, where he had among his pupils
John Scott, afterwards Lord Eldon, chancellor of England.
In 1764 he published his first work, The Schoolmaster’s Guide,
or & Complete System of Practical Arithmetic, which In 1770
was followed by his Trealise on Meénsuration Botk in Theory and
Practice. In 1772 appeared a tract on The Principles of Bridges,
suggested by the destruction of Newcastle bridge hy a high
flood on the 17th of November 1771. In 1773 he was appointed

¢ His chief works were his Ars versificands (1511): the Nemo (1518);
a work on the Morbus Galljeus (1519); the vol of Steckelberg
complainn against Duke ﬁlrich (including his four Ciceronian
Orations, hls Letiers and the Phalarismus) also in 1519 ; the Vadismus
gesnzo); and the t sy with E at the ‘end of his life.
ides these were many admirable poems in Latin and German.
It is not known with certainty how far Hutten was the parent of the
celebrated Bpistolae obscurorum virorwm, that famous satire on
monastic_ignorance as represented by the theologians of Cologne
with which the friends of Reuchlin defended him. At first the
clotster-world, not discerning its frony, welcomed the work as a
defence of their posivion; though their eyes were soon opened by
the favour with which the learned world reccived jt. The Epistolae
were eagerly bought up: the first part (41 letters) appeared at the
end of 1585: early in 1516 there was a sccond edition; later in 1516
a third, with an appendix of seven lctters; in 1517 ap the
second part (62 letters), to which a fresh appendix of eight letters
was subEincd soon after. In t the Latin text of the Epistolae
with an English translation was published by F. G. Stokes. Hutten,
in a letter addressed to Robert Croces, denicd that he was the author
of the book, but there is no doubt as to.his connexion with it.
Erasmus was of opinion that there were three authors, of whom
Crotus Rubianus was the originator of the idea, and Hutien a chief
contributor. D. F. Strauss, who dedicates to the subject a chapter
of his admirable work on Hutten, concludes that he had no share in
the frat part, but that his hand is clearly visible in the second part,
which he attributes in the main to him. To him is due¢ the more
serious and severc tone of that bitter portion of the satire, Sec
W. Brecht, Die Verfasser der Epistolae obscurorum virorum (1904).
Fora eomplete mralogueof the writings of Hutten, sce E. Bécking's
I Bsbliographicus H 7 (1858). Bocking Is also the editor
of the complete edition of Hutten's works g vols., 18s0-1862). A
selection of Hutten's German writings, edited by G. Balke, appeared
in 1891. Cp. S. Szamatolski, Hultens deutsche Schriften (1891).
best biography fthough it is also somewhat of a political
pamphlet) is that of D. F. Strauss (Ulrick vom Hutten, 1857;
ed., 1878; English translation by G. Sturge, liza). th
which may compared the older monographs bx A. Wagenseil
1823). A. Birck m.(b) and J. lellcl"w&aris. 1B49). Sce also
. Deckert, Ulrich von Huitens Leben und Wirken. Eine Mstorische
Skizse (§901). , (G. W.K.)
HUTTER, LEONHARD (1563-1616), German Lutheran

theologian, was boro at Nellingen near Ulm in January 1563.
From 1581 he studied at the universitics of Strassburg, Leipzig,

of math ics at the Royal Military Academy,

'rWoolwich, and in the following year he was elected F.R.S. and

reported on Nevil Maskelyne’s determination of the mean density
and mass of the earth from measurements taken in 1774-1776 at
Mount Schiehallion in Perthshire. This account appeared in the
Philosophical Tran for 1778, was afterwards reprinted
in the second volume of his Tracts on Mathematical and Philo-
sophical Subjects, and procured for Hutton the degree of LL.D.
from the university of Edinburgh. He was elected foreign

‘secretary to the Royal Society in 1779, hut his resignation in

1783 was brought about hy the president Sir Joseph -Banks,
whose ‘behaviour to the wmathematical section of the society
was somewhat high-handed (see Kippis's Observations on the
late Comlests ém the Royal Society, London, 1784). After his
Tables of the Products and Powers of Numbers, 1781, and his
Mathematical Tables, 1785, he issued, for the usc of the Royal
Military Academy, in 1787 Elements of Conic Sections, and in 1798
his Cowrse of Mathematics. His Mathemalical and Philosophical
Dictionary, a valuable contribution to scientific hiography,
was puhlished in 1795 (2nd ed., 1815), and the four volumes of
Recreations in Mathematics and Natural Philosophy, mostiy a
translation from the French, in 1803. One of the most laborious
of his works was the ahridgment, in conjunction with G. Shaw
and R. Pearson, of the Philosophical Transaclions. This under-
taking, the mathematical and sciemtific parts of which fell to
Hutton’s share, was completed in 1809, and filled eighteen
volumes quarto. His name first appears in the Ladies’ Diory
(a pottical and mathematical almanac which was begun in
1704, and lasted till 1871) in 1764; ten years later he was
appointed editor of the almanac, a- post which he retained tiil
1817. Previously he had begun & small periodical, Miscellonea
Matkematica, which extended only to thirteen numbers; subse-
quently he published in five volumes The Digrian Miscellany,
whiclr contained large extracts from the Diary. He resigned:
his professorship in 1807, and died on the 27th of January 1823.°

.See John Brucs, Charles Huton (Newcustle, 1823). : !
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HUTTON, JAMES (1726-1797), Scottish geologist, was bora
in Edinburgh un the 3rd of June 1726. Educated at the high
school and university of his native city, he acquired while a
student a passionate love of scientific inquiry. He was ap-
prenticed to a lawyer, but his employer advised that a mare
congenial profession sheuld be chosen for him. The young
appreatice chose medicine a8 beiog nearest akin. to his favourite
pursuit of chemistry. He studied for three years at ‘Edinburgh,
and completed his medical education in Puris, returning by
the Low Countries, and taking his degrée of doctor of medicine
at Leiden in 1749. Finding, bowever, that there scemed hardly
any opening for him, he abandoned the medical profession,
and, having mhented 8 small | property in Berwickshire from
his [athcr, lved if to agricuiture. ‘He then
went to Norfolk to learn the ‘practical work of farming, and
subsequently travelled th Holland, Belgium and the north
of France. During these yecars he begu.n to study .the: surface
of the earth, gradually slmpm{l in his mind- the prablem
to which he alterwatds devoted is energics. In the summer
of 754 he established himsclf on his own farm in Berwickshire,
wheré he resided for fourtecn years, and where he introduced
the most improved forms qf husbandry. As the farm was
brought into excellent order, and as {ts management,; becoming
mote easy, grew less intercsting, he was induced to et it, and
establish himself for tbe rest of his Jife in Edinburgh. This took
place about the year )768. He was uamarried, and from this
period until his death in 1797 he lived with his three sisters.
Surrounded by congenial literary and scientific friends he
devoted himself ta research.

At that time geology in amy proper sense of the term did
not exist. Mineralogy, however, had made considerable progress.
But Hutton had canceived larger ideas than were entertained
by the mineralogists of his day. He desired to trace back the
origin of the various minerals and rocks, and thus to arrive
at some clear understanding of the history of the carth. For
many years he continued to study the subject. At last, in the
spring of the year 1785, he communicated his views to the
recently -established Royal Society of Edinbutgh in a paper
entitled Theory o] the Earllx, or an Inum(ulwu of the Lows
Observable in the Comp i
Land spon the Globe. Ia this nemnrkable work the doctrine
is expounded that geology is not cosmogony, but must confime
itsell to the study of the materials of the earth; that everywhere
evidence may be secn that the present tocks of the earth's
surface have becn in great part formed out of the waste of older
rocks; that these materials having been laid down under the
sea were there consolidated under great pressure, and. were
subsequently disrupted and upheaved by the expansive- power
of suhterrancan heat; that during these convulsions veins
and masses of molten rock were injected into the rents of the
dislocated strata; that every pomon of the upraised land,
as soon a8 exposed Lo the atmospbere, is subject to decay; and
that this decay must tend to advance until the whole of the
land has been worn away and laid down on the ses-floor, whence
future upheavals will once more raise the consolidated sediments
into new land. In some of these broad and Lold generalizations
Hutton was anticipated by the Italian geologists; but to him
belongs the credit of having first perceived their mutual relations,
and combined them in & luminous coherent theory based upon
observation.

It was not merely the earth to which Hutton directed his
attention. He had long studied the changes of the atmosphere.
The same volume in which his Theory of the Earth appeared
contained also a Tlneory of Ragin, which was read to the Royat
Society of Edinburgh in 1784. He contended that the

end Restoration of | book di
.scrved.  Happily for sch

HUTTON, ].—HUTTON, R. H.

air on the one hand, and the canses which promote mixtures
of different aerial currents in the higher atmosphere on
the other.

The vigour and vematility of his genius may be understood
from the variety of works which, during his thirty years’ residence
in Edinburgh, he gave to the ‘world. In 1792 he published a3
quarto volume entitled Disseriations on different Subjects in
Naixral Philosopky, in which he discussed the nature of matter,
fluidity, cohesion, light, heat and electricity. Some of thue
subjects were further illustrated by: him in papers read before
the Royal Society of Edinburgh. He did not restrain himsell
within the domain of physics, but boidly marched into that of
metaphysics, publishing thiee: quarto ‘volumes with the title
An Investigotion of the Principles of Rnowledge, and of the Progress
of Reassw—from Sense to Stience ond Philosophy. In this work
he developed the ‘idea that ‘the external world, as conceived
by us, is thecyeation of our own minds influenced by impressions
from without, that fhere.Js no rescmblance between our picture
of the outer world and the reality, yet ¢hat the impressions
produced upon our minds, being constant and consistent, betome
28 Anuch realities to us as if they precisely resembied thingy
sctually existing, and, thercfore, that our moral conduct must
remain the same 25 if our ideas perfectly corrésponded to the
causes producing them. His closing years were devoled to the,
extension and republication of his Theory of the Earth, of which
two volumes appeared in 179s. A third ‘volume, necessary
to complete the work, was left by him in manuscript, and is
referred to by his biographer Jobn Playfair. A portion of the
MS. of. this volume, which had been given to the Geologital
Society of London by Leonard Horner, was published by the

| Socicty in 1899, under the cditorship of: Sir A. Geikie. The

rest. of the manuscript appears to be lost. Soon: afterwards

' Hutton get to work to collect and systematize -his numerous

writings on husbandry, which he proposed to publish under
the title of Elements of Agriculiure. ‘He had nearly completed
this labour when an incurable disease brought his active carecr
to a close on the 26th of March xL 5
it is by his Theory of Uw Earth that Hutton will be remembered .
with revercnce while ‘geology continues to Be cultivated. The
author's style, however, being somewhat heavy and obecure, the
d not attract during lu!-{ hll;:ume 20 muck ltmlw:;: it de.
ulton among .
{;ohn Pla f:ur (qv ) professor of mathematics in _the university of
{ whosc enthusiasm for the spread of Hutton's doctrine
was combined with a rare gift of grac&{“i and luminous tion.
Five years ahier Hutton’s death hed a volume, Jusirations
of the Iuttonian Theory of the Earlh. in which he gave an admirable
summary of that theory, with numerous addmo ﬂluumtiom and
rq) uments. This work is justly regarded as one of the classical con-
tributions to geoloy ﬁncal hlcraturc. To its mﬂuence much of the
sound progress of British geology must be asci’bed. 1a the year
1805 a biographical account of Hutton, wntten by. Playfair, was
ubl )llshed in vol. v. of the Tmn.mdmu of the Royal Socied: GBJ):--
urg B,
HUTTON, RICHARD HOL'I' (1836-1807), English writer
and theologian, son of Joseph Hutton, Unitarian minister at
Leeds, was born at' Leeds on the 2nd of June 1826, His famlly
removed to London in 1835, and he was educated at University
Callege School and University College, where he began a lifelong .
friendship with Walter Bagehot, of whose works he afterwards
was the editor; he took the degree in 1845, being awarded the
gold medal for philosopby. Meanwhile he had also studied
for short periods at Heidelberg and Berlin, and in 1847 ke entered
Manchester New College with the idea of becoming a minister
like his father, and studied there under James Martineau,
He did not, however, succeed in obtaining a call to any church,
and for some little time his future was unsettled. He married
in 1851 his cousin, Anne Roscoe, and became joint-editor with

of moisture which the air can retain in solution increases with
augmentation of temperaturc, and, therefore, that on the
nixture of two masses of air of different temperatures a portion
of the moisture must be condensed and appear In visible form.
He investigated the available data regarding rainfall and climste
in different regions of the globe, and came to the conclusion
that the rainfall is everywhere regulated by the humidity of the

J. L. Sanford of the Ingwiver, the principal Unitadan organ.
But his innovations and his incouventional views about stereo-
typed Unitarian doctrines caused alarm, and in 1853 he resigned.
His health had broken down, and he visited the West Indies,
where his wife died of yellow fever. In 1855 Hutton and Bagehot
became jbint-editors of the National Revlet, a new monthly,
and eonducted it for ten years. During this time Hutton’s
theological views, influenced largely by Coleridge, and more
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digectly by F. W, Robertson and F. D. Maurice; gradually
approached more and more to those of the Church of England,
which he ulunmtely joined. His interest in theology was

found, and he brought to it & spirituality of outlook and
an npmnde for physical i and exposition which
added 2 singular attraction to hummunﬁ. In 1861 he joined
Meredith Townsend as joint-editor and part proprietor of the
Spectalor, then a well-known liberal weekly, which, bowever,
was not remunerative from the business peint of view. Hutton
took charge of the literary side of the paper, and by degrees
his own articles became and remained up to the last ope of the
best-known features of serious and thoughtful English journalism.
The Spectalor, which gradually became & prosperous propmy\
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machines,” His -curiosity in this diroction was nearly fatal;
& posi-mortem he was taken to between thirteen and fourteen
was followed hy an illness which seems to have been the starting-
point of the ill-bealth which pursued him all through hfe. At
fifteen be devoured Sir William Hamilton’s Logic, and thus
acquired the taste for metaphysics, which he cultivated to the
end. At seventeen he came under the influence of. Thomas
Carlyle’s writings. Fifty. years later he wrote: “To make
things clear and get rid of cant and shows of all sorts. This
was the lesson I learnt from Catlyle's books when I was a boy,
and it has stuck by me all my life *’ (Life, ii. 268). Incidentally
they led him to begin to leam German; he had already acquired
French. At seventeen Huxley; with bis elder brother James,

was his pulpit, in which unwurymgly he gave i
his views, pasticulatly on literary, religious and
subjects, in opposition to the agnostic and rationalistic opnmons
then current inintellectual circlés; as popularized iy Huxley.
A man of fearless honeny, qmck and catholic saympathies, broad
culture, and. many friends in intellectual and. religious circles,
he became one of the.most influential journalists of the day,
his fine character and conscience earning universal respect and
confidence. He was .an original .member of the Metaphysical
Society (1869). He was an anti-vivisectionist, and a member
of the royal commission- (1875) on that subject. In 858 he
had masried-Eliza Roscoe, a cousin of his first wifes she died
eatly in 1897, and Hutton’s.own death followed on the oth of
September of the same year.

mong his other publications may be mentioned Essays, Theo-
logical and Lilerary. (18;_ revised 1888), and Criticisms on Con-
temporary Thought and Thinkers (1894): and his opinions may be
studied compendiously in the selections from his Spectator articles
ggbh:l]:‘ed in 1899 under the title of Aspects of Religions and Scientific

HUXLEY, THOMAS HENRY (1825-1895), English bialogist,
was born on the 4th of May 1825 at Ealing, where his father,
George Huxley, was senior assistant-master in the schook of
Dr Nicholas. This was an establishment of repute, and is at
any rate remarkahle for having produced two men with so
little in common in after life as Huxley and Cardinal Newman.
The cardinal's brother, Francis William, had been *’ captain”
of the school in 1821. “Huxley was a seventh child (as his father
had also been), and the youngest who survived infancy. Of
Huxley’s ancestry no more is ascertainable than in the case
of most middle-class families. He himself thought it sprang
{rom the Cheshire Huxleys of Huxley Hall. Different branches
migrated south, one, now extinct, reaching London, where its
members were apparent]y engaged in commerce, They estah-
lished themselves for four generations at Wyre Hall, ncar
Edmonton, and one was knighted by Charles II. Huxley dnscnbes
his paternal race as “ mainly Iberian mongrels, with a good
dash of Norman and a little Saxon.””! From his father he thought
he derived little except a quick temper and the artistic faculty
which proved of great service to him and reappeared in an even
more striking degree in his daughter,.the Hon. Mrs Collier.
“ Mentally and physically,” he wrote, “I am a piece of my
mother.” Her maiden name was Rachel Withers. *‘ She came
of Wiltshire people,” he adds, and describes her as *“ a typical
example of the Iberian variety.” He tells us that * her most
distinguishing characteristic was rapidity of thought. . . That
peculiarity has been passed on to me in fall strength " (Essays, i.
4). One of the not least striking facts in Huxley's life is that
of education in the formal sense he received mone. *“I.had
two years of a pandemonium of a school (between eight and
ten), and after that neither help nor sympathy in any intellectual
direction till I reached manhood ” (Life, ii. 145). Adter the
death of Dr Nicholas the Ealing school broke up, and Huxley’s
father returned about 1835 to his native town, Coventry, where
he had obtzined a small appointment. Huxley was left to
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his own devices; few histories of boyhood could offer any |
parallel. At twelve he was sitting up in bed to read Hutton’s |

Gulo‘y His great desire was to be a mechanical engineer;
it ended in his devotion to “ the mechanical enginsesing of living

1 Natwre, Ixiii. 12y.
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ed regular medical studies at Charing Cross Hospital,
where they bad-both obtained scholarships. He studied undex
Wharston Jones, a phiysiologist who, nevér scems to have attzined
the reputation he' deserved. Huxley said of him: I do ndt
know that ¥ ever felt so much respeet for a teacher. before or
since " (Life,i. 20). Attwenty he passed his first M.B. examina-
tion at the Univetsity of London, winning the gold medal for
anatomy and physielogy;. W. H. Ransom, .the well-khown
Nottingham -physician, obtaining the exhibition. - In. 843
be published, at the suggestion of Wharton Jones, his first
scientific paper, demonnntin; the existence ‘of a hitherto
unrecognized lnyet in the inner sheath of hairs, a layer that
has been known since as " Huxley's layer.” -

'Something bad to be done for a livelihood, and at the s\lgg&
tion of a felow-student, Mr (afterwards Sir Joseph) Fayrer, he
apphod for an appointment in the navy. He passed the necessary
examination, and at the same time obtained the qualification of
the Royal College of Surgeons. He was ™ entered on the books
of Nelson’s old ship, the ‘ Victory,’ for duty at Haslar Hospital.”
Its chief, Sir John Richardsan, who was a well-known Arctic
explorer and naturalist, recognized Huxley's ability, and pro-
cured for him the poat of surgeon to H.M.S. * Rattlesnake,”
about to start for surveying work in Torres Strait. The com-
mander, Captain Owen Stanley,. was a son of the bishop of
Norwich and brother of Dean Stanley, and wished for an officer
with some scientific knowledge. Besides Huxzley the * Rattle-
snake ” also carried a naturalist hy profession, John Macgillivray,
who, however, beyond a dull narrative .of the expedition, ac-
complished nothing. The “ Rattiesnake ” left England on the
3rd of December 1846, and was ordered home after the lamented
death of Captain Stanley at Sydney, to be paid off at Chatbam
on the gth of November 18s0. The tropical seas teem ‘with
delicate surface-life, and to the study of ‘this. Huxiey devoted
himself with usremitting devotion. At that time no known
methods existed by which it could be preserved for study in
museums at home. He gathered a magnificent harvest in
the almost unreaped field, and the conclusions he drew from
it were the beginning of the revolution in zoological science
which he lived to see accomplished.

Baron Cuvier (1769-1832), whose classification stifl held
its ground, had divided the animal! kingdom into four gren
embranchements. Each of these corresponded to an independ
archetype, of which the “idea” had existed in the mind of
the Creator. There was no other connexion between these
classes, and the “ideas” which animated them were, as far
as one can see, arbitrary. Cuvier's groups, without their
theoretical basis, were accepted by K. E. von Baer (1792~1876).
The *“idea ™ of the group, or archetype, admitted of endless
variation -within it; hut this was subordinate to
oonfonmty with the archetype, and hence Cuvier deduced the
important principle of the * correlation of parts,” of which
he made such conspicuous use in palaeontological reconstruction.
Mennwhile the « Nalurphilosophen,” with J. W. Goethe (1749~
1832) and L. Oken (1779-1851), had in efiect grasped the under-
lying principle of correlation, and so far anticipated evolution
by asserting the possibility of deriving specialized from simpler
structures. Though they were still hampered by idealistic
conceptions, they established morphology. Cuvier'’s four great
groups were Vortebrata, Mollusca, Articulata and Radiata.
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It was amongst the members of the last class that Huxley found
most. material ready to his hand in the seas of the tropics. It
included organisms of the most varied kind, with nothing more
in common than that their parts were more or less distributed
round a centre. Huxley sent home *communication after
communication to the Linnean Society,” then a somewhat
somnolent body, ' with the same result as that obtained by
Noah when he seat, the raven out of the ark ”’ (Essays, i. 13).
His important paper, On the Anatomy and the Affinities of the
Family of Medusae, suet with a better fate.' It wds communicated
by the hishop of Nomch to the Royal Sodety. and printed
by it in the Phil i Tr i in 1849. Huxley
united, with the Muduue, the Hydvoid and Sertularian polyps,
to forrh 2 class €0 whichb he subsequently gave the name of
Hydrozoa. This alone was no inconsiderable feat for a young
surgeon who had only bad the training of the medical school.
But the ground on which it was done has led to far.reaching
theoretical developments. Huxley realized' that sometbing
more than superficial characters were nocessacy in determining
the affinities of animal organisms. He found that all the members
of the .class consisted of two membranes enclosing a central
cavity or stomach. This iy characteristic of what are now
called the Coelenterata. All animals higher than thess have
been termed Coelomata; they possess a distinet. body-cavity
in addition to the stomach. Huxley weut (urther than this,
and the most profound suggestion in his paper is the comparison
of the two layers with those which appesr in.the germ of the
higher animals. The consequences which have flowed from
this prophetic generalization of the actoderm and endoderm are
familiar to every student of evolution. The conclusion was
tbe more remarkable as at the time he was not merely free
from any evolutionary belief, hut actually rejected it. The
value of Huxley's work was immediately recoguized. On
returning to England in 1850 he was elected a Fellow of the Royal
Society. In the following year, at the age of twenty-six, be not
merely received the Royal medal, but was elected on the council.
With ahsolutely no aid from any one he had placed himseif
in the front rank of English scientific men. He secured the
friendship of Sir J. D. Hooker and John Tyndall, who remained
bis lifelong friends. The Admiraity ined him as a inal
assistant-surgeon, in order that he might work up the observations
be had made during the voyage of the ” Rattlesnake.” He was
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evolution in its widest' senise (Life, i. 168). He could not bring
himself to acceptance of the theory~owing, no doubt, to his
rooted aversion from 4 priori reasoning—without a mechanical
conception of its mode of operation. In his frst Interview
with Darwin, which seems to have been about the same time,

-he expressed his belief * in the sharpness of the lines of demarcas

tion between natural groups,” and was received with a humorous
smile (Life, i. 169).

The naval medical service existe l'or practical purposes. It
is not surprising, therefore, that after his three yeass' nominal
employment Huxley was ordered on active service. Though
without private means of any kind, he resigned. The navy;
however, retains the credit of baving started his scientific carect
a3 well as that of Hooker and Darwin. - Husley was now thrown
bn his own resources, the immediate prospacts of which were
slender enough, As a matter of fact, he had not-to wait many
moaths. His lnend. Edward Forbes, was appointed tothe chalr
of natural histery in- Edinblurgh, and in July 1854 he succveded
bim as lectuver at the School of Mines and as naturalist to the
Geological Survey in the following year. The latter ‘post be
hesitated at first to accept, as be * did not care for fossils™
(Essays, 5. 15). In 1855 he married Miss H. A. Heithorn, whose
acquaintancs he had made in Sydney. They wers engaged
when Huxley could offer aothing but the future promise of hls
ability. The confidence of his d d hel ‘was not mis-
placed, and ber afiection sustained him to the end, after she
had seen him the recipient of every honour which English science
could bestow. His most important research belonging to this
period was the Croonian Lecture delivered before the Rayal
Society in 1858 on " The Theory of the Vertehrate Skull.”
In this he completely and finally demolished, by applying as
before the inductive method, the idealistic, if in some degree
evolutionary, views of its origin which Owen had derived from
Gotthe and Oken. This finally disposed of the * archetype,”
and may be said once for all to have liberated the English
anatomical school from the deductive method.

In 1859 The Origin of Species was published. This was a
momentous event in the history of science, and not least for
Huxley. Hitherto he had tumed a deaf ear to evolution. *1
took my stand,” he says, © upon two grounds: firstly, that . .
the evidence in favour of transmutation was wholly insufficient;
and secondiy, that no suggestion respecting the causes of the

thus enabled to produce various important m Ity
those on cerwn Ascidians, in which he solved the problcm
of Appendi ism wbose place in the animal
kmgdom Johannu Mul.ler bad found himself wholly unahle
to assign—-and on the morphology of the Cephalous Mollusca.
Richard Owen, then the leading comparative anatomist in
Great Britain, was & disciple of Cuvier, and adopud largely from
him tbe deductive explanation of al fact from idealistic
conceptions. He dded the evolutionary theories of
Oken, which were equnlly idealistic, but were nltogether re.
pugnant to Cuvier. Huxley would have none of either. Imbued
with the methods of von Baer and Johannes Miiller, his metbods
were putely inductive. He would not hazard any statement
beyond what the facts revealed. He retained, however, as has
been done by his successors, the use of archetypes, though they
no jonger represented fundameatal “ ideas " but generalizations
of the essential points of structure common to the individuals
of each class. He had not wholly freed himself, however, from
archetypal trammeis. © The doctrine,” he says, * that every
natural group is organized after a definite archetype .. . . seems
to me as important for zoology as the doctrine of definite pro-
portions for chemistry.” This was in 1853. He fuxther stated:
* There is no progression from a fower to a higher type, but
merely a more or less complete evolution of one type ” (Phil.
Trans., 1853, p. 63). As Chalmers Mitchell points out, this state-
ment is of great historicalinterest. Huxley definitely uses the word
* evolution,” and admits its existence witkin the great groups.
He bad'not, bowever, rid himseif of the notion that the arcbetype
was & praperty inherent in the group. Herbert Spencer, whose
acquaintance he made in 1852, was unable to convert him to

tra ation assumed, which had been made, was In any
way adequate to explain the phenomena " (Life, i. 168). Huxley
had studiéd Lamarck “ attentively,”” but td no purpose. Sir
Charles Lyelt ‘' was the chief agent in smoothing the road for
Darwin. For consistent uniformitarianism postulates evolation
as much in the organic as in the inorganic world ” (l.c.); and
Huxley found in Darwin what be had failed to find in Lamarck,

an intelligible hypothesis good enough as a working hasis, Yet
with the transparent candour which was characteristic of him,
hé never to the end of his life concealed the fact that he thought
it wanting in rigorous proof. Darwin, however, was a naturalist;

Huxley was not. He says: “I am "alraid there is very Httle
of the genuine naturalist in me. I never collected anything,
and speties-work was always a hurden to me; what I cared
for was the architectural and engineering part of the business ”
(Essays, i. 7). But the solution of the problem of organic evolu-
tion must work upwards from the initial stages, and it is precisely
for the study of these that ““ species-work " is necessary. Darwin,

by observing the peculiarities in the distribution of the ph.nls
which be had collected in the Galapagos, was started on the
path that led to his theory. Anatomical research had only
so far Jed to transcendental hypothesis, though in Huxley's
hands it had cleated the decks of that lumber. He quotes with
approval Darwin's remark that * no one has a right to examine
the question of species who has not minutely described many *
(Essays, il. 283). 'The rigorous proof which Huxley demanded
was the production of species sterile to one another by selective
bteeding (Life, i. 193). But this was a misconception ol the
question. Sterflity is a physiological charactet, and the specific
differences which the theory undertook to account for are
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morphological; there {3 no necessary nexus between the.two.
Huxley, however, felt that he had at last a secure grip of evolution.
He warned Darwin: 1 will stop at no point as long as clear
reasoning will carry me further ™ (Life, i. 172). Owen, who
had some evolutionary tendencies, was at first favourably
disposed to Darwin’s theory, and even claimed that he had to
some -extent anticipated it in his own writings. But Darwin,
though he did not thrust it into the foreground, never flinched
fram recognizing that man could not be excluded from his theory.
4 Light will be thrown on the origin of man and his history ”
(Origin, ed. 1. 488). Owen could not face the wrath of fashionable
' orthodoxy. In his Rede Lecture he endeavoured to save the
positlon by asserting that man was clearly marked off from all
other animals by the anatomical structure of his brain. This
was actually inconsistent with known facts, and was effectually
refuted by Huxley In various papers arid lectures, summed up in
1863 in Man’s Ploce in Nature, This *’ monkey damnification * of
mankind was too much even for the “ veracity ” of. Cariyle, who
is said to have never forgiven it. Huxley had not the smailest
respect for aunthority as a basis for belief, sclentific or other-
wise. He held that scientific men were morally bound “ to try alf
things and hold fast to that which is good ” (Life, ii. 161). Called
upon in 1862, in.the absence of the president, to deliver the presi-
dential address to the Geological Society, he disposed once for ail
of one of the principles accepted by geoiogists, that similar fossils
in distinct regions indicated that the strata containing them
were contemporary. All that could be concluded, he pointed
out, was that the general order of succession was the same.
In 1854 Haxley had refused the post of palaeontologist to the
Geological Survey; but the fossils for which he then said that
he ‘“did not care " soon acquired importance in his eyes, as
supplying evidence for the support of the evolutionary theory.
The thirty-one years during which he occupied the chair of
natural history at the School of Mines were largely occupied
with pal gical research. N irs on fossil
fishes established many far-reaching morphologicat facts, The
study of fossil reptiles led fo his demonstrating, in the course
‘of lectures on birds, delivered at the College of Surgeons in 1867,
the fundamenta! affinity of the two groups which he united
under the titie of Sauropsida. An incidental result of the same
course was his proposed rearrangement of the zoological regions
into which P. L. Sclater had divided the world in 1857. Huxley
anticipated, to a large extent, the results at which botanists have
since armved: he, proposed 8$ primary divisions, Arctogaea—
to include the Jand areas of the northern bemisphere—and
Notogaea for the remainder. Sutcessive waves of life originated
in and spread from the northern area, the survivors of the more
mncient types finding successively a refuge in the south. - Though
Huxley bad accepted the Darwinian theory as a working
hypothesis, he never succeeded in firmly grasping it -in detail.
He thought " evolation might conceivably have taken piace
without the dcvelopment of groups possessing the characters
of species ” (Essays, v. 41). His palacontological rescarches
ultimately led hira to dispense with Darwin. In 1892 he wrote:
* The doctrine of evolation is no'speculation, but a generalization
of certain facts.. . . classed by biologists under the’ heads
of Embryology and of Palacontology " (Essays, v. 42). Earlier
in 1881 he had asserted even more emphatically that if the
hypothesis of evolution “ had not existed, the palaeontologist
would have had to invent it © (Essays, Iv. 44).
{ From 1870 onwards he was more and more drawn away from
‘scientific research by the claims of public duty. Some men
yield the more readily to such demaunys, as their fulfilment
is not unaccompanied by public esteem. But he felt, as he
hihself said of Jaseph Priestley, ‘‘that he was a man and a
citizen before he was & philosopher, and that the duties of the
two former positions are at-least as imperative as those of the
Intter ”” (Essays, iii. 13). From 1862 to 1884 he served on no
less then ten Royal Commissipns, dealing in every case with
subjects pf, great importance, and in many with matters of the
gravest. to the ¢ ity, He held and filled with
invarinble digrity and distinction more public positions than

shim by the short-sightedness of government.
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have perhaps ever fallen to the lot of a sclentific man in England.
From 1871 to 1880 he was a secretary of the Royal Society,
From 1881 to 1885 he was president. For honours he cared
little, though they were within his reach; it is said that he
might have received a pecrage. He accepted, however, in 1892,
a Privy Councillorship, at oncc the most democratic and the
most aristocratic honour accessible to an English citizen. In
1870 he was president of the British Association at Liverpool, and
in the same year was elected a member of the newly constituted
London School Board. He resigned the latter position in
1872, but-ih the brief period during which he acted, probabiy
more than any man, he left his mark on the foundations of
national clementary education. - He made war on the scholastic
methods which wearied the mind in merely taxing the memory;

 the children were to be prepared to take their place worthily

in the community. Physical training was the basis; domestie
cconomy, at any rate for girls, was insisted upon, and foralf
some development of the acsthetic sense by means of drawing
and singing. 'Reading, writing and arithmetic wert the in-

. dispensable tools for acquiring knowledge, and intellectual

discipline was to be gained through the rudiments of physical
science. He insisted on the teaching of the Bible partly as a great

literary heritage, partly because he was * seriously perplexed

to know by what practical measures the religious feeling, which
is the essential basis of conduct, was to be kept up, in the present

.utterly chaotic state of opinion in these matters, without its

use " (Essays, iii. 307). In 1872 the School of Mines was moved,
to South Kensington, and Huxley had, for the first time after
eighteen years, those appliances for teaching beyond the
lecture room, which to the lasting injury of the interests of
biological science in Great Britain had been withheld from
Huxley had
only been able to bring his influence to bear upon his pupils,
by oral teaching, and had had no opportunity by personal
intercourse in the laboratory of forming a school. He was now
able to organize a system of mstruction for classes of elementary
teachers in the gencral principles of biology, which indirectly
affecied the teaching of the subject throughout the country. '

. The first symptoms of physical failure to meet the strain of
the scientific and public duties demanded of him made some.
rest imperative, and he took a long holiday in Egypt. He still
continued. for some years tp occupy himself mainly with verte-.
brate morphology. But he seemed to find more interest and the
necessary mental stimulus to exertion in lectures, public addresses
and more or less controversial writings. His health, whith
had for a time been fairly restored, compietely broke down’
again in 1885. In. 1890 he removed from London to East-
bourne, where after a painful iliness he died on the 29th of
June 189s. § ) . ' .

‘The latter years of Huxley’s life were mainly occupied with con-
tributions to lrcriodical literature on subjects connected with philo-
sophy and theology. The cffect produced by these on popular
opinion was profouhd. This was partly due to his position as a
man of science, partly to his obvious carnestness and sincerity, but
in the main to his strenuous and attractive method of exposition.
Such studies wcre not wholly new to him, as they had more or fess
cngaged his thoughts from his earliest days. That his views exhibit
some process of development and are not wholly consistent was,
herefore, to be expected, and for this reason it is not easy to
spmmarize them as a connected body of teaching. They may be
found perhaps in their most systematic form in the volume on Hume
published in 1879, A

Huxley's general attitude to the ‘problems of theology and
Philosop ¥‘ was technically that of scepticism. *1 am,” he wrote,

‘too much of a sceptic to deny the possibility of anything ™ (Life, it.
127). * Doubt is a beneficent demon ¥ (Essays, ix. 5654 ¢ was
anxious, nevertheless, to avoid the accusation of Pyrrhonism (Life, ii.
280), but the Agnosticism which he defined to express his position
in 1869 sugﬁests the Pyrrhonist Aphasia. The anly approach to
certainty which he admitted lay 1n the order of nature. *The
conception of the constancy of the order of nature has become the
dominant idea of modern thought. . . . Whatever may be man's'
speculative doctrines. it is quite certain that every intelligent person
guides hls life and risks his fortune upon the betief that the order of
nature ig constant, and that the chaia of natural causation is never
broken.” He adds, however, that it hy no mcans necessarily
follows that we are justified In expanding this gencratiration into the

infinite past " (E¥says. iv. 47, 48). This was liile more than a plous
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reservation, as evolution implies the principle of continuity (I.c. p. 55).
Later he stated his belief even more absolutely: "} there irany-
thﬁ in the world which 1 do firmly believe in, it is the upiversal
validity of the law of causation, but that universality cannot be
proved by any amount of experience " (Essays, ix. 121). The
assertion that ** There is only one method by which intellectual tryth
can be reached, whether the subject-matter of investigation belongs
to the world of physics or to the world of consciousness ™ (Essays, ix.
126) laid him to the charge of materialism, which be vigorcusly
repelled. His defence, when he rested it on the imperfection of the
physical analysis of matter and force (l.cc.f‘ xix was irrelevant; he
was on sounder ground when he contended with Berkeley * that our
certain knowledge does not extend beyond our states of conscious-
ness ' (le. p. 130). ** Legitimate materialism, that is, the extension
of the conceptions and of the methods of physical science to the
highest as well as to the lowest phenomena of vitality, is neither
more nor less than a sort of shorthand idealism " (Essays, i. 1?4).
While “ the substance of matter is 2 metaphysical unknown quality
of the existence of which there is no proof .. .t i of

HUY

ngreuano’ n of its historic effect as a civilizing agency. He thou

that ‘' the exact nature of the teachings and the convictionsgg
Jesus is extremely uncertain ** (Essays, v. ;482. hat we are
usually pleased to call religi days is, for the most pare,
Hellenized Judaism ™ (Essays, iv. 162). His final analysis of what
** since the second century, has assumed to itself the title of Orthodox
Christianity '* is a * varying compound of some of the best and
someoltt:!cv;‘on!" dm:{xl’," a m;l’ lded in
practice the innate er of certain e of the Western
Sorid~ (Essays, v. 143). He concludes * That this Christiamity is
doomed to fall is, to my mind, beyond a doubt; but its fall will
neither be sudden nor speedy ™ (Lc.). He did not omit, however,
to do justice to * the bright side of Christianity,” and was deeply
imptessed with the life of Catherine of Siena. Failing Christiamity,
he thought that some other ' hypostasis of men’s hc:fra ** will arise
(Essays, v. 254). His latest speculations on ethical problems are
Perhap- the least satisfactory of his writings. In 1892 he wrote:
* The moral scnse is & very complex affair—dependent in part upon

he

a substance of mind is equally arguable;...the result...is the
veduction of the All to co-exi: es and seq es of ph
beneath and beyond which there is nothing cognoscible ”* (Essays, ix,
66). Hume had defined a miracle as a ” violation of the laws of
nature.” Huxley refused to accept this. While, on the one hand, be
insists that ‘' the whole fabric of practical life is built upon our
faith in its continuity ” (Hume, p. 129), on the other " nobody
can presnme to say what the order of nature must be '’; this " knocks
the bottom out of all a priori ohjections either to ordinary ‘miracles’
or to the efficacy of prayer ' (Essays, v. 133). " 1f by the term
miracles we mean only extremely wonderful events, there can be no
just ground for denying the ihility of their occurrence *” (Hume,
p. 134). Assuming the chemical elements mbeagg ates of uniform
E:imitivc matter, he saw po more theoretical difheulty in water

ing turned into aleohol in the miracle at Cana, than in sugar
underging a similar conversion (Essgys, v. 81). The credibility of
miracles with Huxley is a question of evidence. It may be remarked
that a scientific explanation is destructive of the supernatural
character of a miracle, and that the demand for evidence may be
w0 framed as to preciude the credibility of any historical event.
Throughout his life theoloﬁv had a strong attraction, not without
elements of repulsion, for Huxley. The circumstances of bis early

training, when was the * most interesting Sunday reading
allewed him when a K ** (Life, ii. 57), probably had something to
do with both. In 1860 his beliefs were apparently theistic: * Science

seems to me to teach in the hig}l:ell and_strongest manner the
great truth which is embodied in the Christian conception of entire
surrender to the will of God " (Life, i. 219). In 1885 he formulates
* the perfect ideal of religion™ in 2 pa_sﬂfewhlch has become
almost famous: " In the 8th century B.C. in the heart of a world of
idolatrous polytheists, the Hebrew prophets put forth a-conception
of religion which aéapan to be as wonderful an inspiration of genius
as the art of Pheidias or the scienee of Aristatle. * And what doth
the Lord require of thee, but to do iusﬂ{. and to love mercy, and to
walk humbly with thy Cod’ " (Essays, iv. télk Two years later he
was writing: ** That there is no evidence of the existeace of such a
being as the God of the theologians is true enough ™ (Life, ii. 162).
insisted, however, that * atheism is on purely rhllosophical
unds untenable” (lc.). His theism never really advanced
ond the nition of " the passionless impersonality of the
unknown and unknowable, which science shows here under-
lying the thin veil of phenomena * (Life, i. 239). In other respects
his personal creed was a kind of screntific Calvinism, There is an
interesting passage in an essay written in 1 ” An Apologetic
Eirenicon,” which has not been republished, which illustrates this:
* It is the secret of the superiority of the best theological teachers to
the majority of their ents that they substantially recognize
these realities of things, however strange the forms in which they
clothe their conceptions. The doctrines of predestination, of original
sia, of the innate depravity of man and the evil fate of the greater
part of the race, of the primacy of Sataq in this world, of the essential
wvileness of matter, a malevolent Demiurgus subordinate to a
benevolent Almighty, who has only lately revealed himself, faulty
as they are, agper to me to be vastly nearer the truth than the
* liberal * popular illusions that babies are a}! born gaod, and that the
example of a corrupt society is responsible for their failure to remain
80; that it is given to everybody to reach the ethical ideal if he will
only try; that all partial evil is universal good, and other optimistic
figments, such as that which re nts ' Providence ’ under the
guise of a paternal philanthropist, and bids us believe that evczthmg
will come right (according to our notions) at last.” But his *’ slender
definite creed,” R. H. ilunon. who was associated with him in
the Metaphysical Society, thought—and no doubt rightly—in no
v ed the cravings of his larger nature.

From 1880 oawards till the very end of his life, Huxley was
continuously occupied in a controversial campaign against orthodox
beliefs. As Professor W. F. R. Weldon justly said of his earlier
polemics: * They were certainly among the principal agents In
winning a larger mcasure of taleration for the critical examination of
fundamental beliefs, and for the free expression of honest reverent
doubt.” He threw Christianity overboard bodily and with ittle
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pleasure and pain, approbation and disapprobation,
formed by education in carly youth, but ia part also on an innate
sense of moral beauty and ugliness (how originated need not be dis-
cussed), which is J)ouessed some people in %rcat strength, while
some are totally devoid of it " (Life, ii. 305). This is an intultional
theory, and he compares the moral with the aesthetic sense, which he.
repeatedly declares to be intuitive; thus: ™ All tbe understanding
in the world will neither increase nor diminish the force of the
intuition that this is beautif;xgdnnd this is ngl{ ** (Essays, ix. 80). In
the Romanes Lecture deliverdd in 1894, in which this passage occurs,
he defives " law and is "' to be * i u‘);n the struggle
for existence between men in society.” It follows that ™ the ethical
rmcw is in opposition to the cosmic process,”” to which the struggle
or existence belongs (Essays, ix. 31). Apparently he thought ﬁxat
the moral sense in its origin was intultional and in its development

utilitarian, * Morality commenced with society " (Euou(w. v. $2).
The * ethical prc * is the * gradual st i the social
bond ** (Essays, ix. 35). *' The cosmic process has no sort of relation
to m ends ™' (Jc. p. 83); ¥ of moral purpose 1 see no tracé in

nature. That is an article of exclusive human manufacture ™ Lv'{;.
ii. 268). cosmic Huxley identified with evil, t!

ethical process with good; the two are in necessary conflict. " The
reality at the bottom of the doctrine of original sin " is the " innate
tendency to self-assertion ** inherited hy man from the cosmic order
(Essays, ix. 27). *“ The actions we call sinful are part and parcel of
the st le for'existence " ‘Llﬁ. ii. 282). "’ The prospect of attaining
untrou iness ** is “ an illusion ' (Essays, ix. 44), and the
cosmie process in the long run will get the best of the contest, and
** resume its sway ’* when evolutioa enters on its downward course
(.¢. p- 48). This approaches pure pessimism, and though in Huxley's
view the " imism of Schopenhauer is a aightmare ’ (Essays, ix.-
200), his own ﬁbilowph{aof fe nﬁgdimnzyiuhlhle, and is often
expre in_the same n)gu e. cosmic order is obviously
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non-moral (Essoys, ix. t it is, as has been said, immoral
is really meaningless. and suffering are affections which
imply a complex nervous organization, and we are not justified in

rojecting them into nature external to ourselves. Darwin and A. R.
eVa{lace isagreed with Huxley in seeing rather the joxons than the
suffering side of nature. Nor can it d that the d ding
scale of evolution will uce the ascent, or that man will ever be
conscious of his doom,

As has been said, Huxlq never thoroughly grasped the Darwinian
principle. He thought '’ transmutation may take place without
transition "’ (Life, i. 173). In other words, that evolution
complished by leaps and not by the act lation of small vari
He recognized the " struggle for existence” but pot the gradual
adjustment of the organism to its en which is implied in
* patural selection.” In highly civilized societies he thought that the
fornrer was at an Essays, ix. 36) and had been replaced by the
“ struggle for enlj:ymem " (J<s p- 40). But a consideration of the
stationary population of France might bave shown him that the
effect in the one case may be as restrictive as in the other. So far
from natural selection being .in abeyance undér modern i
conditions, " it is,' as Professor Karl Pearson points out, * some-
thing we run up against at once, almost aa soon as we examine a
mortality table " (Biometrika, i. 76). The inevitable conclusion,
whether we like it or not, is that the future evolution of humanity is
as much a part df the cosmie process as its past history. and Huxley's'
attempt to shut the door on it cannot be maintai scientificaily.

AUTHORITIES.—Life and Letters of Thomas Iie;? Huxley, I? his
son Leonard Huxley (2 vols., Epoo); Scientific Memoirs of T, H.
Huxley (4 vols., 1(98-1301); ollected Essays bI T. H."Hux
(9 vols., 1898): Thomas Henry Hi , a Skelch o{ is Lifeand Work,
by P. Chalmiers Mitchell, M.A. ( .. 1900); a_ critical sttly
founded on carcful research and of great value. (W.T.T..D.)

HUY (Lat. Hoium, and Flem. Hoey), 2 town of Belgium,’
on the right bank of the Meuse, at the'point ‘where it is joined
by the Hoyoux. Pop. (1904), 14,164. It is 19 m. E. of Namur
and a trifie less west of Liége. Huy certainly dates from the
7th century, and,according to some, was founded by theemperor

is ac-
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Antoninus in A.D. 148. Its situation is striking, with its grey
citadel crowning a grey rock, and the fine collegiate church
(with a 13th-century gateway) of Notre Dame built against it.
The citadel is now used partly as a depot of military equipment
and partly as & prison. The Yuins are still shown of the abbey
of Neumoustier founded by Peter the Hermit on his return
from the first crusade. He was buried there in 1115, and a
statue was erected to his memory in the abbey grounds in
18s8. Neumousticr was one of seventeen abbeys in this town
alone d on the bishopric of Liége. Huy is surrounded
by vmeyards, and the hridge which crosses the Meuse at this
point connects the fertile Hesbaye north of the river with the
-rocky and barren Condroz south of it.

HUYGENS, CHRISTIAAN (1629-1695), Dutch mathematician,
mechanician, astronomer and physicist, was born at the Hague
on the 14th of April 1629. He was the second son of Sir
Constantijn Huygens. From his father he received the rudiments
of his education, which was continued at Leiden under A. Vinnius
and F van Schooten, and completed in the juridical school
of Breda. His mathematical hent, however, soon diverted
him from legal studies, and the perusal of some of his earliest
theorems enabled Descartes to predict his future greatness. In
1649 he accompanied the mission of Henry, count of :Nassau,
to Denmark, and in 1651 entered the Lists of science as an assailant
of the unsound system of quadratures adopted by Gregory of
St Vincent. This first essay (Exclasis gquadraturae . circuls,
Leiden, 1651) was quickly succeeded by his Theoremoto de
guadroiura kyperboles, ellipsis, et circuli; while, in a treatise
entitled De circuli magnstndine invenia, he made, three years
later, the closest approximation so far obtained to the tauo
of the circumference to the dismeter of a circle.

Another class of subjects was now to engage his tttenuon.
The impro t of the telescope was justly
sine qua mon for the advancement of astronomical knowledge.
But the difficulties interposed by spherical and chromatic
aberration had arrested progress in that direction until, in 1655,
Huygens, working with his brother Constantijn, hit upon a
new method of jnnd.mg and polishing lenses. The immediate
results of ‘the clearer definition obtained were the detection
of a satellite to Saturn (the sixth in order of distance from its
primary), and the resolution into their true form of the abnormal
appendages to that planet. Each discovery in turn was, according
to the prevailing custom, announced to the learned world under
the veil of an anagram—removed, in the case of the first, by the
publication, early in 1656, of the little tract De Saturni luna
observatio move; but retsined, as regards the second, until
1659, when in the Systema Saturmism the varying appearances
of the so-called “ triple planet " were clearly explained as the
pbases of a ring inclined at an angle of 28° to the ecliptic. Huygens
was also in 1656 the first eflective observer of the Orion nebula;

he delineated the bright region still known by his name, and.

detected the multiple character of its nuclear star. His applica-
tion of the pendulum to regulate the movement of clocks sprang
from his experience of the need for an exact measure of time
in observipg the heavens. The invention dates irom 16\56
on the 16th of June 1657 Huygens p d his first
clock " to the lutea-gemnl and the Homlagmm,eontmmng
a description of the requisite mechanism, was pablished in
1658. .

His reputation now became cosmopolitan. As early as 1655

regarded as a’
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too tempting to be refused, and between the followi
1681 his residence in the philosophic seclusion of the nﬁ:ﬂotheque
‘du Roi was only interrupted by two short visits to his native
country. His magnum opus dates from this period. The
Horologium oscillatorium, published with a dedication to his
royal patron in 1673, contained original discoveries sufficient
to have furnished materials for half a dozen striking disquisitions.
His solution of the celebrated problem of the “centre of oscilla-
tion * formed in itself an important event in the history of
mechanics. Assuming as an axiom that the centre of gravity.
of any number of interdependent bodies cannot rise higher
than the point from which it fell, he arrived, by anticipating
in the particular case the general principle of the ooenservation
of vis viva, at correct although not strictly demonstrated con-
clusions. His treatment of the sabject was the first successful
attempt to deal with the dynamics of a system. The determina-
tion of the true relation between the length of a pendulum
and the'time of its oscillation; the invention of the theory of
evolutes; the discovery, henee ensuing, that the cycloid is
its own evolute, and is strictly isochronous; the ingenious
although practicaily inoperative idea of correcting the ' circular
error *’ of the pendulum by applying cycloidal cheeks to clocks—
were all contained in this remarkable treatise. The theorems
on the composition of forces in circular motion with which it
concluded formed the true prelude to Newton's Princigia, and
would ajone suffice to establish the claim of Huygens to the:
highest rank among mechanical inventors.

In 1681 he finally severed his French connexions, and returned
to Holland. The harsher measures which about that time
began to be adopted towards his co-religionists in France are
usually ass:gncd as the motive of this step. He now devoted
‘himself"during six years to the production of lenses of enormous
focal distance, which, mounted on high poles, and connected with
the eye-piece by means of a cord, formed what were called “ aerial
telescopes.” Three of his object-glasses, of respectively 123,
180 and 210 ft, focal length, are in the possession of the Royal
Society.  He also succeeded in constructing an almost perfectly:
achromatic eye-piece, still known by his name. But his re-
searches in physical optics constitute his chief title-deed to
immortality. Although Robert Hooke in 1668 and Ignace
Pardies in 1672 bad adopted a vibratory hypothesis of light,
the conception was & mere floating possibility until Huygens
provided it with a sure foundation. His powerful scientific
imagination enabled him to realize that all the points of a wave-
front originate partial waves, the aggregate effect of which is
to reconstitute the primary disturbance at the subsequent stages
of its advance, thus accomplishing its propagation; so that
each primary undulation is the envelope of an indefinite number
of secondary undulations, This resolution of the original wave
is the well-known * Principle of Huygens,” and by its means
he was enabled to prove the fundamental laws of optics, and
to assign the correct construction for the direction of the extra-
ordinary ray in uniaxial crystals, These investigations, together
with his discovery of the * wonderful phenomenon ' of polariza-
tion, are recorded in his Traité de lo lumidre, published at
Leidem in 1690, but composed in 1678, In the appended
treatise Sur la Cause de lo pesanteur, he rejected gravitation as
a universal quality of matter, although admitting the Newtonian
theory of the planetary revolunons. From his views'on centri-
fugu.l force he dcduced the oblate figure of the earth, esumatmg

the university of Angers had distinguished him with an h ry.
degree of doctor of laws. In 1663, on the occasion of his second
visit to England, he was elected a fellow of the Royal Society,
and imparted to that body in Japuary 1669 a clear and concise
statement of the laws governing the collision of elastic bodies.
Although these conclusions were arrived at independently,and,
as it would seem, several years previous to their publication,
they were in great measure anticipated by the communications
on the same subject of John Wallis and Christopher Wren,
made respectively in November and December 1668.

* Huygens had before this time fixed his abode in France.
In 1665 Colbest made to him on behalf of Louis XIV. an offer

its comp , , at little more than one-half its actual
amount.

Huygens never married. He died at the Hague on the 8th
of June 1695, bequeathing his manuscripts to the university
of Leiden, and his considerable property to the sons of his
younger brother. In character he was as estimable as he was
brilliant inintellect. Although, like most men of strong originative
power, he assimilated with difficulty the ideas of others, his
tardiness sprang rather from inability to depart from the track

.of his own methods than from reluctance 10 acknowledge the

merits of his competitors.
_ In addition to the works already mtnned. his Cosmotheoras—
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lltwn concerning the inbabitunts of the planets—was printed
po-thumon at the Hague in 1698, and apj ealm simuitane-
ously in an English translation. A volumc entitled Opera posthuma
(Leiden. 1703) conlamcd his " Dioptrica,” in which the ratio between
e respecti lengths of object-glass and eye-glass is given as
thcmuofmagmymgpuwcr mthhelhon:re-l
Des vitris figurandis, De corona et iz, &c. Anwlytmct
mlwunm in Iudo deaz pﬂntcd in 165’7 with Schooten’s Excmla-
is notable as one of the first fofmal treatises on
the theory of babilities; nor should his investigations of the
properties of tl?m issoid, ithmic and catenary curves be left
unnoticed. His invention of the spiral watch-spring was explained
in the Jowurnal des savamts gFeb 25, 1675). An editico of his
works was published ; &_G J. 's Gravesande, in four quarto volumes
M'ld

titled Opera iden, 1724) and Opera nhq;a sterdam,
172t e:ge\vas Pﬂ bge J. Uylenbroek

1728). Hu scientific
from manuscripts v n, mth t Chnistiani
Hu{enu alwmmqlu secyli X VII virorsm bnm malumm
h (the Ha, e, xs
The publication of a monumenzal the letters and works
of --luygem was u: n at the gue b the 158
des S with the heading Euvres de Christsan Huygens (1888),
&c. Ten quarto volumes, comprising the whole of his correspondence,
had already been issued in 390, ography of Huygens was
fixed to his Opera varia (l % hxs oge in the character of a
B'r!ench academician was prnt ondon:et in 1773
Consult further. P. J 3' nbroek w dc Jratribus Christiano
;?ue Hu;tmo Groni: 8); P. Harting, Clm.maan
uygens i zijn Leven en Werken gexchelu Gmmngen. );J.B J.
Delambre, Hist. de Pastronomie moderne (ii. éﬁ Montucla
Hist, dc: nuuhlnmuqm (i, 84 4!2. 549): sien. A
Ppp 101- xog. hn

muck G“ xhwhu dcr digemem
Abschnitt  (ji. uo, 163, il "Zr)a A. Berry, A Slwrt Hu‘lory aj
Astronomy, R. 3 chichte der Astromomie. passim;
Houzeau, B-&w 6 kuamomw (ii. 169).1-‘ Kaiser, Astr. Nldl.

. 1847 chrift voor FD 184
f:lﬁ;azcﬁc g :lsdw wiap{lc (M. B tor) ; s. C. i’
Biog. Iit. Handworterbuci

HUYGENS, SIR CONSTANTIJN (1506~1687), Dutch poet
and diplomatist, was born at the Hague on the 4th of September
1506. His father, Christiaan Huygens, was secretary to the
state council, and a man of great political importance. At the
baptism of the child, the city of Breda was one of his sponsors,
and the admiral Justinus van Nassau the other. He was trained
in every polite accomplisbment, and before he was seven could
speak French with fluency. He was taught Latin by Johannes
Dedelus, and soon became a master of classic versification.
He developed not only extraordinary intellectual gifts but
great physical beauty and strength, and was one of the most
accomplished atbletes and gymnasts of his age; his skill in
playing the lute and in the arts of painting and engraving
attracted general attention before he began to develop his
genius as a writer. In 1616 he proceeded, with his elder brother,
to the university of Leiden. He stayed there only one year,
and in 1618 went to London witb the English ambassador
Dudley Carleton; he remained in London for some months,
and then went to Oxford, where he studied for some time in the
Bodleian Library, and to Woodstock, Windsor and Cambridge;
he was introduced at the Engiish court, and played the lute
hefore James 1. The most interesting feature of thls visit was
the intimacy which sprang up between the young Dutch poet
and Dr Donne, for whose genius Huygens preserved through
life an unbounded admiration. He returned to Holland in
company with the English contingent of the synod of Dort,
and in 1619 he proceeded to Venice in tbe -diplomatic service
of his country; on his return he nearly lost his life by a foolhardy
exploit, namely, the scaling of the topmost spire of Strassburg
cathedral. In 1621 he publisbed one of his most weighty and
popular poems, his Bolava Tempe, and in the same year he
proceeded again to London, as secretary to the ambassador,
Wijngaerdan, but returned in three months. His third diplo-
matic visit to England lasted longer, from the stb of December
1621 to the st of March 1623. During his absence, his volume
of satires, ¢ Costelick Mal, dedicated to Jacob Cats, appeared
at the Hague. In tbe autumn of 1622 he was knighted by
James I. He published s large volume of miscellaneous poems
in 1625 under the title of Ofiorum libri sex; and in the same
year he was appointed private secretary to the stadholder.

HUYGENS, SIR C.—HUYSMANS

In 1627 Huygens married Susanns van Baetle, and settled at
the Hague; four sons and a dau;htu were born to them. In
1630 Huygens was called to a seat in the privy council, and he
continued to exercise political power with wisdoar and vigour
for many years, under the title of the lord of Zaylichem. In
1634 he is supposed to have completed his loug-talked-of version
of the poems of Donne, fragments of which exist. In 1637 his
wife died, and he nmmedhuly began to celebrate the virtues
and plmures of their married life in the remarkable didactic
poem called Dagwerck, which was not published till long after-
wards. From 1639 to 1641 be occupied himself hy building
& magnlficent hodse and ;lrdcn outside the Hague, and by
celebrating their beauties in a poem entitled Hofwijck, which
was published in 1653. In 1647 he wrote his beautiful peem
of Oogentroost ot ** Eye Consolatlon,” to gratify his blind friend
Lucretia van Troo. He made his solitary effort in the dramatic
line in 1657, when he brought out his comedy of Trijntje Cornelis
Klacht, which deals, in rather broad humour, with the adventures
of the wile of a ship's captain at Zaandam. In 1658 he rearranged
his poems, and issued them with many additions, under the
title of Corn Flowers. He proposed to the government that
the present highway from the Hague to the sea at Scheveningen
should be constructed, and durms his absence on a dpiomatic

‘mission to the French court in 1666 the road was made as a

li to the ble st n, who expressed his
gnmude in & descriptive poem entitled Zeestraet. Huygens
edited his poems for the last time in 1672, end died in his ninety-
first yeur, on the 28th of March 1687. He was buried, with the
pormp of & hational funeral, in the church of St Jacob on the
4th of April. His second son, Christiaan, the eminent astronomer,
is noticed separately.

Conshnh n Huygens is the most brilliant figure in Dutch literary
history. r statesmen surpassed m poiitical influence, and
at least two othu- poets surpassed him in the value and originality of
their writings. But his figure was more dignificd and api‘nd.ld his
talents were more varied, and his gencral accomplishments more
remarkable than those of any other person of his age, the greatest
:fe in the history of the Netherlands.  Huygens is the

the republic, the type of aristocratic oligarchy. the jewel and
ornameat of Dutch liberty.  When we consider his imposing character
and the positive value of his writings, we may well be surprised that
he has not found a modern editor. It is a di ce to Dutch scholar-
ship that no complete collection of the wri of Huygens exists.
His autobiography, De vila propria seresonum libri duo, did not see
the light unu! 1817, and his remarkable poem, Cluyswerck, wu not
printed until 1841, As a poet Huygens shows a finer sense of form
than any other early Dutch writer; the tanﬁuage. in his hands,

es as flexible as Italian  His epmks and lighter pieces, in par-

ticular, display his metrical ease and facility to tion. (B.G.)

HUYSMANS, the name of four Flemish painters who matricu-
lated in the Antwerp gild in the r7thi century Comelis the
elder, apprenticed in 1633, passed for a mastership in 1636,
and remained obscure.® Jacob, apprenticed to Frans Wouters
in 1650, wandered to England towards the close of the reign
of Charles I1., and competed with Lely as a fashionable portrait
painter He executed a portrait of the queen, Catherine of
Braganza, now in the national portrait gallery, and Horace
Walpole assigns to him tbe likeness of Lady Bellasys, catalogued
at Hampton Court as a work of Lely. His portrait of Izaak
Walton in the National Gallery shows a disposition to imitate
the styles of Rubens and Van Dyke. According t6 most accounts
he died in London in 1696. Jan Baptist Huysmans, born at
Antwerp in 1654, matriculated in 1676-1677, and died there in
1715-1716. He was younger brother to Cornelis Huysmans’
the second, who was born at Antwerp in 1648, and educated
by Gaspar de Wit and Jacob van Artois. Of Jan Baptist little
or nothing has been preserved, except that he registered numerous
apprentices at Antwerp, and painted a landscape dated 1697
now in the Brussels museum. Cornelis the second is the only
master of the name of Huysmans whose talent was largely
acknowledged. He received lessons from two artists, one of
whom was familiar with the Roman art of the Poussins, whilst
the other inherited the scenic style of the school of Rubens.
He comhined the two in a rich, highly coloured, and usually

Seiguenr

 eflective style, which, however, was not free from monotony.
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Seldom sattempting anything but woodside views with fancy
backgrounds, half Italian, half Flemish, he painted with great
facility, and left numerous examples behind. At the outset
of his career he practised at Malines, where he married in 168¢,
and there too he entered into some business connexion with
van der Meulen, for whom he painted some background

23

Half ks pictures in public galleries are landscapes, views of
imaginary lakes and harbours with impossible ruins and classic
edifices, and woods of tail and motionless trees—the whole -
very glossy and smooth, and entirely lifeless. Tho carliest dated
work of this kind is that of 1717, in the Louvre, a grove with

In 1706 he withdrew to Antwerp, where he resided tlll 1717,
returning then to Malines, where he died on the 1st of June
1727.

Though most of his pictures were composed for cabinets rather than
h L“‘hhc s etmul d van Artois in the ; tion of
Erge sacred pieces, and for many years his ** Christ on the Road to

mmaus " adorned the choir of Notre Dame of Malines. In the
gallerz of Nanu:si where three of his small landscapes are A
there hangsan ** Investment of Luxembourg,” by van der ﬁeulen.o!
which he is kn¢ d. The national

own to bave laid in the backgr
teries of London and Edinburgh contain each one example of his
skill. Blenheim,too,and other private galleries in England, possess
one or more of his pictures. But most of his works are on. the
Eurapean continent. ,

. HUYSMANS, JORIS KARL (1848-1907);, French nowelist,
was born at Paris on the sth of February 1848 He belonged
to a family of artists of Dutch extraction; he entered the
ministry of the interior, and was pensibned after thirty yeais’
service. His earliest venture in litezature, Le Drageoir d épices
(1874), contained stories and short prose poetns showing the
influence of Baudelaire. Marthe (1876), the life of a courtesan,
was published in Brussels, and Huysmans contributed a story,
* Sac au dos,” to Les Seirées de Médan, the collection of stories
of the Franco-German war published by Zola. He then pro-
duced a series of novels of everyday life, including Les Sewrs
Vatard (1879), En Ménage (1881), and 4 vau-Peast (1882), in which
he outdid Zola in minute and uncompromising realism. He
was infiuenced, however, more directly by Flaubert and the
brothers de Gonoourt than by Zola. In L'Art moderne (1883)
he gave a eareful study of impressionism and in Cerlains (1889)
a series of studies of contemporary artists. A Rebowrs (1884),
the history of the morbid tastes of a decadent aristocrat, des
Easeintes, created a literary sepsation, its caricature of literary
and artistic symbolism covering much of the real beliefs of the
leaders of the mesthetic revolt. In Ld-Bas Huysmans’'s most
characteristic hero, Durtal, makes his appearance. Durtal
is occupied in writing the life of Gilles de Rais; the insight
he gains into Satanism is supplemented by modern Parisian
students of the black art; but already there are signs of a
leaning to religion in the sympathetic figures of the religious
bell-ringer of Saint Sulpice and his wife. En Roxle (18¢5) relates
the strange conversion of Durtal to mysticism and catholicism
in his retreat to La Trappe. In Ls Cathédrale (1898), Huysmans's
symbolistic interpretation of the catbedral of Chartres, he
develops his enthusiasm for the purity of Catholic ritual. The
life of Sainte Lydwine de Schiedam (19o1), an exposition of

hark

the value of suffering, gives further proof of his conversion; .

and L'Oblat (1903) describes Durtal's retreat to the Val des
Saints, where he is attached as an ohlate to a Benedictine
wmonastery. Huysmans was nominated hy Edmond de Gon-
court as & member of the Académie des Goncourt. He died
as a devout Catholic, after a long iliness of cancer in the palate
on the 13th of May 1007. Before his death he destroyed his
anpublished MSS. His last book was Les Foslcs de Lowrdes

(lg)'hnhuf Symons, Studses in hwo Literatures (1897) and The

Symbolist Movement in Literature (1899); Jean Lionnet in L'Evolu-
tson des idées (1908); Eugéne Gilbert in France ¢t Belgigue (1905);
J. Sargeret in Les Grands convertis (1906).

+ HUYSUM, JAN VAN (1682-1749), Dutcb painter, was born
at Amsterdam in 1682, and died in his- native city on the 8th
of February 1749. He was the son of Justus van Huysum,
who is said to have been expeditious in decorating doorways,
screens and vases. A picture by this artist is preserved in
the gallery of Brunswick, representing Orpheus and the Beasts
in a wooded landscape, and here we have some explanation
of his son’s fondness for landscapes of a conventional and Arcadian

kind; for Jan van Huysum, though skilled as a painter of still.

Iife, believed himself to posséss the genius of a landscape painter.

idens culling fi near a tomb, ruins of a portico, and a
distant palace on the shores of 2 lake bounded by mountains,

It is doubtful whether any artist ever surpassed van Huysum
in representing fruit and flowers. It bas been said that his
fruit has no savour apd his flowers have no perfume—in other
words, that they are hard and artificial—but this is scarcely
true. In substance fruit and flower are delicate and finished
imitations of nature in its more subtle varieties of matter.
The fruit bas an incomparable blush of down, the flowers have
a perlect delicacy of tissue. Van Huysum, too, shows supreme
art in relieving flowers of various colours against each other,
and often against a light and transparent background. He
is always bright, sometimes even gaudy. Great taste and
much grace and elegince are apparent in the arrangement of
bouquets and fruit in vases adoraed with bas reliefs or in baskets
on matble tables. Thete is exquisité and faultless finish every-
where, But what van Huysum has not is the breadth, the
bold effectiveness, and the depth of thought of de Heem, from
whow he d ds through Abraham Mignoa. .

Some of the finest of van Huysum’s fruit and flower piecea have
been in English private collections: thosecof 1723 ia the earl of
Ellesmere's gallery, others of 17301732 in she collections of Hope
and Ashburton. One of the best examples is now in the National
Gallery 0736_!{27). No public museum has finer and more numer-
ous specimens than the Louvre, which boasts of four landscape’s and
six panels with still life ; then come Berlin and Amsterdam with four
fruit and flower pieces; then St Petersburg, Munich, Hanover,

resden. the Hague, Brunswick, Vienna, Carlsruhe and Copenhagen.

HWANG HO [Hoano Hol, the second largest river in China.
It is’known to foreigners as the Yellow river—a name which
is a literal translation of the Chinese. It rises among the Kuen-
lun mountains i central Asia, its head-waters being in close
proximity to those of the Yangtsze-Kiang, It has a total
length of about 2400 m. and drains an area of approximately
400,000 5q. m, The main stream has its source in two lakes
named Tsaring-nor and Oring-nor, lying about 35° N., 97° E.,
and after flowing with a south-easterly course it bends sharply
to the north-west anl north, entering China in the province
of Kansuh in Iat, 36°. After passing Lanchow-fu, the capital
of this province, the river takes an imnmense sweep to the north
and north-east, until it encounters the rugged barrier ranges
that here run north and south through the provinces of Shansi
and Chihli. By these ranges it is forced due south for 500 m.,
forming the boundary between the provinces of Shansi and
Shensi, . until it finds an outlet eastwards at Tung Kwan—a
pass which for centuries has been renowned as the gate of Asla,
being indeed the sole commercial passage between central
China and the West. At Tung Kwan the river is joined by its
only considerable affluent In China proper, the Wei (Wei-ho),
which drains the large province of Shensi, and the combined
volume of water continues its way at first east and then north-
east across the great plain to the sea. At low water in the winter
seasbn the discharge is only about 36,000 cub. ft. per second,
whereas during the summer flood it reaches 116,000 ft. or more.
The amount of sediment carried down is very large, though
no accurate observations have been made. In the account
of Lotd Macartney’s embassy, which crossed the Yellow river
in 19932, it was caiculated to be 17,520 million cub. It. & year,
but this is considzred very much over the mark. Two reasons,
however, combine to tender it probabl¢ that the sedimentary
matter is very large in proportion to the volume of water:
the first being the great fall, and the consequently rapid current
over two-thirds of the river's course; the second that the
drainage area is nearly all covered with deposits of loess, which,
being very friahle, readily gives way befort the rainfall and
is washed down in large quantity. The ubiquity of this loess
or yellow earth, as the Chinese call it, has in fact given its
name both to the river which carries it in solution and to the
sea (the Yellow Sea) into which it is discharged. It is calculaled
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by Dr. Guppy (Joursial of China Branch of Reysl Asiatic Socsely,
vol. xvi.) that the sediment brought down by the three northern

. rivers of China, viz.,, the Yangtsze, the Hwang-ho and the
Peiho, is 24,000 million cub. ft. per annum, and 18 sufficient
to fill up the whole of the Yellow Sea and the Guif of Pechili
in the space of about 36,000 years.

Unlike the Y the Hwang-ho is of n ] value for
navigation. The silt and sand form banks and ban at the mouth,
the water is too shallow in winter and the curreat is too strong in
summer, and, further, the bed of the river is conunually shifting,
Itis thislast f&turew ich has earned for the river the name ** China's
-ormw *  As the silt-laden waters debouch lmm the rocky bed of the

per reaches on to the plains, the and the
detntul settles on the bottom. By degrees the bed rises, and the
people build embankments to prevent the river from overflowing.
As the bed rises the embankments rhust be raised too, until the stream
is flowing many [eet above the level of the surrounding country.
As time on the situation becomes more and more gemus;
finally, a breach occur:;nd the whole nver pours over the co t
carrying destruction and ruin with it. If the breach cannot
paired the river leaves its old channel entirely. and finds a new eJut
to the sea along the line of least resxmnce. Such in brief has

the story of the river since the dawn of Chinese histo: nz At various
tumes it has discharged its waters alternazely on one or the other
of the great mass of mountains (ormmg the montory of Shnntu

and by mouths as far apart from each om 2s 500 m.
change it has worked havoc and disaster by covering the culuv-
ﬁeldn with 2 or 3 ft. of sand and med. -
t change in the river's course occurred in lasl. when n
rﬂu made in the north embankment near Kmfenﬂu in Ho
A! tlns point rhe nva bed was some 25 ft. ubove plain; the
k the old ch nd poured over
thelevelcountry ﬁmllyaun onthebedolamllnverallcd
the Tsing, and thereby ﬁndmg an exit to the sea. Since that time
the new channel thus carved out has remuncd the proper course of
the river, the old or southeriy channel being left quite dry. Itre-

quired some fifteen or more years to repair damages from this out-
hreak, and to confine the m by new s. After that
there was for a time i dations, but | bluebell
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Wessex in 802, fs described only as an earl. The duwtrict te-
mained in possession of the rulers of Mercis until the fall of that
kingdom. Together with the rest of English Mercia it submitted
to King Alfred about 877-883 under Ead Zthelred, who possibly
himseli belonged to the Hwicce. No genealogy or list of kings
has been preserved, and we do not know whether the dynasty
was connected with that of Wessex ar Mercia.

Bede, Historsa ecdes. (edited by C. Plummer) iv. 13 (Oxford,
l896) W. de G. Birch, Cartularsium Saxonscum, 43, 51, 76,85, 116, u7.
122, 163, 187, 232, 233, 238 (Oxford, 1885-1889). Gs'

HYACINTH (Gr. dbasfos), also called Jacinrr (thmugh Ital.
giacingo), one of the most popular of spring garden flowers. It
was in cultivation prior to 1597, at which date it is mentioned
by Gerard. Rea in 1665 mentions several single and double
varieties as being then in English gardens, and Justice in 1754
describes upwards of ity single-flowered varieties, and nearly,
one hundred double-flowered ones, as a selection of the best. fram
the catalogues of two then celebrated Dutch growers. Ope of
the Dutch sorts, culled La Reine de Femimes, a single white,
is said to have produced from- thirty-four to thirty-eight flowers
in-a spike, and on its first appearanoe 1o have sold for 50 guilders
a bulb; while one called Overwinnaar, or Conqueror, a double
blue, sold at first for 100 guilders, Gloria Mundi for soo guilders,:
and Koning Saloman for 600 guilders. Several sorts are at
that date mentioned as blooming well in water-glasses. Justioe
relates that he himself raised several very valuable double-
flowered kinds from seeds, which many of the sorts he describes
are noted for producing freely.

The original of the culuvaled hyacmth Hmdkn: orienlalis,
a native of Greece and Asia Minar, is by comparison an insignifi-
cant plant, bearing on a spike only a few small, narrow-lobed,
wuhy blue flowers, resembling in form ‘those of our common

in 1882 [resh outbursts again began. The most serious of all took
place in 1887, when it appeared probable that there worild be again a
rmanent change in the river’s course. By dint of t exertions,
owever, the government succeeded in closing the breach, though
not till January 1859, and not uatil there had been immense destruc-
tion of life and property. The outbreak on this occasion occurred, as
all the more serious out have done, in Honan, a few miles west
of the city of Kaifengfu. The stream pou: over the level and
fertile country to the southwards, awaepm whole villages before
it, and converting the plain into one vast la The area aflected
was not less than 50,000 sq. m. and the loss of life was computed at
over one million. Since 1887 there have a series of smaller
out.hmlu, mostly at pomu lower down and in the neighbourhood of
fu, the of . Sh These ually occurring
dxsasters entail a 'imeavy expense on the government; and from the
mere pecuniary point of view it would well repay them to call m the
best foreign engineering skill a al hich
has not commended itself to the Chinese authorities. (G J )

HWICCE, onc nf the kingdoms of Anglo-Saxon Britain, Its
exact dimensions are unknown; they probably coincided with
those of tbe old diocese of Worcester, the early bishops of
which bore the title * Episcopus Hwicciorum.” It would there-
fore include Worcestershire, Gloucestershire except the Forest
of Dean, the southern half of Warwickshire, and the neighbour-
hood of Bath. The name Hwicce survives in Wychwood in
Oxfordshire and Whichford in Warwickshire. These districts,
or at all events the southern portion of them, were according
to the Anglo-Saxon Chronicle, s.a. 577, originally q

d
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So great has been the improvement effected by the
florists, and dneﬂy by the Dutch, that the modem hyacinth
would ly be recognized as the d dant of the type above
referred to, lhe spikes being long and dense, composed of a large
number of flowers; the spikes produced by #trong bulbs not
unfrequemly measure 6 to ¢ in. in length and from 7 to ¢ in.
in circumference, with the flowers clos=ly set on from bottom to
top. Of late years much improvement. has been cffected in the
size of the individual flowers and the breadth of their recurving
loll:es,uweunmnecurmginmedbrdhmcymddqnhof
colour.

The peculiarities of the soil and climate of Holland are so very
favourable to their production that Dutch flotists have made &
specialty of the growth of those and other butbous-rooted flowers.

Hundreds of acres are devoted to the growth of hyn.antlmnthe
vicinity of Haarlem, and bring in a of
of thousands of pounds. Some notion of the wast number
imported into England annually may be formed from the fact
that, for the supply of flowering plants to Covent Garden, one
market grower alone produces from 60,000 to 70,000 In pots
under glass, their blooming period being accelerated by artificial
heat, and extending from Christmas onwards until they bloom
naturally in the open ground.

In the spring flower garden few piam make a more effective
dxsplay than the hymnth. Dotted in clumps in the flower
and ar d in of well-contrasted colours in

by the West Saxons undcr Ceawlin. In later times, hnwever,
the kingdom of the Hwicce appears to have been always subject
to Mercian supremacy, and possibly it was separated from
Wessex in the time of Edwin. The first kings of whom we read
were two brothers, Eanhere and Eanfrith, probably contempor-
aries of Wulfhere. They were followed by a king named Osric,
a contemporary of ZAthelred, and he by a king Qshere, Oshere
had three sons who reigned affer him, Zthclheard, Ethelweard
and Ethelric. The two last named appear to have been reigning
in the year 706. At the beginning of Offa’s reign we again find
the kingdom ruled by three brothers, named Eanberht, Uhtred
and Aldred, the two latter of whom lived until about 780 After
them the title of king seems to have been given up. 'I‘hcxr

beds in the flower garden, there are no flowers which impart
during their season—March and April—a gayer tone to the par-
terre.  The bulbs are rarely grown a second time, either for
indoor or outdoor culture, though with care they might be
utilized for the latter purpose; and hence the enormous numbers
which are procured each recurring year from Holland.

The first hyacinths were single-fowered, but towards the close
of the 17th century dopble-flowered ones began to appear, and
till a recent period these bulbs were the most esteemed. At
the present time, however, the singlc-flowered sorts are in the
ascendant, as they produce more regular and symmetrical spikes
of blossom,-lhe flowers being closely set and more or less horizontal
in direction, while most of the double sorts have the bells distant

successor ZEthelmund, who was killed in a camp

L i

and dependent. so that the spike is loose and by comparison
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ineflective, For pot culture, and for growth in water-glasses
especially, the single-flowered sorts are greatly to be preferred.
Few if any of the original kinds are now in cultivation, a succes-
sion of new and improved varieties baving been raised, the
demand for which is regulated in some respects by fashion.

The hyacirithy delights in a tich light sandy soil. The Dutch in-
corparate freely with their naturally light soil a compast.consisting
of one-third coarse sea or river sand, one-third rotten cow dun;
without litter and one-third leaf-moufd. The soil thus renovat
retains its qualities for six or seven years, but hyacinths are not
planted upon the same place for two years successively, intermediary
crops of narcissus, crocus or tulips being taken. A good compost for
hyacinths is sandy loam, decayed leaf-mould, rotten cow dung and
sharp sand in equal parts, the whole bei:ﬁ collected and laid up in a
heap and turned over ionally. Well-drained beds made up
this soil, and refreshed with a portion of new compast annually,
would grow the hyacinth to perfection. The best time to plant the
hulbs is towards the September and during O t; they
should be arranged in rows, 6 to 8 in. asunder, there beiog four rows
in each bed. Tﬁe hulbs should be sunk about 4 to 6 in. deep, with a
small quantity of clean sand pl below and arournd each of them.

s should be covered with decayced tan-bark, coco-nut fibre or
hall-rotten dung litter. As the flower-stems appear, they are tied to
tigid but slender stakes to preserve them from accident. ~1f the bulbs
are at all prized, the stems should be brokea off as soon as the
ing is over, 50 as not to exhaust the bulbs; the leaves, however, must
be allowed to grow on till matured, but as soon as they assume a
K:IIuw colour, the bulbs are taken up, the leaves cut off near their

se, and the bulbs laid out in a dry, airy, shady place to ripen, after
which they are cleaned of loose earth and skin, ready for storing.
It is the practice in Holland, about 2 month after the bloom, or when
the tips of the leaves a withe ppearance, to take up the
bulbs, and to lay them sideways on the ground, covering them with
an inch or two of earth. About three weeks later they are again
taken up and cleaned. Ir the store-room they should be kept dry,
well-aired and apart from each other. .

Few plants are better adapted than the hyacinth for pot culture
as glreenhouse decorative plants; and by the aid of forcing they may
be had in bloom as early as Christmas. .They flower Imrz well in
§-in. pots, the stronger bulbs in 6-in. pots. To bloom at i s,
they should be potted early in September, in a T bling
that already recommended for the open-air beds; and, to kcerp ur a
succession of bloom, others should gr;(ed at intervals of a few
weeks till the ‘middle or end of November. The tops of the buibs
should be about level with the soil, and if a little sand is put-im-.
mediately around them so much the better. The pots should be set
in an open place on a dry hard bed of ashes, aod be covered over to a
depth of 6 or 8 in. with the same material or with fibre or sol; and
when the roots are well developed, which will take from six to eight
wecks, they may be removed to 2 frame, and gradually zx?mdgto
m, and then placed in a forcing pit in a heat of from 60° to 70°

n the flowers are faitly open, they may be removed to the green-

e hyavineb ey, be very siccessful In glasses f
The cinth ma; u wn In or orna-
b . Vg‘z‘glunurey led to the neck with rain

ment in dwelling-houses. : 3
or even tap water, a few lumps of charcoal being dropped igto them.
The bulbs are placed in the bollow provided for them, so that their
base just touches the water. This may be done in September or
October. They are then set in a dark cupbord for a few weeks tilt
roots are [reely produced, and then ggadua.u{ exposed to light. The
early-flowering single white Roman hyacinth, a small-growing pure
white varicty, remarkable for its fragrance, is well adapted for
forcing, as it can be had in bloom if required by November. For
windows it grows well in the small glasses commonly used for
; and for decorative purposes should be planted about five
bulbs in a §-in. pot, of in pans holding a dozen each. If grown for
cut flowers 1t can be planted thickly jn boxes of any convenicnt size.
Itis glghly esteemed during the winter months by florists.

The Spanish hyacinth (H. amethystinus) and H. azureus are
charming little bulbs for growing in mmginlhemcd:dprdenorfront
of the flower border, The older botanists inclu in the genus

[yacinthus species of Muscari, Scilla and other genera of bulbous
Liliaceae, and the name of hyacinth is still popularly applied to
several other bulbous plants. Thus Muscard botryoides is the gra
hyacinth, 6 in., blue or white, the hand it M. A the
miusk hyacinth, 10 in,, has peculiar livid greenish-yellow flowers and
a strong musky odour; M. comosum var. monstrosum, the feather
hyacinth, bears stérile flowers broken up into a featherlike mass;

. racemosum, the starch h{acinth, is a native with deep blue plum-
wented flowers. The Cape hyacinth is Galtonic die a magnifi-
cent border plaat, g-q, ft. high, with large droo ’nﬁ,whit_e bell-shaped
flowers; the star hyacinth, &t'ld amoena; the Peruvian hyacinth
or Cuban lily, S. peruviona. a native of the Mediterranean region, to
which Linnaeus gave the species name perwviana on a mistaken
assumption of its origin; the wild hyacinth

or blue-bell, known

variously as Endymion monscriptum, Hyacinthus nonscriptus- or

Scilla nwsans; the wild hyaeinth ol western North Amercia, Camassia
lenta._They all flourish in good garden goil of a gritty nature, .
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HYACINTH, or Jacintm, in mineralogy, a variety of zircom
(g.v.) of yellawish red colour, used as a gem-stone. The Ayacinthus
of ancient wtiters must have heen our sapphire, or blue ¢ dum,
while the byscinth' of modern mineralogists may have been
the stone. known as lyncwriums (Qwycobpos). The rew
word Jeshem, translated ligure in the Authorized Version (Ex.
xxviii. rg), from the.-Acylpwor of the Septuagint, appears in
the Revised Version as jacigth, but with a marginal alternative
of amber. Both jacinth and amber may be reddish yellow,
but their ideatification.is doubtfyl As our jacinth (zircon)
is not known in ancient Egyptian work, Professor Flinders
Petrie bas suggested that the leshem may have been a yellow
quartz, or perhaps agate. Some.old English writers describe
the jacinth as yellow, whilst others refer. to it as a hlue stone,
and the Ayacinthus of some authorities seems undoubtedly to
have been our sapphire. In Rev. xx. 20 the Revised Version
retains the word jacinth, but gives sapphire as am alternative. §

“Most of the gems known in trade as hyacinth are only garnets—,
geperally the deep orange-brown b ite or ci stone:
and many of the antique engraved stones reputed to.be hyacinth
are probably garncts. The difference may be detected optically,
since the garnet is singly and the hyacinth doubly refracting;
moreover the specific gravity affords a simple means of diagnosis;
that of garnet being only about 3-7, whilst hyacinth may have
a density as high as 4-7. Again, it was shown many years ago
by Sir A, H. Church that most hyacinths, when examined by
the speciroscope, show a series of dark absorption bands, due
perhaps to the presence of some rare element such as uranjium
or erhium. . . L

.Hyacinth is fot' a' common mineral.' It occurs, with otheg
zircons, in the gem-gravels of Ceylon, and very fine stones have
been found as pebbles at Mudgee in New South Wales. Crystals
of zircon, with all the typical characters of hyadinth, occur at
Expailly,-Le Puy-en-Velay, in Central France, but they are not
large, cnough for cutting. : The stones which have been called
Compostella hyacinths are simply ferruginous. quartz from,
Santiago de Compostella in Spain. S (FRWRS
. HYACINTHUS,' in Greek mythology, the youngest son of the
Spartan king Amyclas, who reigned at Amyclae (so Pausanias,
iil. 1. 3, iii. 19. 5; and Apollodorus i. 3. 3, iii. z0. 3). Other.
stories make bim.son of Oecbalus, of Eurotas, or of Pierus
and the nymph Clio (see Hyginus, Fabulae, 271; Lucian, De
saltations, 45, and Dial. deor. 14). According to the general
story, which. is probably Jate and composite, his great beauty
attracted the love of Apollo, who killed. him accidentally when
teaching him to throw the discus (quoit); others say that
Zephyrus (or Boreas) out of jealousy deflected the quoit so that
it hit Hyacinthus on the head and killed him. According to the
representation on the tomb at Amyclae (Pausanias, loc. cil.)
Hyacinthus wag translated into heaven with his virgin sister
Polyboea. Out of his blood there grew the flower known as
the hyacinth, the petals of which were marked with the mournful
exclamation Al, AI, ** alas 77 (cf. ¢ that sanguine flower inscribed
with woe ). This Greek hyacinth cannot have been the flower
which now bears the name; it has been identified with a species
of iris and with the larkspur (delphinium Aiacis), which appear
to have the markings described. The Greek hyacinth was also
said to have sprung from the blood of Ajax. Evidently the

| Greek authorities confused both the flowers and the traditions. -

The death of Hyacinthus was celebrated at Amyclae by the
sccond, most important of Spartan festivals, the Hyacinthia,
which took place in the Spartan month Hecatombeus. What
month this was is not certain. Arguing from Xenophon (Hell,
iv. 5) we get May; assuming that the Spartan Hecatombeus
is the Attic Hecatombaion, we get July; or again it may be the
Attic Scirophorion, June. At all events the Hyacinthia was an
early summer. festival. It lasted threc- days, and the rites
gradually passed from mourning for Hyacinthus to rejoicings

" 3 The word is probably derived from an Indo-Eu n roof,
gnning ‘ youthful,” found in Latin, Greek, English and Sanskrit.

me have suggested that the first two letters arg from few, to rainv
(cf. Hyades).. .o
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in the majesty of Apollo, the god of light and warmth, and giver
of the ripe fruits of the earth (see a passage from Polycrates,
L ica, quoted by Ath 1390 D} criticized by L. R.
Farnell, Cults of the Greek Sictes, iv. 266 foll.). This festival is
dearly connected with vegetation, and marks the passage from
the youthful verdure of spring to the dry heat of summer and
the ripening of the corn.

The precise relation which Apoflo bears to Hyacinthus fs

obscure. The fact that at Tarentum a Hyacinthus tomb is
ascribed by Polybius to Apollo Hyacinthus (not Hyacinthius)
bas led some to think -that the personalities are one, and that
the hero is merely an emanation from the god; confirmation
is sought in the Apolline appellation rerphxeap, alleged by
Hesychius to have been used in Laconia, and assumed to describe
a composite figure of Apollo-Hyacinthius, Against this theory
is the essential difference between the two figures. Hyacinthus
is a chthonian vegetation god whose worshippers are affticted
and sorrowful; Apolla, though interested in vegetation, is never
regarded as inhabiting the lower world, his death is not celebrated
in any ritual, his worship is joyous and tiiumphant, and finally
‘the Amyclean Apollo is specifically the god of war and song.
Moreover, Pausanias describes the monument at Amyclae as
consisting of a rude figure of Apollo standing on an altar-shaped
base which formed the tomb of Hyacinthus. Into the latter
offerings were put for the hero before gifts were made to the god.
> On the whole it Is probable that Hyacinthus belongs originally
to the pre-Dorian period, and that his story was appropriated
and woven into their own Apollo myth by the conquering
Dorians. Possibly he may- he the apotheasis of a pre-Dorian
Ring of Amyclae. J. G. Frazer further suggests. that he may
Iave been regarded as spending the winter months jn the under-
world and returning to earth in the spring when the ¢ hyacinth "
blooms. ' In this case his festival represents perhaps both the
Dorian conquest of Amyclae and the death of spring before the
drdent heat of the summer sun, typified as usual by the discus
(quoit) with which Apollo is said to have slain him. With the
growth of the hyacinth from his blood should be compared the
oriental storiés of violets springing from the blood of Attis, and
roses and anemones from that of Adonis. As a youtbful vegeta-
tion god, Hyacinthus may be compared with Linus and Scepbrus,
both 4f whom are connected with Apollo Agyicus.
* See L. R. Farnell, Culls of the Greek States, vol. iv. (lw. ? 125
foll,, zﬁgfoﬂ..; 1. G. Frazer, Adonis, Attis, Osiris 1:0*), k. ik
ch. 7; ide, Lakonische Kulte, p. 290; E. Rhode, Psycke,
3rd ecii 137 fall,; Roscher, Lexikon d. griech. u. som, Mytk,, s.v.
" Hyakinthos ' (Creve); L. Preller, Gricchiscke Mythol, 4th cd.
1. 248 foll. T .M. M)

{ HYADES (“the rainy ones”), in Greek mythology, the
daughters of Atlas and Aethra; their number varies between
two and seven. As a reward for having brought. up Zeus at
Dodona and taken care of the infant Dionysus Hyes, whom they
conveyed to Ino (sister of his mother Semele) at Thebes when his
life was threatened by Lycurgus, they were translated to heaven
and placed among the stars (Hyginus, Poét. astrom. ii. 21).
Another form of the story combines them with the Pleiadcs.
According to this they were twelve (or fifteen) sisters, whose
brother Hyas was. killed by a’ snake while hunting in Libya
(Ovid, Fasti,.v. 165; Hyginus, Fab, 192). They lamented him
so bitterly .that Zeus, out of compassion, changed them into
stars~—five into the Hyades, at the head of the constellation
of the Bull, the remainder into the Pleiades. Their name is
derived from the fact that the rainy season commenced when
they rose at the same time as the sun (May 7-21); the original
conception of. them is that of the fertilizing principle of moisture.
The Romans derived the name from Js (pig), and translated it
by Suculae (Cicero, De nat. deorum, ii. 43). ) )
HYATT, ALPHEUS (1838-1902), American “naturalist, was
born at Washington, D.C., on the sth of April 1838, From
1858 to 1862 he studied at Harvard, where he had Louis Agassiz
for his master, and in 1863 he served as a_ volunteer in the Civil
War, . attaining the rank of captain. Xn 31867 he was appointed
curator of the Essex' Institute at Salem, and in 1870 became
professor of zoology and palacontology.at the Massachusetts

A
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Institute of Technology (resigned 1888), and custodian of the
Boston Society of Natural History (curator in 1881). ‘In 1886
he was appointed assistant for palasontology in the Cambridge
museum of comparative anatomy, and in 1889 was sttached
to the United States Geological Survey as palaeontologist for
the Trias and Jura. -He was the chief founder of the American
Society of Naturalists, of which he acted as first president in
1883, and he also took ‘a leading part in establishing the maride
hiological labaratogies at Annisquam and Woods Hole, Mass.
He died at Cambridge on the 15th of January 1902,

His works include Obscrvations on Fresh-waler Polysoa SIBGG;;
Fossil Cephalopods of the Museuin of Comparalive Zoology (1872);
Revision of Nortk' American Porifera (1875-1877); Genera of Fossil
Ce, podo (1883); Larval Theo the Origin of Cellular Tissue
(1884); Gemedis of the Arjelidu'?ls }; and Phylogen arl an oc-

uired characteristic (1894). He wrote the section on éep‘ alopoda in

1} von Zittel's Paldontologie (1.9008, and his well-known study on
the fossil: pond snails. of Steinheim (* The Genesis of the Tertiary
Species of Planorbis at Steinheim '*) appeared in the Memoirs of the
Boston Natural History Society'in 1880, He was one of the founders
apd cditors of the American Naturalist. : )

HYBLA, the name of several cities i Sicily. The best known
historically, though its exact site is uncertain, is Hybla Major,
near (o1 by some supposed to be identical with) Megara Hyhlaea
(g.2.): another Hybla, known as Hybla Minor or Galeatis, is
represented by the modern Paternd; while, the site of Hybla
Heraea is to be sougbt near Ragusa.

HYBRIDISM. - The Latin word Aybrida, Aibrida or ibrida
has been assumed to be derived from the Greek 88pis, an Insult
or outrage, and a hybrid or mongre} has been supposed to he
an outrage on nature, an unnaturai product: As a general rule
animals and plants belonging to distinct-species do not produce
offspring when trossed with each other, and the term hybrid
has been employed for the.result of a fertile cross between
individuals of different species, the word mongrel for the more
common result of the crossing of distinct varicties. A closer
scrutiny of the facts, however, makes the term hybridism less
isolated and more vague. The words species and genus, and
still more subspecies and variety, do not correspond with clearly
marked and sharply defined zoologica!l categories, and no exact
line can be drawn between the various kinds of crossings from
those hetween individuals apparently identical to those belonging
to genera univérsally recognized as distinct. Hybridism therefore
grades into mongrelism, mongrelism into cmss-bmding and cross
breeding into normal pairing, and we can say little more thaf
that the success of the union is the more unlikely or more un-
natural the further apart the parents arc in natural affinity.

The interest in hybridism was for a long time chiefly of a
practical nature, and was due to the fact that hybrids are often
found to present characters somewhat different from those of
either parent. The leading facts have been known in the case
of the horse and ass from time immemorial. The earliest recorded
observation of 2 hybrid plant is by J. G. Gmelin towards the end
of the 17th century; the next is that of Thomas Fairchild, who
in the second decade of the 18th century, produced the cross
which is still grown in gardens under the name of * Fairchild's
Sweet William.” Linnaeus made many experiments in the
cross-fertilization of plants and produced several hybrids, but
Joseph Gottlieb Kélreuter (1733-1806) laid the first real founda-
tion of our scientific knowledge of the subject. Later on Thomas
Andrew Knight, a cclebrated English horticulturist, devoted
much successful labour to the improvement of fruit trees and
vegetables by ctossing. In the second quarter of the igth
century C. F. Girtner made and published the results of a number
of experiments that had not been equalled hy any earlier worker.
Next came Charles Darwin, who first in the Origin of Species,
and later in Cross and Sclf-Fertilization of Plants, subjected the
whole question to a critical examination, reviewed the knowm
facts and added many to them. ) ’
- 'Darwin's conclusions were summed up by G. J. Romanes in the
9th edition of this Encyclopaedia as follows;~ .

1. The laws governing the production of hybrids are identical, or
nearly identical, in the animal and vegetable kiogdoms. -

2, The sterility which so generally attends the crossing of two
specific forms is to be distinguished 4s of two kinds, which, although
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often confounded by lists, are in reality quite distinct. For
the sterility may obtain between the two parent species when first
, or it may first assert itself in their hybrid prageny. In the
latter case the hybrids, although possibly produced without any
appearance of infertility on the part of their parent species, nevesthe-
less prove more or less infertilc among themselves, and also with
members of either parent specics. .
. The degree of both_kinds of infertility varies in the case of
different species, and in that of their hybrid progeny, from absalute
sterility up to complete fertility. Thus, to take the case of plants,
** when pollen from a plant of one family is placed on the stigma of a
plant of a distinct family, it exerts no more influence than so much
unorganic dust. From this absolute zero of festility, the pollen of
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Assam. St M. Podmore has produced successful between the
wood-pigeon (Columba palumbus) and a domesticated varietr of the
rock plgeq:ééc. fivia). Among mammals noteworthy ts have
beea obtained by Professor Cossar Ewart, who has bred nine zchra
hybrids by crossing mares of various sizes with a zebra stallion, and
who has studied in addition three hybrids out of zebra mares, one
sired by a donkey, the others by ponies. Crosses have been made
between the common rabbit OSchw cunicul. 5)-and the guinea-pig
ggm cobaya), and examples of the results have been exhibited in the
logical Gardens of Sydney, New South Wales. The Carnivors
E:nenlly are very easy to hybridize, and many successful experiments
ve been made with animals in taptivity, Karl. Hagenbeck of
Hamburg has produced crosses between the lion (Felis ico) and the
}lg:r (f. ligris). What was probably & * tr-hybrid ' in which lion,

different species, applied to the stigma of some one species of the same
genus, yieldsa ect gradation in the b prod ‘nl‘xjp
to neariy complete, or even quite complete, fertility; 80, in hybrids
themselves, there are some which never have produced. and probably
never would produce, even with the pollen of the pure parents, a
single fertile seed; but in some of these cases a first trace of fertility
may be detected, by the n of one of the pure parent species
causing the Aower of the bybrid to wither earlier than it otherwise
would have done: and the early withering of the Hower is well
known to be a sign of incipient fertilization. From this extreme
degree of uerilitw have seli-fertilized hybrids producing a greater
and greater number of seeds up to perfect fertility.” L
- 4 Although there is, as a rule, a certain parallelism, there is no
fixed relation between the degree of steribty manifested by the

rent species when crossed and that which is manifested by their
g;brid progeny. There are many cases In which two pure species
can be crosted with unusual facility, while the resulting hybrids are
remarkably sterile; and, here ies which can
only be cro: 2
produced, are very fertile. Even within the limits of the same genus,
these two opposite cases may occur. . N

§. When two sp are reciprocally d, .. male A with
female B, and male B with fen;ll.lewA. the degree of sterility often
differs greatly in the two cases,.. The sterility of the resulting hybrids,
may differ hkewise. : R .
+ 6.9The degree of sterility of first crosses and of hybrids runs, to a
certain extent, parailel with the systematic affinity of the forms
which are united. * For species belonging to distinct. 8 can
rarcly, and thase.belongirig to distinct families can never, be crossed.
‘The parallelism, however, is far from completc; for a multitude of
closely allied species will not unite, or unite with extreme difficulty,
whilst other species, widcly different from eaeh other, can be crossed
with perfect facility. Nor does the difficulty depend on ordinary
constitutional differences; for annual and perennial plants, decidu-
ous and evergreen trees, plants flowuinF at different seasons, in-
habiting different stations, and naturally living under the most
opposite climates, can often be cvo with ease. The difficulty ot
{acility apparently depends exclusively on the sexual constitution of
the spegies which are crossed, or on. their sexual elective affinity,”

» Thete are many new records as to the production of hybrids.
Horticulturists have been extremely active and successiul in
their attempts to produce new flowers or new varieties of vege-

tabies by seminal or graft-hybrids, and any flocist’s catalogue or.

the account of any special plant, such as is to be found in Foster-
Melliar's Book of the Rose, is in great part a history of successful
hybridization.
by botanists, notably by de Vries, to tbe results of whose experi-
ments we shall recur. » Experiments show clearly that the
obtaining of hybrids is in many cases merely a matter of taking
sufficient trouble, and the successful crossing of genera is not
infrequent. _ L

Focke, for instance,” cites cases where hyhrids were obtained
between Brassica and Rapkanus, Galium and Aspersla, Campanula
and Phyteuma, Verbascum and Celsia. Among animals, new records

and new experiments are almost equally. numerous. Boveri has
crossed Eckinus «microluberculatus with Sph ks’ gronularis,
Thomas Hunt Mo even obtained hybrids between Asterias, a

starfish, and ‘Arbacts, a sea-urchin, a crass as remote as would be
that between a fish and a mammal. Vernon got many hybrids by
fertilizing the eggs of Sbmgo«nlmtu: lividus with the sperm of
Sphaerechinus granularis.. Standfuss has carried on an enormous
series of experiments with Lepidopterous insects, and has obtained &
very large serics of hybrids, of which he has kept careful record.
Lepidopterists generally begin to suspect that many curious forms
offercd by dealers as néw species are products got b{ crossing known
specics, Apelld has ded with Tel fish; Gebhardt and
others with Amghlb:a. Elliot and Suchetet have studied carefully
the question of hybridization occurring normally among birds, and
have got together a very large body of evidencc. Among the cases
cited by Elliot the. most stnking are that of the hybrid between
Colaptes cafer and C. auratus, which occurs over a very wide area of
North America and is kmgm asC. h’b’m and the hybrid between
; A s horsfilds, whi to be

L v

, are
with extreme difficulty, though the hybrids, when |

Muchspecial experimental work has been done.

pard and jaguar were mi was exhibited by a London show-
man in 1908, Crosses between van pecies of the ller cats
have been fertile on many occasions. The black bear (Ursus ameri-
canus) and the European brown bear (U. arclos) bred in the London
Zoological Gardensin 1859, but the three cubs did not reach maturity.
Hybnids between the brown besr and'the grizaly-bear (U. korribilis)
have been produced in Cologne, whilst at Halle since 1874 a series of
successful matings of polar (l}. mgaritimys) and brown bears have
been made. mples of these hybrid bears have boen exhibited
by the London ical Society. The London Zoological Sociery
has also success{ully mated ! species of lopes, for i
the water-bucks Kobus ellipsiprymnus and K, uscisosus, and Selous’s
antelope Limnolragus selouss with-L, graiss.
. ‘The causes militating against the production of hybrids
have also received considerable attention. Delage, discussing
the question, states that tbere is a general proportion between
sexual attraction and zoological affinity; and in many cases
hybrids are not naturally produced simply from ahsence of the
stimulus to sexual mating, or because of preferentlal mating
within tbe species or varicty.y In addition to differences of
habit, temperament, time of maturity, and so forth, gross
structural differences may make mating impossible. Thus
Escherick contends that among insects tbe peculiar structurg
of the genital appendages makes cross-impregnation impossible,
and there is reason to believe that the specific peculiarities
of the modified sexual palps in male spiders have a similar
result. PR -~ ~

The Jifficultics, however, may not éxist, or may he overcome by

‘experiment, and frequently it is only careful management that is

required to ormduqc crossing. Thus it has been found that when
the pollen of one species does not succeed ia fertilizing the ovules
of another speciea, yet the reci cross may be successful; that
is to say, the pollen of the second species may fertilize the ovules
of the first. H. M. Vernon, working with sea-urchins, found that the
obtaining of hybrids depended on the relative maturity of the
sexval products. The difficulties in ing app ty mayrah
tend to the chemiotaxic of the actual sexual cells. Thus
when the spermatozoa ol aa urchin were placed in a drop of sea-
water containing npt:1 ;ﬁ; of an urchin and of a starfish, the former

eggs became surroun y clusters of the male cells, while the latter
appeared to excrt little attraction for the alien germ-cells. Finally,
when the actual impregnation of the egg is le naturally, or

been secured l‘a_r artificial means, the developmeat of the hybrid may
stop at an carly stage. Thus hybrids between the urchin and the

starfish, animals belonging to different classes, reached only the
stage of the pluteus larva.wA. D. Apells, experimenting ~with
Te&o&nnﬁsh( od that very often i n and

ou preghation ai
tion occurred, but that the development broke down immediately
afterwards. W. Gebhardt, crossing Rana esculenta with R. arvalis,
found that the cleavage of the ovum was normal, but that -ab-
normality began with the gastrula, and that development Soon
Becweon hl“ﬁ;'izarsm T Aot ot et ot L hich e vcomptens
ween the zoo nity and the extent to  the incomplete
development of the bybrid ;Ayocecds. : ) ;
As to the sterility of hybrids snter 'se, or with either of the
parent forms, information is still wanted, Delage, summing up
the cvidence in a general way, states that mongrels are more
fertile and stronger than their ts, while hybrids are at
least equally hardy but less fertile. While many of the hybrid
products of horticulturists are cestainly infertile, others appear
to be indefinitely fertile.. . . .
Focke, it is true, states that the hybrids between Primuls axricula
and P, hirsula are fertile for many generations, but not indefinitely
30; hut, while this may be true for the particular case, there seems
no reason to doubt that many plant hybrids are quite fertile. in the
case imals the evidence is rather against fertility. dfusa,
who has made experiments lasting over many years, and who has
dealt with many genera of Lepidoptera. obtained no fertile hybrid
females, although he found that hybrid males paired readily and
mwezuywil pure-bred females of the parent races. »
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dealing with birds, concluded that no hybrids were fertile with one
another beyond the second generation, but thought that they were
fertile with wmembers of the parent races. allace, on the other
hand, cites from Quatrefages the case of hybrids between the moths
Bom cynihio and B. crrindia, which were stated to be fertile
fnier s¢ for e‘i’ght generations, He also states that hybrids between
the sheep and goat have a limited fertility inter se. Cbarles Darwin,
however, had evidence that some hybrid ph were pletely
fertile, and be himself interbred the eny of crosses between the
common and Chinese geese, whilst there appears to be no doubt as to
the complete fertility of the crosses between masny species of ducks,
J. L. Bonhote having iaterbred in variou or several genera-

S CTOSSey
tions the mallard (Anas boschas), the Indian spot-hill duck (4.

ka), the New Zealand duck (4. superciliosa) and the

acuia). more’s n hybrids were’ fertile $nter
#¢, a specinren having been exhibited at the London Zoological
Gardens, The hzebrida between the brown and polar bears bred at
Halle proved to be fertile, both with one of the parent species and
with one another. .

Cornevin and Lesbre state that in 1873 an Arab mule was fertilized |

in Africa by a stallion, and gave birth to female offspring which she
suckled. AN three were bn;%ht to the Jardin d'Acclimatation in
Paris, and there the mule a secoad female colt to the same
father, and subsequently two male colts in succession. to an ass and
to a stallion. The (emale progener were fertilized, but their offspting
were feeble and died at birth, Cossar
secent Indian case in which a ferhale mule gave hirth to a male colt.
He Eoinu_ out, howsver, that many mistakes have been made about
the breeding of hxlbﬁd' and is not altogether inclined to accept this
sup case; Very fittle has been published with regard to the
most important question, as to the actual condition of the sexual
organs and cells in hybrids. -There not appear to be gross
ical defect to for the infertility of hybrids, but
icroscopical examination in a large number of cases is wanted.
gouar art, to whom indeed much of the most Interesting recent
work on hybrids is due, states that in male zebra-hybrids the sexual
cells were immature, the tails of the spermatozoa being much shorter
han those of the similar celis in stallions and zebras. He adds,
however, that the male hybrids he examiged, were young, and might
not have been lly_ e ined microscopically- the
ovary of a femaie zebra-hybrid and found one large and several small
follicles, in all respects similar to those in a normal mare or
female zebra. A carcful study of the sexual organs in animal and
lant hybrids is VCIZ much to be desired, but it may be said that so
Par as our present knowledge goes there is not to L expected any
obvious microscopical cause of the relative infertility of hybrids.
{. The relative variability of hybrids has received considerable
sttention from many writers, Horticulturists, as Bateson has
written, are “ aware of the great and striking variations which
occur in so many orders of plants when hyhridization is effected.”
The phrase has been used . hreaking the constitutjon of a
plant ” to indicate the effect produced in the offspring of a
hybrid union, and the device is frequently used by those who are
seeking for novelties to introduce on the market. It may be

said gencrally that hybrids are variable, and that tbe products.

of hyhrids are still more variable, J. L. Bonhote found extreme
wariations amongst his hybrid ducks. Y. Delage states that
in reciprocal crosses there is always a marked tendéncy for the
offspring to resemble the male parents; he quotes from Huxley

that the mule, whose male parent is an ass, is more like the ass,

and that the hinny; whose male parent is a horse, is more Like
the horse. Standfuss found among Lepidoptera that males
were produced much more often than females, and that these
males paired readily. - The freshly batched larvae closely
‘resembled the larvae of the female parent, but in the course of
growth the resemblance to the male increased, the extent of the
final approximation to the male depending on the relative
phylogenetic age of the two parents, the parent of the older
species being prepotent. In reciprocal pairing, he found that the
male was able to transmit the characters of the parents in 2
higher degree. Cossar Ewart, in relation to gebra hybricz, has
discussed the matter of resemblance to parents in very great
detail, and fuller information must be sought in his writings.
He shows that the wild parent is not necessarily prepotent,
although many writers have urged that view, He described
three hybrids bred out of a zebra mare by diflerent horses, and
found in all cases that the resemblance to the male or horse
parent was more profound. Simiiatly, zebra-donkey hybrids
out of zehra mares bred in France and in Austraiia were in
cbaracters and disposition far more like the donkey parents.
The results which he obtained in the hybrids which be bred

Ewart gives an account of a°
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from a zebra stallion and different mothers were more variable,
but there was rather a balance in favour of zebra disposition
and against zebra shape and marking.

“ Of the nine zebra-horse hybrids | have bred,” he says, * only two
in their make and_disposition take decidedly after the wild parent.
As explained fully below, al! the hyhrids differ profoundly in the plan
of their markings from the zebra, while in their ground colour they
take after their respective dams or the ancestors of their dams far
more than after the. zcbra—the hybrid out of the yellow and white
iceland pony, e.g. Instead of being light In colour, as I anticipated.
is for the most part of a dark dun colouy, with but indistinct stripes.
The hoofs, mane and tail of the hybrids are at the most intermediate,
but this is perhaps partly owing to i ds the
of these respective dams, In tl di?o;ition and habits they all
undoubted!y agree more with the wild sire.”

. Ewart's experiments and his discussion of them also throw
important light on tbe general relation of hybrids to tbeir
parents. . He found that the coloration and pattern of his
zebra hybrids resembled far more those of the Somali or Grévy’s
zebra than tbose of tbeir sire—a Burchell’s zebra. In a general
discussion of the stripings of horses, asses and zebras, he came
to the conclusion that the. Somali zebra. rep d the older
type, and that therefore his zebra hybrids furnished important
evidence of the eflect of crossing in producing reversion to
ancestral type. The same subject has of course been discussed
at length by Darwin, in relation to the cross-breeding of
varieties of pigeons; but the modern experimentalists who
are following the work of Mendel interpret reversion differently
(see MENDELISM), . )

- Graft-Hybridism—1t is well known that, when two varieties or
allied species are grafted together, each retalns its distinctive
cbaracters. ‘But to this general, if not universal, rule there are on
record several alleged exceptions, in which either the scion is said
to have partaken of the qualities of the stock, the stock of the
scion, or each to have affected the other. Supposing any of these
influences fo have been exerted, the resulting product would
deserve to be called a graft-hyhrid. It is clearly a matter of
great interest to ascertain whether such formation of hyhrids by
grafting is really possible; for, if even one instance of such
formation could be unequivocally proved, it would show that
sexual and asexual reproductioa arc essentially identigal.

The cases of alleged graft-hybridism are exceedingly few; con-
sidering the enormous number of grafts that are made every year
by horticulturists, and have been so made for centuries. Of these
cases the most celebrated are those of Adam’s fuburnum (Cylisus
Adami) and the bizzarria .orangé. Adam’s inburnum is now
flourishing in numerous places throughout Europe, all the trees
having heen raised as cuttings from the original graft, which was
made by inserting a bud of the purple labugnum Into a stock of
the yellow, M. Adam, who made the graft, has left on record
that from it there sprang the existing bybrid. There can be no
question as to the truly hybrid character of the latter—all the
peculiarities of both parent species heing often blended in the
same raceme, flower or even petal; but until the experiment shall
bave been successfully repeated there must always remain a
strong suspicion that, notwithstanding the assertion and doubt-
less the belief of M., Adam, the bybrid arose as a cross in the
ordinary way of seminal reproduction. Similarly, the bizzarria
orange, wbich is unquestionably a hybrid between the bitter
orange and thie citron—since jt presents the remarkable spectacle
of these two different fruits blended into one—is stated by the
gardener who first succeeded in producing it to have arisen'as a
graft-hybrid; but here again a similar doubt, similarly due to the
need of corroboration, attaches to the statement. And the same
remark applies to the still more wonderful case of the so-called
trifacial orange, which blends three distinct kinds bf fruit in one,
and which is said to have been produced hy artificially splitting
and unjting the seeds taken from the three distinct species, the
fruits of which now occur blended in the triple hybrid.

The other instances of alleged graft-hybridism are too numer-
ous to be here noticed in detajl; they refer to jessamine, ash,
hazel, vine, hyacinth, potato, beet and rose.? Of these the cases
of the vine, beet and rose are the strongest as evidence of graft-
hybridization, from the fact that some-of them were produced
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careful experiments made by very competent
experimentalists. On the whole, the results of some of these
experiments, aithough so few in number, must be regarded as
making out a strongcase in favour of the possibility of graft-
hybridism. For it must always be nemelnbexed that, in experi-
ments of this kind, negative evidence, however great in ,
may be logically dnsmpated by a single positive result.

Theory of Hybridism.~—Charles Darwin was interested in
hybnd:sm as an experimental side of biology, but still more
iromthcbeanngot the facts on the theory of the origin of
species. It is obvious that although bybridism is occasionally
possublc as an exception to the general infertility of speuu
tnier sc, the exception is still more minimized when it is re-
membered that the hybrid progeny usually display some degree
of sterility. The main facts of hybridism appear to lend support
to the old doctrine that there are placed between all species
the barricrs of mutual sterility. The argument for the fixity
of species appears still stronger when the general infertility of
species crossing is contrasted with the general fertility of the
crossing of natural and artificial varieties. Darwin himself,
and afterwards G. J. Romanes, showed, however, that the
lheory of natural selection did not require “the possibility of the
commingling of specific types, and that there was no reason to
suppose that the mutation of species should depend upon their
mutual crossing. There existed more than enough evidence,
and this has been added to since, to show that infertility with
other species is no criterion of a species, and that there is no
exact parallel between the degree of affinity between forms and
their readiness to cross. The problem of hybridism is no more
than the explanation of the generally reduced fertility of remoter
crosscs as compared with the generally increased festility, of
crosses between organisms slightly dificrent. Darwin considered
and rejected. the view that the inter-sterility of epecies could
have becn the result o( natural selection.
s “ At o:eht:dme it ap| ) to me

ies, 6l 3
ﬁr’:t‘ crosses and :f hﬁnds rm?ht have been slowly acquired through
the nataral nlectlon of slightly lessened degrees of fertility, which,
like any other vammon. spontlneoualy appeared in certain indi-
viduals of one hen crossed with those of another variety.
F or it would clear} wdvantumm to two varieties or incipieat

if they could be kept from blending, on the same principle
t, when man is selecting at the same time _two varieties, it is

" he wrote

that he should keep them te. In the first t
w:ewlwd that weid inhabiting distinct regions agehgteten
-tenle when crossed ; now it could clearly have been ol no advan

to such separated specics to have been rendered mutually sterile an
consequently, this could not have been effected through nuurai
selection; but it may ps be argued that, if a species ‘were

.stesile with some m oompam s ncnlkrv with other

would follow as a necessary co n the second

%ce it is almost as much opposed to the theory of natural selection
as to that of s 1 cmuon. that in reciprocal crosses the male
element of one form should have been rendered utterly impotent on a
second form, whilst at the same time the male element of this second
form is emi:led freely to fertilize the first form; (or thu peculiar
state of the nproducnve system could hardly have been advantage-
ous to either species.

Darwin came to the conclusion that the sterility of crossed
species must be due to some principle quite independent of
patural selcction. "In his search for such a principie be brougbt
together much evidence as to the instability of the reproductive
system, pointing out in particular bow frequently wild animals
in captivity fail to breed, whereas some domesticated races have
been so modified by confinement as to be fertile together although | sa
they are descended from species probably mutually infertile.
He was disposed to regard the phenemena of differential sterility
as, 30 to speak, by-products of the process of evolution. G. J.
Romanes afterwards developed his theory of physiological
selection, in which he supposed that the appearance of differential
fertility within a species was the starting-point of new species;
certain individuals by becoming fertile only émfer s¢ proceeded
along lines of modification diverging from tbe lines followed by
other members of the species. Physiological selection in fact
would operate in the same fashion as geographical fsolation;
i a portion of a species separated on an island tends to become

Origin of
as it has to othen. that the é.enhty of
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& new species, .ol.lsoapormnupluted by infertility with the
others would tend to form a new species. According to Romanes,
therefore, mutual infertility was the starting:point, not the
result, of specific modification. Romanes, however, did not
associate his interesting theory with a sufficient number of facts,
and it has left little mark on the history of the subject. A. R.
Wallace, on the other hand, has argued that sterility between
mdpuem. species may have been increased by natural selection in
the same fashion as other favourable variations are supposed to
have been accumulated. He thought that “ some slight degree
of infertility was a not infrequ:nt accompaniment of the external
differences which always arise in a state of nature between
varieties and incipient species.”
Weismann concluded, from an examination of a series of plant
hybrids, that from the same cross hybrids of different character
may be obtained, but that the characters are determined at
the moment of fertilization; for he found that all the flowers
on the same hybrid plant resembled one another in the minutest
details of colour and pattern. Darwin already had pointed to the
act of fertilization as the determining point, and it is in this
direction that the theory of hybridism has made the greatest
advance.

"The starting-point of the modern views comes from the
experiments and conclusions on plant bybrids made hy Gregor
Mendel and published in 1865. It is uncertain if Darwin had
paid attention to this work; Romanes, writing in the oth edition
of this Emcydopaedia, cited it without comment. First H. de
Vries, then W. Bateson and a series of observers returned to the
work of Mendel (see MeNDELISM), and made it the foundation
of much experimental work and still more theory. It is stili too
soon to decide if the confident predictions of the Mendelians
are justified, but it scems clear that a combination of Mendel's
numerical results with Weismann'’s (see Hereorry) conception
of the particulate character of tbe germ-plasm, or hereditary
material, ia at the root of the ph of hybridism, and
that Darwin was justified in supposing it to lie outside the
sphere of natural selection and to be a fundamental fact of

living matter.
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HYDANTOIN (glycoly! urea), CoHiN:Ox or CO<NH-(:0'

the urelde of glycollic acid, may be obtained hy heating al]anloin
or alloxan with hydriodic acid, or by heating hromacetyl ured
with alcoholic ammonia. It crystailizes in needles, melting
st 216° C.

When hydrolysed with baryta water yields hydantoic
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(glycoluric) acid, H;N-CO-NH-CHy-CO:H, which isreadily soluhle
in hot water, and on heating with hydriedic acid decomposcs
into ammonia, carbon dioxide and glycocoll, CHs-NHy-COp-H.
Many suhstituted hydantoins are known; the a-alkyl bydantoins
are formed on fusion of aldehyde- or ketone-cyanhydrins
with urea, the S-alkyl hydantoins.from the fusion of mono-alkyl
glycocolls with urea, and the y-alkyl hydantoins from the action
of ‘alkalis and alkyl jodides on the a-compounds. vy-Methyl
hydantoin bas been ohtained as 2 splitting product-of caffeine
(E. Fischer, Ann., 1882, 213, p. 253). .

HYDE, the name of an English family distinguished in th
17th century, Robert Hyde of Norbury, Cheshire, had several
sons, of whom the third was Lawrence Hyde of Gussage St
Michael, Dorsetshire. Lawrence’s son Henry was father. of
Edward Hyde, earl of Clarendon (¢.v.), whose secorsd son by his
second wife was Lawrence, earl of Rochester (g.v.); another son
was Sir Lawrence Hyde, attorney-general to Anne of Denmark,
James L's consort; and a third son was Sir Nicholas Hyde
{d. 1631), chief-justice of England. Sir Nicholas entered parlia~
ment in 1601 soon became promineat as an opponent ¢f the
court, though he does not appear to have distinguished himself
in the law. Before long, however, he deserted the popular
party, and in 1626 he was employed by the duke of Buckingbam
in his defence to impeachment by the Commons; and in the
following year he was appointed chief-justice of the king’s bench,
in which office it fell to him to give judgment in the celebrated
case of Sir Thomas Darnell and others who had been committed
to prison on warrants signed by members of the privy council,
which contained no statement of the nature of the charge against
the prisoners. In answer to the writ of habeas corpus the attorney-
general relied on the prerogative of the crown, supported hy
& precedent of Queen Elizabeth’s reign. Hyde, three other
judges concurring, decided in faveur of the crown, but without
going so far as to declare the right of the crown to refuse in-
definitely to show cause against the discharge of the prisoners.
In 1629 Hyde was one of the judges who condemped Eliot,
Holles and Valentine for conspiracy in parliament to Yesist the
. king's orders; refusing to admit their plea that they could not
be called upon to answer out of parliament for acts done in
parliament. Sir Nicholas Hyde died in August 1631.

Sir Lawrence Hyde, attorney-general to Anne of Denmark,
had eleven sons, four of whom were men of some mark. Henry
.mas an ardent royalist who accompanied Charles II. to the
continent, and retyrning to England was heheaded in 1630;
Alexander (1508-1667) became bishop of Salisbury in 1665;
Edward (1607-1650) was a royalist divine who was nominated
dean of Windsor in 1658, hut died before taking up the appoint~
ment, and who was the author of many controversial works in
Anglican theology; and Robert (1595~1665) became recorder of
Salisbury and represented that borough in the Long Parliament,
in’ which he professed royalist principles, voting against the
attaidder of Strafford. Having been imprisoned and deprived
of his recordership by the parliament in' 1645/6, Robert Hyde
gave refuge to Charles II. on bis flight from Worcester in 1651,
and on the Restoration be was knighted and made a judge of
the common pleas.. He died in 1665. Henry Hyde (1672-1753),
only son of Lawrence, earl of Rochester, became 4th earl of
Clarendon and 2nd eatl of Rochester, both of which titles became
extinct at his death. He was in no way distinguished, but his
wife Jane Hyde; countess of Clarendon and Rochester (d. x725),
was a famous beauty celebrated by the homage of Swift, Prior and
Pope, and by the groundless scandal of Lady Mary Wortley
Montagu. Two of her daughters, Jane, countess of Essex, and
Catherine, duchess of Queensberry, were also famous heauties
of the reign of Queen Anne. Her son, Henry Hyde (1710-1753),
known as Viscount Comhury, was a Tory and Jacobite member
of parfament, and an intimate friend of Bolingbroke, who
addressed ta him his Leiers on the Study and Use of History, and
On the Spirit of Patriotism. In 1750 Lord Cornbury was created
Baron Hyde of Hindon, but, as ha predeceased his father, this
title reverted to the iatter and became extinct at his death,
Lord Combury was celebrated as & wit and a conversationalist.

HYDE.{FAMILY)—HYDE

By his will he begn the papers of his great-grandfafher,

Lord Clarendon, the historian, to the Bodleisn Library at Oxford.
See Lord Clarendon, The Wﬂ.{_ﬂdwd. Earbof Clorenden (3 vola.y

Oxford, 1827); Edward F ke Judges of Esglond (Londoa,

184B-1864); Anthony A w&:r. Al oxzonienses (London, 1813~

1820); Samuel Pcpys, Diary and Correspondence, edi

Braybrooke (4 vols., London, 1854). .

HYDE, THOMAS (1636-1703), English Orientalist, was born
at Billingsley, near Bridgnorth, in Shropshire, on the 29th of
June 1636. He inherited his taste for linguistic studies, and
received his first lessons in some of the Eastern tongues, from
his father, who was rector of the parish. In his sixteenth year
Hyde entered King's College, Camhridge, where, under Wheelock,
professor of Arabic, he made rapid progress in Oriental languages,
8o that, after only one year of residence, he was invited to London
to assist Brian Walton in his edition of the Polygloit Bible.
Besides correcting the Arabic, Persic and Syriac texts for that
work, Hyde transcribed Into Persic characters the Persian
translation of the Pentatetich, which had been printed in Hebrew
letters at Constantinople in 1546. To this work, which Arch
bishop Ussher had thought well-nigh impossible even for a
native of Persia, Hyde appended the Latin version which accom-
panies it in the Polyglott. In 1658 he was chosen Hebrew reader
at Queen's College, Oxford, and in 1639, In consideration of his
erudition in Oriental tongues, he was admitted to the degree of
M.A. In the same year he was appointed under-keeper of the
Bodielan Library, and in 1665 lihrarian-in-chief. Next year he
was collated to a prebend at.Salisbury, and in 1673 to the arch-
dericonry of Gloucester, receiving the degree of D.D. shottly
afterwards. In 1691 the death of Edward Pococke opened up to
Hyde the Laudian professorship of Arable; and in 1697, on the
deprivation of Roger Altham, he succeeded to the regius chair
of Hebrew and a canonry of Christ Church. Undet Charles II.,
James II. and William III. Hyde discharged the duties of
Eastern interpreter to the court. Worn out by his unremitting
labours, he resigned his librarianship In 1707, and died at Oxford
on the 18th of February t703. Hyde, who was one of the first
to direct attention to the vast treasures of Oriental antiquity,
was an excellent classical scholar, and there was bardly an Eastern
tongue accessible to foreigners with which he was not familiar,
He had even acquired Chinese, while his writlngs are the best
testimony ‘to his mastery of Turkish, Arablc, Syriac, Persian,,
Hehrew and Malay,

In his chief work, Hisloria religionis velersss Persarum (1700),:
be made the first attempt to correct from Oriental sources the,
errors of the Greek and Roman historians who had described the
religion of the ancient Persians. His other writings and transla-
tions comprise Tabulae longitudinum e latitudinum siellarum.
fizxarum ez observatione principls Ulugh Beighi (1665), to which
his notes have given additional value; Quatuor evangelia.et acta
apostolorum lingua Malsica, caracleribus Europacis (1677);
Epistola de mensuris et ponderibus sersim sive sinensium (1688),
appended to Bernard’s De memsuris e pomderibus amtiquis;
Abrakam Peritsdl itinera mundi (1691); and De Judsis orientalibus
libri 11, (1694). ' "

With the exception of the Hislorig religionis, which was repub.
lished by Hunt and Costard in 1760, the writings of Hyde, including
some unpublished MSS,, were collected and peinted by Dr Gregory
Sharpe in 1267 under the title Syntagna dissertationum guas obim .. .
Thomas Hyds separalim edidit. ~ There is a life of the author pro-
{u«;%.7 Hyde also published a catalogue of the Bodleian Library
n 1674.

HYDE, a market town and shunicipal barongh in the Hyde
parliamentary division of Cheshire, England, 74 m. E. of Man«
chester, by the Great Central railway., Pop. (rgoz) 32,766.
It lies in the demsely populated district in the north-east of the
county, on the river Tame, which here forms the boundary of
Cheshire with Lancashire. To the east the outiying billa of the
Peak district of Detbyshice risc abruptly. The town has cotton
weaving factories, spinning mills, print-works, iron foundries
and machioe works; also manufactures of hats and margarine.
There are cxtensive coal mines in the vicinity, Hyde is wholly
of mpdern growth, though it contains a few ancienl houses, such




HYDE: DE. NEUVILLE-——HYDERABAD

as Newton Hall, in the part of the town so called. The old family
of Hyde held possession of the manor as early as the reign of
John. The borough, intorporated in 1881, is under a mayor,
6 aldermen and 8 councillors. Ares, 3081 acres. .
HYDE DE NEUVILLE, JEAN GUILLAUME, Baros (1y76~
1857), French politician, was born at La Charité-sur-Loire
(Nigdvre) on the 2sth of January 1776, the son of Guillaume
Hyde, who beionged to-an English' family which had emigrated
with the Stuarts after the rebellion of 1745. He Was only seven-
teen when he successfully defended a man d d by Fouché
before the revolutionary tribunal of Nevers. From 1793 onwards
he was an active agent of the exiled princes; he took part in the
Royalist rising in Berry in 1796, and after the coup d’éas of the
18th -Brumaire {November g, 1799) tried to persuade Bonaparte
0 recall the: Bourbons. An accusation of complicity in the
infernal machine conspiracy of 1800-180t was speedily rétracted,
but Hyde de Neuville retired to the United States, only to return
after the Restoration. He was sent by Louis XVIII. to London
to endeavour te persuade the British government to transfer
‘Napoleon to a remoter and safer place of exile than the isle of
Elba, but the negotiations were cut short hy the emperor’s
return to France in Murcb 1815, ln Janihary 1816 de Neuville
became Freuch amb at W g where he negotiated
a commercial treaty. On his return in 1821 he declined the
Constantinople embassy, and in Novermiber 1822 was elected
deputy for Cosne. Shertly afterwards he was appointed French
ambnssador at Lishon, where his efforts to eust Brilish influence
ion with the coup d’#lat of Dom M:gucl
(Apnl 30, 1824), in his suggestion to the Portuguese minister
toinvite the armed intervention of Great Britain. Tt wasassumed
that this would be refused, in view of the loudly proclaiméd
British principle of non-intervention, and that France would then
be in a position to undertake a duty that Great Britain had
declined. The scheme broke down, however, owing to the atti-
tude of the reactionary party in the government of Paris, which
disapproved of the Portuguese constitution. This destroyed
his influence at Lisbon, and he returned to Paris to take his
seat in the Chamber of Depuues In spxte of hxs pronounced
Royalism, he now sh Liberal tendéncies, d the
policy of Villéle's cabinet, and in 1828 became a member of the
moderate administration of Martignac ds minister of marine.
In' this capdcity he showed active sympathy with the cause of
Gréek independence. During the Polignac ministry (1829-
1830) he was again in opposition, being a firm upholder of the
charter;: but after the revolution of July 1830 he entered an
sl but solitary protest against the exclusion of the legitimate
line of the Bourbons from the throne, and resigned his seat.
He died in Paris on the 28th of May 1853.

His Mémofres el sonvenirs vots 1888), com %iled from his notes
by his nieces, the vicomtesse 8.’1 onnet and t e baronne Lauren-
cead, are of great for lution and

HYDE PARK, 2. small township of Norfolk county, Massa-
chusetts, U.S.A,, about 8 m. S.W. of the business centre of
Boston. Pop. (1890) 10,193} (1900) 13,244, of whom 3803
were foreign-born; (tgto census) 15,507. Its area is about
4% 8q. w. It is traversed by the New York, New Haven &
Hartford railway, which has lrge repair shops here, and hy
the N river and smaller streams. The townshlp contains
the. villlgesof Hyde Park, Readville (in which there is the famous
“ Weil ' tretting-track), Fairmount, Hazetwood and Clarendon
Hills. Until about 1856 Hyde Park was a farmstead. The valu¢
of the total factory product increased from $4,383,950 in pgoo
to $6,739,307 in 1908, or §3:7%. - In 1868 Hyde Park was
incorporated as & township, -belng formed of territory taken
from Dorchester, Dedbam and Miiton.

HYDERABAD, or HamarABAD, a city and district of British
¥ndia, in the Sind provihce of Bombay.  The city stands on a
hill about 3 m. from the left bank of the Indus, and had a popula-
tion in 1901 of 69,378. Upon the site of the present fort is
supposed to have stood the ancieat town of Nerankot, which
in the 8th century submitted to Mahotnmed bin Kasim. In
3768 the present city was founded by Ghulam Shah Kalhora;
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and it remained the capitil of Sind until 1843, when, after the
battle of M it was surrendered to the British, and thn
capital transferred to Karachi. ‘The city is built'on the most
northerly hills of the Ganga range, 1 site of great natural strength.
In the fort, which covers an area of 36 acres, is the arsenal of
the province, transferred thither from Karachi in 186z, and the
palaces of the ex-mirs of Sind.  An excellent water supply is
derived from the Indus. Tn addition to manufactures of silk,
gold and silver embroidery, lacquered ware and pottery, there
are three factories for ginning cotton. -There wure three high
schools, training colleges for masters and mistresses, a medical
school, an agricultural school for village officials, and a techmical
school. The city suffered from plague in 1896-1r897.

The Districr or HypERaBAD has an ares of 829t sq. m.,
with a population in tgox of 989,036, showing an increase of
15% in the decade. It consists of a vast alluvial plain, on the
left bank of the Indus, 2r6 m. long and 48 hrond. Fertile along
the course of the river, it degenetates towards the east into
sandy wastes, sparsely populated, and defying cultivation. The
monotony is relieved by the fringe of forest which marks the
course of the river; and hy the avenues of trces that line the
irrigation channels branching eastward from this stream. The
south of the district has a specfal feature in its large nataral
water-courses (talled dhoras) and basin-like shallows (thkaus),
which retain the rains for a long nme A limestone range
called the Ganga and the q y of garden lands
break the monotonous landscape. The pnnupal crops are
millets, rice, oil-seeds, cotton and wheat, which are dependent
on irrigation, mostly from government canals. There is a special
manufacture at Hala of glazed pottery and sttiped cotton cloth.
Three tailways traverse the district: (1) one of the main linés
of the North-Western system, following the Indus valley and
crossing the river near Hyderabad; (2) a hroad-gauge branch
running south to Badin, which will ultimately be extended
to Bombay; and (3) a metre-gauge lme from Hyderabad city
fnto Rajputana.

HYDBRABAD. HA!DAIABAD, also known es the Nizam’s
Dominions, the principal native state of India in extent, popula-
tion and political importance; ares, 82,608 sq. m.; pop.
(rgot) 11,541,142, showing a decrease of 3:4% in the decade;
estimated revenue 4% crores of Hyderabad rupces (£2,500,000).
The state occupies a large portion of the eastern platéau of the
Deccan. ' It is bounded on the north and north-east hy Berar,
on the south and south-east by Madras, and on the west by
Bombay. The country presents much variety of surface and
feature; but it may be broadly divided into two tracts, dis-
tinguished from one another geologically and etbnically, which
are locally known from the languages spoken’ as Telingana and
Marathwara. In some parts it is mountaiious, wooded and
picturesque, in others flat and undulating. The open country
includes lands of all deseriptions, imcluding many rich and fertile
plains, much good land not yet brought under cultivation, and
numerous tracts too sterile ever to be cultivated. In the north:
west the geological formations are volcanic, consisting principally
of ‘trap, hut in some parts of basalt; in the middle, southem
and south-western parts the country is overlaid with gneissic
formations. The territory is well watered, rivers being numerous,
and tanks or artificial pieces of water abundant, especially in
Telingana. The principal rivers are the Godavarf, with its
tributaries the Dudna, Manjira and Pranhita; the Wardha,
with its tributary the Penganga; and the Kistna, with its
lﬁbu!ary the Tungabhadra. - The climate may be considered
in genetal good; and as thete are no arid bare deserts, hot
winds are little felt.

More than half the revenue of the state is derived from the
land, and the development of the country hy irrigation and
railways has caused considerable expansion in this revenue,
though the rate of increase in the decade 1891~219ot was retarded
by a succession of unfavourahle seasons. The'soil is generally
fertile, though in some parts it consists of ckilka, a red and gritty
mould little fitted for purposes of agriculture. The principal
crops are millets of various kinds, rice, wheat, oil-aceds, cotton,
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tobacco, sugnr-cape, and fruits and garden produce in great
variety. Silk, known as iussur, -the produce of a wild species
of worm, is utilized op a large scale. Lac, suitable for use as a
resin or dye, gums and oils are found in great quantities. Hides,
raw and tanned, are articles of some importance in commerce.
The principal exports are cotton, oil-seeds, country-clothes
and hides; the imports are salt, grain, timber, Europein piece-
goods and hardware. The mineral wealth of the state consists
of coal, copper, iron, diamonds and gold; but the development
of these resources has not hitherto been very successful,
only coal mine now worked is the large one at Singareni, with an
annual out-turn of nearly half & million tons., This coal has
enabled the nizam’s guaranteed state railway to be worked so
cheaply that it now returns & handsome profit to the state. It
also gives encouragement to much-needed schemes of railway
extension, and to the erection of cotton presses and of spinning
and weaving mills. The Hyderabad-Godavari raflway (opened
in 19o1) traverses s rich cotton country, and cotton presses
have been erected along the line.
is based on the kali sikka, which contains approximately the
same weight of silver as the British rupee, but its exchange
value fell heavily after x893, when free coinage ceased in the
mint. In 1904, however, a new coin (the Mahbubin rupee)
was minted; the supply was regulated, and the rate of exchange
became about x15= 100 British rupees, The state sufiered from
famine during 19oo, the total number of persons in receipt of
relief rising to neazly 500,000 in June of that year. The nizam
met the demands for relief with great liberality.

The nizam of Hyderahad is the principal Mahomrmedan ruler
in India. The family was founded by Asaf Jah, a distinguished
Turk Idier of the emp Aurangzeb, who in 1713 was
appointed subahdar of the Deccan, with the titls of nizam-
ml-mulk (regulator of the state), but eventually threw off the
control of the Delhi court. Azaf Jah’s death in 1748 was followed
by an internecine struggle for the throne ng his d dants,

The currency of the aate |

" HYDERABAD—HYDER ALI .

systet, vied with each other in ostentstious extravaganoca
But in 1902, on the revision of the Berar agreement, the nizam
received 25 lakhs (£167,000) & year for the rent of Berar, thus
substituting a fizxed for a fluctuating source of income, and
2 British financlal adviser ‘was appointed for the purposs of
reorganizing the resources of the state. )

See S, H. Biigrami ‘and C. Willmott, Histarical end Descripiive
Skeich of the Ni:'n:'s Dominions (Bombay, 1883-1884):

HYDERABAD or Hamararap, capital-of the above stale,

The [ is situated on the right bank of the river Musi, a tributary of

the Kistna, with Goiconda to the west, and the residency and
its bazaars and the British cantonment of Secunderabad to the
north-east. It is the fourth largest city in Indis; pop. (1903)
448,466, including suburbs and cantonment. The city ltself is
in shape a parallelogram, with an ares of more than s sq. m.
It was founded in 1589 by Mahommed Kuli, filth of the Kutb
Shahi kings, of whose period several important buildings remain
as monuments. The principal of these is the Chas Minsr or
Four Minarets (159z). The minazets rise from arches facing the
cardinal points, and stand in the centre of the gity, with four
roads radiating from their base. The Ashur Khana (1504), &
ceremonial building, the hospital, the Gosha Mahal palace and
the Mecca mosque, a sombre building designed after a mosque
at Mecca, surrounding 2 paved quadzangle 360 fi. square, were
tbe other principal buildings of the Kutb Shabi period, though
the mosque was only completed in the time of Aurangzeb. The
city proper is surrounded by a stone wall with thirteen gates,
completed in the time of the first nizam, who made Hyderabad
his capital. The suburhs, of which the most important is
Chadarghat, extend over an additional area of 9 sq. m. There
are several fine palaces built by various nizams, and the British

idency is an imposing building in a large park on the left
bank of the Musi, N.E. of the city. The bazaars surrounding it,
and under its jurisdiction, gre extremely picturesque and are
thronged with natives from all parts of India. Four bridges

in which the British and the French took part, At one time
the French : Salabat Jang, blished himself with
the help of Bussy. But finally, in 1761, wben the British had
secured their predominance throughout soutbern India, Nizam
Ali took bis place and ruled till 1803. It was he who confirmed
the grant of the Northern Circars in 1766, and joined in the two
wars against Tippoo Sultan in 1792 and 1799. The additions
of territory which he acquired by these wars was afterwards
{1800) ceded to the British, as payment for the subsidiary force
which he had undertaken to maintain. By 8 later treaty in
1853, the districts known as Berar were * assigned ** to defray
tbe cost of the Hyderabad contingent. In 1857 when the
Mutiny broke out, the attitude of Hyderabad as the.,. i

crossed the Musi, the most .notable of which was the Purans
Pul, of 23 arches, built in 1593. On tbe 27th and 28th of
September 1go8, however, the Musi, swollen by torrential rainfall
(during which 15 in, fell in 36 hours), rose in flood to a height of
12 ft. above the bridges and swept them away. The damage
done was widespread; several important buildings were invalved,
including the palace of Salar Jang and the Victoria zenans
hospital, while the beautiful grounds of the residency were
destroyed. A large and densely populated part of the city was
wrecked, and thousands of lives were lost. The principal
educational establishments are the Nizam college (first grade),
engineen‘n;‘i law, mm;d,LmL industrial and Sapskrit
$ 1, .n n A N

native state and the cy of the Mahommedans in India

a matter of extreme importance; but Afzul-ud-Dowla,
the father of the present ruler, and his famous minister, Sir
Salar Jang, remained loyal to the British. An attack on the
residency was repulsed, and the Hyderabad contingent displayed
their loyalty in the ficld against the rebels. In 1902 by a treaty
made by Lord Curzon, Berar was leased in perpetuity to the
British government, and the Hyderabad contingent was merged
in the Indian army. The nizam Mir Mahbub Ali Klian Bahadur,
Asaf Jah, a direct descendant of the famous nizam-ul-mulk,
was born on the 18th of August 1866. On the death of his
father in 1869 he succeeded to the throne as a minor, and was
invested with full powers in 1884. He is notable as the originator
of the Imperial Service Troops, which now form the contribution
of the native chiefs to the defeace of India. On the occasion
of the Panjdeh incident in 1885 he made an offer of money and
men, and subsequently on the occasion of Queen Victoria’s
Jubilee in 1887 he offered 20 lakhs (£130,000) annually for t_hree
years for the purpose of frontier defence. It was finally decided
that the native chiefs should maintain small but well-equipped
bodies of infantry and cavalry for imperial defence. For many
years past the Hyderabad finances were in a very unhealthy
condition; the expenditure consistently outran the revenue,
and the nobles, who held their tenure under an obsolete feudal

X is for Europeans and Eurasians.
Hyderabad is an-impartant centre of general trade, and there is &
cotton mill in its vicinity, The dty is supplied with water from
two notable works, the Husaia Sagar and the Mir Alam, both
large lakes rotained by great damws. Secunderabad, the British
military cantoomeng, is situated s} ra. N. of the residency;
it Includes Bolaram, the former headquarters of the Hyderabad
contingent. . .

HYDER ALL, or Hamas 'ALr (c. x722-1783), Indien ruler
and commander. This Mahommedan soldier-adventurer, who,
followed by his son Tippoo, became the most formidable Asiatic
rival the British ever encountered in India, was the great-gmndson
of 8 fakér or wandering ascetic of Jslam, who bad found his way
from the Punjab to Gulburga in the Deccan, and the setond son
of a nask or chief canstable at Budikota, near Kolar in Mysore,
He was born in 1722, or according to other authorities 1717.
An elder brothet, who like himself was early tursed out into
the world to seek his own fortune, rose to command & brigade
in the Mysore army, while Hyder, who never iearned to read or
write, passed the first years of hiy life aimlessly in sport and
sensuality, sometimes, however, acting as the ngent of his brother,
and meanwhile acquiring a useful familiarity with the tactics
of the French when at the height of thelr reputation under
Dupleix. He is said to have induced his brother to employ a
Parsee to purchase artillery and small arms from the Bombay.
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government, and to enrol some thirty saflors of different European
nations as gunners, and is thus credited with having been “ the
first Indian: who formed a corps of sepoys armed with fire-
locks and bayonets, and who had a train of artillery served hy
Europeans.” At the siege of Devanhalli (1749) Hyder's services
attracted the attention of Nanjiraj, the minister of the raja of
Mysore, and he at once received an independent command;
within the next twelve years his energy and ability had made
him completely master of minister and raja alike, and in every-
thing but in name he was rules of the kingdom. In 1763 the
conquest of Kanara 'gave him’possession of the treasures of
Bednor, which be resolved to make the most splendid capital
in India, under his own name, thenceforth changed from Hyder
Nnik into Hyder Ali Khan Bahadur;'and in 1765 he retrieved
previous defeat at the hands of the Mahrattas by the destruction
of the Nairs-or military caste of the Malabar coast, and the
conquest of Calicut. Hyder -Ali ‘now began . to occupy the
serions attention of the Madtus government, which in 1766
entered into.an agreement with the niram to furnish- him with
troops to be used against the common foe. * But hardly had this
alliance been formed ‘when a secret arrangement was come to
between the two Indian powers, the result of which was that
Colonel Smith’s small force was met with a united army of
80,000 men and 100 guns. British dash and sepoy fidelity,
bowever, prevailed, first in the battle of Chengam (September 3rd,
1767) and again still more remarkably in that of Tiruvannamalal
(Trinomalai). On the loss of his recently made fleet and forts
on the western coast, Hyder Ali now offered overtures for peace;
on thememonofthue,bnnyn allhnresourdsmdstntegy
into play, be forced Colonel Smith to raise the siege of Bangalore,
and brought his anny within s m. of Madras. The result was
the treaty of April 1769, providing for the mutual restitution
of all conquests, and for mutual aid and alliance in defensive
war; it was followed by a ial treaty in 1770 with the
suthorities of Bombay. Under these arrangements Hyder Al
when defeated by the Mahrattas in 1772, claimed British askt
ance, but in vain; this breach of faith stung him to fury, and
thencdmardheandhuwnddnotcanmthmtforveum
His time came when in 1778 the British, on the declaration of
war with France, resolved to drive the French out of India.
‘The capture of Mabé on the coast of Malabar in 1779, followed
by the sanexation of lands belonging to a dependent of his own,
gave him the needed pretext. Again master of all that the
Mahrattas had taken from him, and with empire extended to the
Knstna, he descended through the passes of the Ghats amid
burning villiges, reaching Conjeeveram, only 45 m. from Madras,

unopposed. Not till the smoke was seen from St Thomas's
Mount, where Sic Hector Munro commanded some 5300 troops,
was any movement made; them, however, the British general
sought to effect a junction with e smaller body under Colonel
Baillie recalled from Guntur. The incapacity of these officers,
potwithstanding the splendid courage of their men, resulted
in the total destruction of Baillie’s force of 2800 (September
the 10th, 1780). Warren Hastings sent from Bengal Sir Eyre
Coote, who, though repulsed at defeated Hyder
thxicesuwelyinthebﬂ.ﬂschmNm,Polldur
Shaolingerh, while Tippoo was forced to raise the siege of Wandi-
wash, and Vellore was provisioned. On the arrival of Lord
Mnmtuy-govanorofl&adns,theﬂnmhﬂeetmptumd
Negapatam, and forced Hyder Al to confess that he could never
ruin a power which had command of the sea. He had sent his
son Tippoo to the west coast, to seek the assistance of the French
fleet, when hudmh tqok place suddenly at Chittur in December
1782.

7SeeL. B. Bowring, Handanﬁi and Tipu Sulld‘:l. * Rulers of India
series (1893). For the characte: administration of

personal
Hyder Ali'see the His lory yder Natl written by Mir Hussein Ali
Kla Kirmani (translat from Persian by Colonel Miles, and

published 'l‘ranshnon Fund), and the curious work
written by X( dtm de l.a Tour. commandant of his artillery
(Histoire d Hnyder -AlL Khan. ‘E For the whole hife and
times sce Wilks, Fslo ulluofludw (1810-1817);
echison’s Treaties v (znd » 1876); asd Pearson, Memotrs

ds:ln-nm(la;u

‘part in the reviving commerce of
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HYDRA (or Smma, Noma, IpERO, &c.; anc. Hydrea), an
island of Greece, lying ebout 4 m. off the S.E. coast of Argolis
in the Peloponnsns and forming along with the neighbouring
island of Dokos (Dhoko) the Bay of Hydra. Pop. about 6200.
The greatest length from south-west to north-east is sbout 1r m.,
and the area is about 21 sq. m.; but it is little better than a
rocky and treeless ridge with hudly & patch or two of arable
soil. Hence the epigram of Antonios Kriezes to the queen of
Greece: “ The island produces prickly pears in abundance,
splendid sea captains and excelient prime ministers.” The
highest point, Mount Ere, so called {according to Minoules)
from the Albanian word for wind, #s 1958 ft. high. The next in
importanhce is known as the Prophet Elias, frons thelarge convent
of that name on its-summit, It was there that the patriot
Theodorus Kolokotrones was imprisoned, and @ large pine tree
is'still called after him. The fact that in former times the island
was richly clad with woods is indicated hy the tantestill employed
by the Turks, Tckamiiia, the place of piwes; but It is only in'
some hvouredspmsthnt;mmumnowwbefmmd
Tradition also has it that it was once a well-watered jaland
(hence the designatiop Hydrea), but the inhabitants wre now
wholly dependent on the rain supply, and they have sometimes
had to hring water from the mainland.” This lack of fountains
is probably to be ascribed in part to the effect of earthquakes,
which ave not infrequent; that of 1769 continued for six whole
days. Hydra, the chief town, is built negr the middle of the
northern coast, on a very site, consisting of three hills
and the intervening ravines. From the sea its white and hand-
some houses present g picturesque appearance, and its streets
though narrow are clean and attractive. Besides the principat
harbour, round which the towa is built, there are three othes
ports on the north coast—Mandraki, Malo, Penagia, but none
of them is sufficiently sheltered. Almost sll the population
of the island is collected in the chief town, which is the scat of »
bishop, and has a local court, numerous churckss and & high
school. Cottonmdulkmmg,mnmgmdshlpbuﬂdmg
are carried on, and there is a fairly active trade: ’

Hydra was of no importance in ancient times.. Theonlyhct
in its history is that the peeple of Hermione .€a city: on the
neighbouring mainland now known by the common name of
Kastri) surrendered it to Samian refugees, and that from these
the people of Troezen received it in trust. It appears to be com-
pletely ignored by the Byzantine chroniclers. In x580 it was
chosen as n refuge by a body of Albanians from Kokkinyas in
Troezenia; and other emigrants followed in 1500, 1628, 1633,
1640, 8tc. At the close of the 17th cesitury the Hydﬂotes took
the Peloponnesus; and in
course of time they extended their range. About 1716 they
began to build sakturia (of from xo0 to 15 tons burden), and ta
mttheishndsdthAm,mthngdmtheymunﬂmd
the latinadiks (40-50 toms), and sailed as far as. Alexandria,
Constantinople, Trieste and Venice; and hy and by thzy
ventured to France nndmnAmmca. From the grain trade
of south Russia more especially they derived great wealth. In
1823 there were about 22,000 people in the island, and of these
10,000 were seafarers. At the time of the outbréak of the war of
Greek independence the total population was: 28,190, of whom
16,460 were natives and the rest foreigners. One of their. chief
families, the Kbnduriotti, was worth £2,000,000. Into the
struggle the Hydriotes flung themselves with rare, enthusiasm
and devotion, and the final deliverance of Greece was mainly
due to the service rendered by their fieets. -

See Pouqueville, Voy. de Ia Grice, vol. vi.; Antonlos Miaoufles,
“Yeburmpa vepl ris rheow Topas (Munich, xsu). 1d. Swerrud 1«.;(-
vov ravuax iy 5id véw x)olaw T8r rolor vheow, “Tépas, Ilirowe xal

Nauplia, x833) 1d. “Ieropla ris vioov “Tipas SAdleM 1874): G D.
§(nue‘, opla rijs rioov “Tépes (Patras, 1860,

HYDRA (watersnake), in Greek legend, the offspring oﬁ'l‘yphon
and Echidna, a gigantic monster with nine heads (the number
is variously given), the centre one being immortal. Its haunt
was a hill beneath 2 plane tree near the river Amymone, in the
marshes of Lerns by Asgas. The destruction-of this Legnacan
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bydra was one of the twelve ““ labours ” of Heracles, which he
accomplished with the assistance of Jolaus, Finding that as
soon as one head was cut off two grew up in its place, they burnt
out the roots with firebrands, and at last severed the immortal
bead from the body, and buried it under a mighty block of rock.
The arrows dipped by Heracles in the poisonous blood or gall
of .the monster ever afterwards inflicted fatal wounds. The

generally accepted interpretation of the logend is that * the.
c{cnotes the damp, swampy ground of Lema with its |

bydra
numerous springs (xedalal, beads); its poisop the miasmic
vapours rising from the stagnant water; its death at the hands
of Heracles the introduction of the culture and consequent
purification of the soil ”’ (Preller). -A euhemeristic explanation
is given by Palaephatus (jo). An ancient king named Lernus
occupied & small citadel named Hydra, which was defended
by so bowmen. Heracles besieged the citadel and hurjed
firebmnds at the garrison.. As often as one of the defenders

HYDRA—HYDRATE

for the omamentation of the greenlouse asd conservatory.
Their natural lowering scason is towards the end of the summer,
bul they may be had earlier by means of fosting. H. faporica
is another fine conservatory plant, with foliage and habit much
resembling the last named, but this has fint corymbs of fowers,
the central ones small and perfect, and the outer paes only
enlarged and neuter. This also produces pink or blue flowers
under the influence of different soils.

The Japanese species of hydrangea are sufficiently bardy
to grow in any tolerably favourable situation, but except in.
the most sheltq-ed localities they seldom blossom to any degree
of perfection in the open air, the head of blossom depending
on the uninjured development of a well-ripened terminal bud,
and this growth being frequently affected by late spring frosts.
They are much more useful for pat-cultute indoors, and should
be reared from cuttings of shools haviog the terminal bud plump

fell, two others.nt once stepped into his. place. Tha citadel
mﬁnﬂy taken. with theuswmceo( the axpy of lolaus and
the garrison slain.

See Heslod, ., 313; &mm Hercules furens, 419;
e et B T D R
the .uymgom:el'" hydra by H ' P

HYDBA, in astronomy, l constellation of . the " southern

d (4th century B.c.) and
Amtus (31d century .c.), and mahgued by Ptolemy (27 stars),
Tycho Brahe (19) and Hevelius (31). Interesting objects arve:
the nebula H. I'V. 27 Hydrae, & planetary nebula, gaseous and
whose light is about equal to an 8th magnitude star; ¢« Hydrae,
2 heautiful triple star, composed of two yallow stars of the 4th
and 6th magnitudes, and a blue star of the 7th magnitude;
R. Hydrae, & long period (425 days) variable, the range in
magnitude being from 4 to ¢-7; and U. Hydrae, an irregularly
variable, the range in magnitude being 4-5 to 6.

HYDRACRYLIC ACID (ethylene lactic acid), CH,OH-CH,-
CO4H, an organic oxyacid prepared by acting with silver oxide and
water on f-iodopropionic acid, or from ethylene by the addition
of hypochlorous acid, the addition product being then treated
with potassium cyanide and hydrolysed by an acid. It may
also be prepared by oxidizing the trimethylene glycol obtained
by the action of hydrobromic acid on allylbromide. It is a
syrupy liquid, which on distillation is resolved into water and
the unsaturated myh‘c acid, CHy: CH-CO,H. Chromic and
nitric acids oxidize it to .oxalic acid and carbon diexide.
Hydracrylic aldehyde, CH;OH>CHy-CHO, was obtained in x904
by J. U. Nef (dnn. 335, p. 21g) as teolouzleu il by heating
acpolein with water. Dilute alkalis convert it into crotonalde-
hyde, CH,-CH: CH-CHO. ’

HYDRANGEA, a popular flower, the plant to which the name
is most commonly applied being Hydrangea Horiensia, 2 low

and p t, put in during summer, these dqvclbplng a mn;k
hud of fi the -

plants. may be had by nipping out the terminal bud and mdncu:c
three ar four shoots to start in its place, and these, being steadily
developed-and well ripened, should each: yleld its inflorescence
in the following summer, that is, when two years old. Large
plants. grown in tubis and vases sre fine subjects for large con-
servatories, and useful for decorating terrace walks and similar
places dunng summer, being boused in winter, and 5mted‘

under xhu in spnng

Hyd difiore 18 & very lundsome
plmt. the branched mﬂotacence under favourable circum-
stances is a yard or more in length, and consists of large spreading
masses of crowded white neuter flowers whicB completely conceal
the few inconspicuous fertile ones. The plant attains a height
of 8 to 1o ft. and when in flower late in summer nnd in autumn
is a very attractive object in the shrubbery.

The Indian-and American species, especially the latter, are
quite hardy, and some of them are extremely effettive. .

HYDRBASTINE, CyHyNQs, au alkaloid found with berberine
in the root of golden seal, Hydrastis canadensis, uplanundlgeno\n
to North America. It was discovered by Durand in 18_-,: md
its chemistry formed the subject of jons
by E. Schmidt and M. Freund (see Ann., 189:. 271, 'p. 311)
who, aided by P. Fritsch (A»n., 1895, 286, p. 1), estahlished
its constitution. It is related to narcotin‘e-, which is methoxy
hydrastine. The root of golden seal is useéd in medicine under
the name bydrastis rhizome, as a stomachic and nervine
stimulant. .

HYDRATR, in chemistry, & compound ining the elements
of water in combination, more specifically, & compound contain-

'ing the monovalent hydroxyl or-OH group. "Tbe first and more

general definition includes substances containing water of
crystallization, such salts are said to he hydrated, and when
depnved of their water to be dehydrated or.anhydrous. Com.

deciduous shrub, producing rather large oval strongly.veined
leaves in opposite pairs along the stem. It is terminated by
& massive globular corymbose head of flowers, which remaia a
long ‘period in an ornamental condition. The normal colour
of the flowers, the majority of which have neither stamens nor
pisti, is pink; but by the influ of sundry agents in the soil,
such as alum or fron, they become changed to blue. ‘There are
numerous varicties, one of the most noteworthy being * Thomas
Hogg ” with pure white flowers. The part of the inflorescence
which appears to be the flower is an exaggerated expansion of
the sepals, the other parts being genemlly abortive. The perfect
flowers are small, rarely produccd in the species above referred
10, but well illustrated by others, in which they occupy the inner
parts of the.corymb, the larger showy neuter flowers being
produced at the circumference.

There are upwards of thirty specnes, found chiefly in Japan,
in the mountains of India, and in North America, and many of
them are familiar in. gardens. H. Horlensia (I species long
known in cultivation in China and Japan) is the most useful
for decoration, as the head of flowers lasts long in a fresh state,
snd- by the aid of forcing can be had for. a considersble period

-difference between

braced by the second definition’ are more usually
termed hydroxides, since at ‘one time they were regarded as com-
hinations of an oxide with water, for example, calcium oxide or
lime when slaked with water yielded calcium hydroxide, writtea
formerly as CaO-H;O. The general formulae of hydroxides
are: M'-OH, M"“(OH)s, M}#i(OH),, M™¥(OH),, &¢., correspanding

\to the oxides Ms!O, MHO, My"'0,, M!¥0,, &c., the Romanindex

denoting the valency of the element. There is an important
non-metallic and metallic hydroxides;
the former are invariably acids (oxyacids), the latter are more
usually basio, although acidic metallic - oxides yidd acidic
hydroxides. Elements exhibiting strong basigenic or oxygenic
characters yield the most stable hydroxides; in other words,
stable hydroxides are associated with elements belonging to the
extreme groups of the periodic system, and unstable hydroxides

| with the central members, The most stable basic hydroxides.

are those of the alkali metals, viz. lithium, sodium, potassium,
rubiditm and caesitm, and of the alkaline earth metals, via.
calcium, barium and strontium; the most siable acidic hydroxides
are those of the elements placed in groyps VB, VIB and VIIB

 of the periodic table.



' o HYDRAULICS

mmvues (Gr. 830y, water, and ad\és, u pipe), the branch
of science which deals with the practical applications
o( the laws hydromechanics.

- 1. THE DATA OF HYDRAULICS?

§ 1. Properises of Fluids.—The fluids-to which the laws of
practical hydraulics relate are substances the parts of which
possess very great mobility, or which offer a very small reiistance
o d:stortxon indepérnidently of inertia. Under the general

head:

hence in & fluid at rest there can be-no tangential stress. But,
further, in fluids such as water, air, steam, &c., to which the
present divisian of the article relates, the tangentml stresses
that are called into action between contiguous portions during
distortion or change of figure are always small compared with
the* wexght inertip, pressure, &c., which produce the wvisible
motions. it is the object of hydn.uhcs to utimate On the other
hand, wMe a fluid passes. ‘easily from one form to another, it
opposes considerable resistance to change of volume. .

i It is easily deduced from the sbsence or smaliness of the
tangential stress that contiguous portions .of fluid act on each

other with a pressure which is exactly or very nearly normal |

to the interface which separates them. - The. stress must be a
pressure, tiot a tension, or the parts would separate. Further,
at any point in a fluid the pressure in all directions must be the
same; or, in other words, the pressure on any small element
of surface is independent of the orientation of the surface.
« § 2. Fluids are divided iato liquids, or incompressible fluids,
and gases, or compressible fluids. Very great changes of pressure
change the velume of liquids only by a small amount, and if
the pressure on them is reduced to zero they do not sensibly
dilate. In gases or compressible fluids the volume alters sensibly
for small ¢changes of p , and if the p is indefinitely
diminished they dilate without limit,

In ordinary hydraulics, Rqulds are treated as . absolutely

in . In dealing with gases the chanses of volume
wluch accompany dungu of pressure must be_taken into
acoount.

hanics & fluid is defined to be a substance-
which ylelds contipuzlly to the slightest tangential stress, and |

[ an expression first proposed
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If we suppose ithe liquid betweén ob and @3 divided into layersas
shown in fig. 2, it will be clear that the stress R acts, at each dividing
face, forwards in the direction of motion if we consider the upper
layer, backwards if we consider the lower layer. Now su
original thickness of the layer T increased to #T; lltiem dnn
plane in its new position has the velocity sV, the sh earing at mﬁ

dividing face will be exactly the same as before, and the resistzace
must t&dore be the same. Hence, .
R=du(nV). - {2)

But eqnatm: gZed (2) may both be expressed in oue equation i
nd nsta inverse} the
;fat.he.lnay:ng’munx);::?l‘ 2l averscly aathe thickness
"FUV'T
or, for an indeﬁmtely thin laycr.

R =yuadV/dt, (3)
by L. M. H. Navier. Thcooeﬂicwntu is
termed the coefficient of viscosit;

According to J. Clerk Maxwelrthe value of u for airat@° Fahr. in
pounds, when the velocities are expreued in feet per second, is
#=0-000 000 025 6(461°16); '
that is, the coelﬁcaent of viscosif u proportional to the absolute
tem ratulre a:fd X of ﬁa
The value uor'a,taat hr, is, according to H. von
Helmholtz and G. Piotrowski w &
[ w0000 018 8, -
thre \‘mitrbcmgﬁle =ame as-before. For water Iy dmnpid!y
with increase of temperature.

§ 4. When a fluid flows in a very regular manner , asforinstange
when it flows in a capillary tube, the velocities vary graduany
at any moment from .
one point of the flyid
tod neighboutring
point. The layer ad- -
jacent to the sides of
the tube adheres toit
and is at rest. The
layers more interior
than this slide op each
other. But the Tesists
ance developed: by
these regular move-
mentsisvery small. 1f
inlarge pipesand open
channels ﬂxere yere a

Fi6. 2. S

“the nexghbounng ﬁhmenu

§ 3. Viscous fluids are those in which change of fomundcr a
continued, stress proceeds graduslly aad i

A very viscous fluid opposes great reusl;nee to change of form
in a short time, and yet may be deformed considerably by a
small stress acting for a long period. A block of pitch is more
easily splintered than indented by a hammer, but under the

action of the mere weight of its parts acting for a long enough |

time it flattens out and flows like a liquid. .

All actual fluids are “viscous.” They oppose a Tesistance
to the relative motion of thejr.parts. This resistance diminishes
with the velocity of the relative motion, and .becomes gero
in a fluld the parts of which are nlatively st yest. When the
relative motion of different parts of a fluid iswmail, the viscosity
may be neglected -without introducing important errors. On
the other hand whete there is considerable ~relative motion,

the viscosity. may be ex-
—“-::?y pected to have an influence
/ too great to be neglected.
Measurcment o& Viscosity.
. Cuﬁcuul Sscosity—
7 Suppose the plawe 6, fig, 1
area, w, to move with the
velocity V relatively to the
C ' surface cd and paraflel to it.
Letthembetwenbeﬁhdmmuqmd The layers of liquid
in contact with 6d and ¢d ddbere to them. The intermediate laaen
ull offering an equal resistance to shearing or distortion, l;’ect
angle of fluid abcd will take the form of the paraﬂelogram a'bed.
I-‘un‘her. the resistance to the motion of ab may be e
orm

———ogeee

R= [€Y)
whem cisa ¢oeﬁcmnt the natum d wln;h remains to be deter-
mi

of
would ncqum, cspecially near the sides, very great relative

] vdoulm. V. J. Boussinesq has shown that the centyal filament

in a semicircular canal of r metre radius, and inclined at a slope

| of only 0-0001, would have a velocity of 187 metres per second

the layer next the-boundary remaining at rest. But belorJ
such a difference of welocity can arise, the motion of the fluid
becomes much more complicated. Volumes of fluid are detached
continually from the boundaties, and, revolving, form eddiey
traversing the fluid in all directions, and sliding with finite
relative velocities inst those surrounding them. Thesé
shdmg devclop resistances incompamh!y greatet than the
viscous resistance dug to movemema varying contmuonsly (mm
point to point. The mo s which produce the
commonly ascribed to fluid friction must be regudcd as rapidly
or even suddenly varying from one point to another. The
internal fesistances to the motion of the fluid do not depend
merely on the general velocities of translation at different points
of the fluid (or what Boussinesq terms the mean local velocities),
but rather on the intensity at each point of the eddying agitation.
The problems of hydraulics are therefore much more complicated
than problems in which a regular motion of the ﬂmd is assumed;
hindered by the viscosity of the fluid.

RELATION OF PRESSURE, DENSITY, AND Tmnnnn
oF Liquins

35 Unils of Volume.—In practical calculations the cuble. f
gallon are largely used, and in metric countries the litre a
cubu: metre (= 1000 f! The imperial gallon is now cxcluswe:x
uacd in ﬁnghnd. but the United States hawe retained the old Engli
wine gallon.

'Except where other units are given, the units throy tPhout this
article are feet, pounds, pounds per 1q. ft., feet per secon

8 Journal de M. Liounille, t. xiii. (1868): Hmﬂ de I Acodémi

des Sciences de TInstitat de France, €. xxiii., xxiv. (1877).



1 cub, ft. 6-236 imp. gallons -481 U.S. gallons. *
1 imp. gallon : (.31 cnb..f‘. :17-200 us. gg:llom.
1 US gallon = 0-1337 cub. ft. =0-83313 img.. galloa.
1 litre = 0-2201 imp. gallon = 0-2641 U.S. gallon.

Density of Water —Water at 53° F. and ordinary pressure contains
62-4 B per cub. ft;, or 1o Ib per imperial gallon at 62° F. The litre
contains one kilogram of water at 4° C. or 1000 kilogrars per cubic
metre. River and spring water is not sensibly denser re
water. But average sca water weighs 64 1b per cub. ft. at $3° F
The weight of water per cubic unit will be denoted by G.  Ice free
from air weighs mza B per cub. ft, (Leduc).

§ 6. Compressioity of Luguids—The most i

HYDRAULICS
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the height & of the col iss of the p at the point
P. Let w be the area of section of thie p‘lpe. & the height of the
p 4 # the i ity of pi at P; then

g
P/GC=h;

that is, b is the height due to the pressure at p. The level 00 will
b:Ptermed thel}'rz surface lever-' PO f'_lothc,.

stP.

RELATION OF PRESSURE, TEMPERATURR, AND DENSiTY OF GaASES
{_io. Woﬁ,ﬂ,_’l{fm“‘“’ Temperature and Density in

show that liquids are sensi very t pressures,
and that u:qxo ap o(yﬁs b by or :bou"?:ooo th per
8q. in., the compression is pmportionaf to the pressure. The chief
results of experiment are given in the following table. Let V, be
the volume of a liquid in cubic feet under a pressure p{_lb per sq. ft.,

b 15ds, on the flow of air and
steam are o0 similar to
those relating to the flow

of water that they are 2

and V, ita volume under a pressure py. Thea the

sion is (Va—Vi)/V;, and the ratio of the increase of jl:_hre;lure
f.— to the cubical compression is ibly at |s,
= (3 —$1)Vi/(Vs—V1) is constant. This constant is termed the
elasticity of volume. With the notation of the differential calculus,
vman/ (S9) .
Elasticity of Volxme of Liquids.
Canton. Oersted. .?.f,";{’.f,“m Regmault,
'Water 45.990,000 | 45,900,000 | 42,660,000 | 44,090,000
Sea water . | 52,900,000 ..
Mecrcury 705,300,000 vy 626,300,000 | 604,500,000
Oil . . | 44,090,000 .
Alcohol . | 32,060,000 23,100,000
According to the experi) of Grassi, the compressibility of
water diminishes as the temperature increases, while that of ether,

alcohol and chloroform is increased.

§ 7. Change of Yolume and Densily of Waler with Change of Tem-
perature.~Although the change of volume of water with change of
temperature is 50 amall that it may generally be neglected in ordinary
hydraulic calculations, yet it should be noted that ghere is a change

volume which shouki be allowed for in very exact calculations,
‘The values of p in the following short table, which gives data enough
:«;r hydratlic purposcs, are taken from Professor Everett's Syslem

Density of Water at Different Temperatures.

Temperatare. r P G o ‘Temperalare. 'y o | W o
Cotf Fabr. | Weum | @R Pome [ raty, | W | TOER
o 0| -999884 | 62-417] 20| 68-0| -998272 | 62-316
1 3;-8 L I -420f 22| 716 -33:3;2 éa-g&)
2] 3856 | « 2§ G2-423) 24| 732| -997. 62261
3137741 62424 2 ‘-B 79 | 6a-22
4] 3932 | 1-000013 | 62-425] 28 24| -996; 62-1
2 41-0 | 1-000003 | 62:424] 30| 86 995 62-161

428 983 | 62-423| 35| 95 62093
z 6 99946 | 62:421 1 40 | 104 99336 61-947

ﬁu 999809 ( 62-4181 45 {113 | -90038 | 6182
91 482 7 | 62-414] 50|tz 28 61-68
10 [ 500 -999780 62-409 zg 131 98583 61840
1| §1-8 *999668 | 62-403 140 61:387
12 | 536 *999562 a-gg 65 |1 s 61-222
131 554 | 999443 | 6a- 70 :? 97795 | 61-048
4] 5772 -999312 | 62-381 g 'Z ‘97499 | 60-863
1 22:0 999173 | 62-373 1 97198 60-674
1 8 { -999015 | 62- 8s | 18s. 60-477
17 | 626 62:353| 90 | 194 -96% 60-a7%
1 gz-. -993627 62343 f100 [212 | .95 59-844
19 -2 | 998473 | 62329 )

" The weight per cubic foot has been calculated from the values of
on the assamption that 1 cub.{t. of water at 39-2° Fahr. ia62-425 b.
or ordinary calculations in hydraulics, the '!gedmtuwich
willin future be designated by the symbol G) will be takenat 62.4 Ib
per cub. ft., which is its density at 53° Fahr. It may be noted also
that hjlt 32° Fabr. contains 57-3 1b per cub. It. values of p
are

e mn cubic
§ 8. Pressws Columm. Free Surfoce Leul.—Sp a small
yvertical pipe introduced into a hiquld at any point P(fig.3). Then
the liquid will rise in the pipe to a level OO, such that the pressure
due to the column in the pipe exactly balances the pressure on its
mouth. If the fluid is in motion the mouth of the pipe must be
suppaosed accurately parallel to the direction of motion, or the
ampact of the l'ﬁui at the mouth of the pipe will bave an iafluence
on the height of the column. If this condition is complied with,

conveaiently treated
together. It is neces-
sary,
brieﬁy as dpom'blu the
properties compres-
siblzeﬂnid,uohr as know-
them is requisite
in the solution of these
problems.  Air may be
taken as a type of these
fuids, and the numerical
data here given will relate
to air.

, to state as

A Fic. 3.
and Va!-mdu Constant W.—At constant temperature
al

of Pressure

the p p
air is a constant (Boyle's th,: -
l.gt(. be mean nmospbencrpmsu (2116:8 1 per aq. ft.), Vs
the volume of 1 Ib of air at 32* Fahr. tinder the pressure py. Then
PVe=26214. (1)
Uf Go is the weight per cubic foot of air in the same conditions,
Go=1/Vy=2116-8/26214 = -08075. {2)
For any other pressure p, at which the volume of t Ib is V and the
weight per cubie foot is G, the temperature being 32° Fahr,,
PV = p/G w26214; or Gmpl26214. )
Chan Pressure or Volume by Chan, Temperature.~Let
Ve, Gs, 5 gfm be the pressure, 3: wlutlr:ev& a pound in cubic (z:
and the weight of a cubic foot in pouads, at 32° Fahr. Let p, V, ¢
be the same quantities at & ler;\femure ¢ (measured strictly by the
air thermometer, the d which differ a little from those of

V of a given quantity of

a mercurial thermométer). Then, by experiment,

PV = peVo(460:6 +l)/(46°-6+}‘l) = pyVer/rs, @
where v, ry are the temperatures { and 32 reckoned from the absolate
zero, which is ~4606° Fahr.; .

PIG = pwr[Gers; (f)
G= . ’ 3)

If po=2116-8, Go=-08075, o= 460:6+ 32 = 492+6, then
PIG=53-2r. (s0)

Or quite generall =Ry for all gases, if R s & constant varyi
invgmly‘:. the enpn,i?y of the gas a?az’ F. For steam R w85.5.
1L KINEMATICS QF FLUIDS'

§ 10, Moving fluids as commonly observed are conveniently
classified thus: C
» (1) Streams are moving masses of indefinite length, completely
or incompletely bounded laterally by solid boundaries. When
the solid boundaries are complete, the flow is said to take place
in a pipe. When the solid boundary is incomplete and leaves:
the upper surface of the fluid free, it is termed a stream bed or
channel or canal,

(2) A stream bounded laterally by differently moving fluid
of the same kiod is termed a current.

(3) A jet is a stream bounded by fluid of a different kind.

(4) An eddy, vortex ar whirlpool is a mass of fluid the particles
of which are moving circularly or spirally.

(5) In a stream we may often regard the particles as flowing
tlong definite paths in space. A chain of particles following
each other along such a constant path may be termed n fluid
filament or elementary stream.

§ 11. Steady and Unsieady, Uniform end V. 2, Mogion.—~There
are two quite distinct ways of treating hyd o{mmiul westions.
We may cither fix attention on a given mass ol fluid and consider

its changes of position and energy under the action of the stremes
to which it is subjected, or we may have regard to a given fixed
portlon of space, and consider the yolume and emergy of the fluid
entering and leaving that space.




RINEMATIOS OF FLUIDS)

¥, in following a givent path abd'(
constant velocity, the motion is sai inetic

o mase ¢’ remains uncha: . . If the velocity varies
from polat to point of the path, the mation is called vuYing motion.
If. at a givent point g in space, the particles of water always arrive
with the same, velocity and in the same direction, during any given
time, then the motion is ter steady motion. On the contrary,

. 4), @ mass of water g has &
to be uniform. The kineti

]

i at the point & wvelocity o nvaﬂ:frun_mg:mtto
. is d

& unsteady. A river which ex-
cavates its own bed is in

L] unsteady motion sa_long as

FIG. 4. ° :.:u.- slope and form of the bed

h It, 3
tends always towards a condition in which the bed ceases to change,
dnd it is then said to have reached a condition of permanent regli.me.

o probably is in absolutely regime, except perhaps
in rocky channefs. In other cases the bed is sco more or less
during the rise of a flood, and siited again during the dubsidence of
the flood. But while many streams of a torrential character chan,
tl:e condition of their bed often and to a la

extent, in others the
1ges are P ively small and not easily observed.

As @ stream approaches a condition of steady motiom, its regime
becomes nent. Hence steady mwotion and ‘Frmanent regime
are sometimes used as meaning the same thing, The one, however,
is a defigite term applicable to the mation of the water, the other a
less definite term applicable in strictness only to the condition of
the stream bed.

12. Theoretical Notiogs on the Motion of Waier—The actual
motion of the particles of water is in most cases very complex. To
simplify hydrodynamic problems, simpler modes of motion are
assumed, and the results of theory o obtained are compared ex-
perimentally with the actual motions,

Motion sn Plane Layerss—The simplest kind of motion in a stream
is one in which the particles initially situated in any plane crose
a . section of ‘the stream con-
¢ tinue to be found in plane
. cross ' eections during the
. subsequent motion. us,
il the particles ip & thin

lane layer o (fig. 5) are
outldl' i:‘lnsc"nplane'

r ¢’d’ after any 4nterval

. ,F 1G. 5. time, the motion is said
to be motion in plane layers. In such motion the internal work
in deforming the layer may usuaily be disregarded, and the resist.
ance to the 1s confined to the circumferenac
.. Lawminar Motion.—In the case of stresms having sofid boundari
it is observed that the centrai parts move faster than the late
parts. Totake account of these differences of velocity, the stream
may be conceived to be divided Into thir laminae, having cross
sections somewhat similar to the solid boundary of the stream, and
sliding on each other. The different laminae can then be treated
as having differing velocities according to any law either observed
or deduced from their mutual friction. A much closer approxima-
tion to the reai motion of ordinary streams is thus obtained.
. Stream Line Motion.—1n the preceding hypothesis, ail the particles
in each lamina have the same velocity at any given cross section of
the stream. If this ption is doned, the ctoss of
the stream must be sup divided into indefinitely small areas,
each representing the section of a fluid filament. Then these fila.
ments may have any law of variation of velocity assigned to them.
If the motion is steady motion these fluid filaments (or as they are
then termed stream lines) wili have fixed positions in space.

Periodic Unsteady Motion.—In ordinary streams with rough
boundariés, it is observed that at any }iv::‘foint the velocity varies
from m to in magni : direction, but that the
average velocity for a sensible period (say for § or 10 minutes)
varies very little either in magnitude or velocity. It has hence

o

g

. mASmmraem— - -

HYDRAULICS

be the velocity of the fluid. Then the volume flowing through the
surface A in unit time is
Q=uV. (&)
Thus, If the mation Is rectilinear, all the particles at any instant in
the surface A will be found after one second in a similar surface A’,
at & distance V, and as each particle is followed by a mntinuoug
thread of other particles, the volume of flow is the right prism AA
having a base o and length V. : .
h:‘ tir? dimcl:ion ¢l)f mmi;xfll makes an‘-ln(::d Obwith th; normal to
the surface, the volume of flow is represen y an oblique prism
AA’ (fig. 7). and in that case qu
0] =wV cos &
If the velocity varies at different points of the surface, fet the sur-
face be divided into very small portions, for each of ‘which the

e e 3 e e

— T

— v ——— e

. Re. 7.

wveloci hﬁnﬂdumt. If de is the area and
'colltt‘: l::eynor docity fur this ek of the susfa "&
volume of flow is .

as the case-may be. Q=pleafrombde, - '

§ 14. Principle of Comtinwity~If we consider an ly
bounded fixed & ina iquid initi ﬁullzﬁlld
continuously wi(pmquid m must he% -to the outflow.
Expressing the inflow with a positive and the outlow with a negative
sign, and estimating the vo ua)e of flow Q for all_the i

ZQw=o.
In general the space will remain filled with fluid if the pressure
at every point remains positive. There will be a tieak of continnit

if at any point the pressu g , g that the
stress at that point is tensile. In the case of ordinary water thil
statement requires modification. Water contains a variable amoun|

of air in solution, aftcn about one-twentieth of its volume. This air
is disengaged and breaks the continuity of the liquid, if the pressure
falis below a point ponding to its t is for this reasos
that pumps will not draw water to the full height due to atmospheri¢

ressure. .
P A pplication of the Principle of Continuily 1o the case of a Stream.~
1f Ay, Aq are the areas of two normal crbss sections of a stream,
and V), V3 are the velocities of the stream at those sections, then
from the principie of contin{:’n V.

14\ - H
R )} @
that is, the normal velocities are inversely as the areas of the cross
sections. This is true of the mean velocities, if at each section the
velocity of the stream varies. In a river of varying slope the velocity
vaties with the slope. It is easy thercfore to see that in parts of
farge cross section tbe slope is smaller than in parts of small cross
section. .

If we conceive a space in @ fiquid bounded by normal sections at
A,, A and between A, A; by stream lines (fig. 8), then, as there
is no flow across the stream lines,

1o AgfAy,

as in a stream with rigid boundaries. ..

in the case pressibie fuids the of volume due to
the difference of pressure at the two sectioris must be taken into

b e e e e '

4, A

4 i
Py
J.‘ FiG. 8. .

I~ account, If the motion is steady the weight of fluid between two
1G. 6. cross sections of a must i Heace the weight
. . . L. fowing in must be the same as the weight flowing out. Let p1, &
been conceived that the of d n and magnitude of the ) 91, oy the velocities, G, ight per cubic foot
the velocity are periodic, and that, if for each point of the stream the | of ﬂmd: at cross sections of a stream of areas A;, The volumes

mean veiocity and direction of motion were substituted for the | of inflow and outflow are :

actual more or less varying motions, the motion of the stream A and A,

might be treated as eteady stream line or steady
motion. -

§ 13. Volume of Flow.—Let A (fig. 6) be any ideal plane surface,
of area « in & stream, sormal to the dn)ru:u‘on o mo:%';, and let V

taminar

and, if the weights of these are the same,

o = GrAsw ;
and hence, from (sa) § 9, il the tem rature is constant, ,
A= @
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§ 18. Sircam Lines.~—The charactefistic of a perfect fluid, that is,
a fluid {ree from viscosity, is that the p any two parts
into which it is dividq{ by a plane must be normal to the plane.
One consequence of this is that the particles can have no rotation
impressed upon them, and the motion of such a Auid is ircotational.
A stream line is thé line, straight or curved, traced by a particle in
s current of Buid in irrotational movement. In a steady current

i

e —

Fic. 9.

each stream line preserves its figure and gdtim unchariged, and
marks the track of a stream of particles forming a fluid Elament
or elementary stream. A current in steady irrotational movement
may be conceived to be'divided by insensibly thin partitions follow-
ing the course of the stream lines into a number of eclementary
streams. 1f the positions of these partitions are so adjusted that
the volumes of Bow in afl the clementary streams are equal, they
represent to the mind the velocity as well as the direction of motion
of the particles in different parts of the current, for the velocities

FiG. 10

are inversely proportional to the cross i

streams. No actual fluid is devoid of viscosity, and the effect of
viscosity is to render the motion of a fluid sinuous, or rotational or
cddy{n&under most ordinary conditions. At very low velocities
in a tube of moderate size the motion of water may be nearly pure
strcam line motion.

Fio. 12,
of the el y

F16. 11,

But at some velocity, smailer as the diameter
of the tube is g . the ddenly b tumultuous.
The laws of simple stream line motion have hitherto been investi-
ted theoretically, and from mathematical difficulties .have onl

n determined for certain slmple cases. Professor H. S. Hele

w has found means of exhibiting stream

line motion in a aumber of very interesting

. cases experimentally. Generally in these ex-

! timents a thin sheet of fluid is caused to flow

ween two parallel plates of glass. In the
carlier experiments streams of very small air
buhhles introduced into the water current
rendered visihle the motions of the water, By
the use of a lantern the image of a portion of
the current cas be shown on a screen or photo-
graphed. In later experiments streams of
coloured liquid at regular distances were intro-
duced intn the sheet and these much more
cleacly marked out the forms of the stream
lines.” With a fluid sheet 0-02 in. thick, the
stream lines were found to be stable at aimost
any required welocity: For certain simple

Frec. 13. cases Professor Hele Shaw has shown that the
: experimental stream lines of a viscous fluld are
o far a8 can be identicai with the d stream lines of

a perfect fuid. Sir G. G. Stokes pointed out that In this case, either
from the thinness of the stream between its gliss walls, or the
slowness of the motion, or the hixh viscosity of the liquid, or from
a combination of all these, the flow is regular, and the effects of
inertia disappear, the viscosity d ing everything. Glycerine
gives the stream lines very satisfactorily.

FiG. 9 shows the stream lines of &

of Auid passing a fairly
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shipshape body such as a screwshaft strut. The srrow shows the
direccio?o! mgl.ion of the fluid. Fig. 10 shows the stream lines {or
a very thin glycerine sheet passing a non-shipshape body, the
stream lines being practically perfect. Fig. 11 shows one of the
earlier air-bubble experiments with 8 thicker sheet of water. In
this case the stream lines break up behind the obstruction, forming
an eddying wake. Fig. 12 shows the stream lines of a uid mc
a sudden contraction or sudden enlargement of a pipe. Y»
fig. .13 shows the stream lines of a current ing an oblique plane,
I-E S. Hele Shaw, ** Experiments on the Nature of the Surface Re-
sistance._in Pipes and on Ships,” Trans. Inst. Naval Arch. (1897).
“ Investigation of Stream Line Motion certain Experimental

under
| Conditions,"” Trans. Inst. Noval Arch. (1898); * Stream Line Motion
 of a Viscous Fluid,” Repart of British Association (1898).

111. PHENOMENA OF THE DISCHARGE OF LIQUIDS FROM
“ORIFICES AS ASCERTAINABLE BY EXPERIMENTS

§ 16. When a liquid issues verticaily from a small orifice, it forms
a jet which rises nearly to the level of the free surface of the liquid
in the vessel from which
it lows., The difference
of level b (fig. 14) is
s0 small that it may be
at once  suspected to be
due either to air resistance
on the surface of the jet
or tn the viscosity of the
liquid or to friction against
the sides of the orifice
Neglectinﬁ forthen
this small quantity, we
may infer, from the eleva-
tion of the jet, that each
molecule on leaving the
orifice possessed the velo-
city required to lift it
sgainst gravity to the
height b.” From ordinary
dynamics, the relation
between the velocity and
height of projection s
given by the equation

ve=y2gh, (1

As this velocity is nearly
reached in the flow {rom
well-formed orifices, it is

LA

FIG. 14.

ical velocity of discharge. This relation
was first obtained by Torricelli. - | . .

If the orifice is of a suitable conoidal form, the water issues in
Glaments normal to the plane of the orifice. Let w be the area of
the orifice, then the discharge per second must he, from eq. (1),

. Qmuvmw2gh nearly. )

This is sometimes ?uite improperly called the theoretical dis-
charge for any kind of orifice.  Except for a weli-formed conoidal
orifice the result is not aﬁproaummg even, so that if it is supposed
to be based on a theory the theory is a false one. .

Use of the.term Head in Hydrawics.—The term kead is an old
millwright's term, and meant primarily the height through which a
mass of water descended in actuating a hydraulic machine. Since
the water in fig. 14 descends through a height & to the orifice, we
may say there are k ft. of head above the orifice, Still more Senually
any mass of liquid k [t. above a horizontal plane may be said to have
h ﬁ of elevation head relatively to that datum plane. Further,
since the pressure p at the orificc which produces outflow is connected
with k by the refation p/G =k, the quantity p/G may be termed
the presstre head at the orifice. Lastly, the velocity v is connected
with A by the relation 1*/2g=h, so that v*/2¢g may be termed the
head due to the velocity v.

§17. Coeffictents of and’ Resistance.—As the actual velocity
t‘w'i’ discharge differs from v2gh by a small quaatity, let the actual

ocity

. wggme,y 2gh, <))
where ¢, is a coefficient to be determined by experiment, called the
coefficient of wlomlg This coefficient is found to be tolerably con-
stant for different with well-formed simpie orifices, and it very
often has the value 0-97.

The difference between the velocity of discharge and the velocity
due to the head may be reckoned in another way. The total height
h_causing outflow consists of two parts—one part A, expended
effectively in producing the velocity of outflow, another &, in over-
coming the resistances due to viscosity and friction. L

ho=ceh,,

d

where ¢, is a coefficient determined by experi and called the
coefcmu of resistance of the orifice. it is tolerably constant for
different heads with weli-formed orifices. Thea

- 9amV 2ghy = ¢ {268/ (1462 @
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The relation between ¢, and . for any orifice is easily fouad :—

vemeV 2ghmy 2fhl(l+:.)l
comv 1K1 4e)t,, - (8)
Gwijet—1. (sa)

Thus if ¢, =0-97, then ¢, =0-0628. That is, for such an orifice about
6};{, of the head is expended id overcoming frictional resistances
to flow.

Cocfficient of Coniraclion—Sharp-edged Orifices in Plane Surfaces.—
When a jet issues from an aperture in a vessel, it may either spripg

b

Fic. 18,

clear fgom the inser edge of the orifice as’'at g or b (fig. 15), or it
may adhere to the sides of the orifice as at ¢. The former condition

will be found if the orifice is bevelléd outwards as at 6, 30 as to be
sharp adged, and it will also occur generally for a prismatic aperture
like 3, provided the thickness of tge plate in which the aperture is
formed is less than the diameter
of the jet. But if the thickness
is greater the condition shown
at ¢ will occur,

When the discharge occurs

-HYDRAULICS
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xoriﬁce.nd ¢ the time in which a particle moves from O to A,
n

T gyt ymigh,

Eliminati;lg [ )
s sttt
- , - Crmvg/d{2, .
In the case of large orifices such'as v:em the velocity can be

directly determined by usii Pitot tube (§ 144).
:l‘helyeodicie o(by' Parge, ‘lvhu:huf 41s)

at or ! purposes s the
most important of the three coefficients, is best dcte?mined by tank
measurement  of - )
the. flow from the [

given orifice in a ==
suitable time. If =
Q is the discha
measured  in
t;:k per second,

then

cmQav (2gh). -
Measure ments
this kind though
simple in_princip!
are not {ree from -
some rraetlcal
dificulties, and

uire much care.

In fig. 18 is shown

an arrangement of L
easuring = tank. Fi16. 17.
he orifice is fixed ) o L, ‘
in the wall of the cistern A and discharges either into the waste.
B, or into the measuring tank. There is a short treugh
on rollers C which when run wL‘xhe jet di the dischasge’
into the tank, and whes run back again alfows the discharge to drop,

as at a or b, the filaments con-

verging towards the orifice
continue to converge beyond
it, so that the scction of the
jet where the fillaments have

me parallel is smaller than

the section of the orifice. The
jnertia of the filaments opposes
sudden’ change of direction
of motion at the edge of the
orifice, and the convergence
continues for a distance of ;
about half the diameter of the i .
orifice beyond it. Let w be the .
area of the orifice, and c«w the area of the jet,at the goint where
convmﬁemt ceases; then ¢, is a coefficient to be determinad experi-
mentally for each kind of orifice, called the coeficient of comtraction.
Wherl the orifice is a sharp-edged -orifice in a plane surface, the
value of ¢, is on the average ov&h« the section of the jet is very
nearly five-eighths of the area of the orifice. . .

Coefficient of Discharge.—In applr;ng the general formula Qeuwr
to a stréam, it is assumed that the filaments have a coromod velocity
v.normal to the section w. But if
the jet contracts, it is at the con-
tracted section of the 'jet that
the direction of motion {s normal
to a_transverse section of the
jet. Hence the actual discharge
when coptraction accury is

Qe =09 XKoo= Gecrpa ¥ (2¢h),
or simply, if c=c,

o = cary ﬁh).

where ¢ 1s called the coefficient
of discharge. Thus for a sha
dged“ p}‘;m orifice ¢=o0'97
0" -o- . "
. § 18, Experimental Determina.
tion of ¢,, ¢y and ¢.—The co-
efficient of contraction ¢, is
diréctly determined by measur-
ing the dimensions of the jet.

2/ RN

..

F16. 16.
For this purpose fixed acrews of fine pitch (fg. 16) are convenient.

These are set to touch the jet, and then the distance between th
can be measured at leisure,

The coefficient of velocity is determined directly by measuring
the parabolic aath of a horizontal jet.

Let OX. OY .(fig. 17) be horizontal and vertical axes, the origin

em

being ot the orifice. Let & be the head, and x, ¥ the coordinates of
& point ‘A on the parabolic path of the jet. 1f v, is the, velgcity at

F16. 18,

into the waste channel. D is a stilling screen to prevent agitation'
of the Bprface at the measuring point. E, and F is a dischayge valve
for emn{“nﬁ the measuring tank. The rise of level in the tank, the
time of the flow and the head over the orifice at twuqmube
exactly observed. o i !
For well made sharp-edged oriﬁ:?h. small relatively to the vn.ter‘
surface ia the supply reservoir, the coeflicieaty underidifferent
conditiohs of head are pretty exactly known. Suppose the same
quantity of water is made tp flow in succession through such an,
arifice and through another orifice of which the coefficient is re-,

quired, and when the rate of flow is constant the heads over each

arifice are noted. Let /, b be the heads, w, wy the areas of the,
orifices, ¢i, ¢x the coefficients. Then since the flow thropgh kach,
arifice is the same . ' . .
Q =iy (2gh) =cxn (3ghs).
‘ = alo v (hilha). H
§ 19. 'Coefficients for Bellmouths and Bellmosithed Orifices.—If an,
qgrifice i4 furnished with a mouthpiece exattly of the form of the

contracted vein, then the whole of the contraction occurs within
the mouthpiece, and if the area of the orifice is measured at the
smailer end. ¢, must .be put=1. [t is often desirable to bellmouth
the ends of pipes, to avoid the loss of bead which ocours 4 this &
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‘not done; and such a belimouth may also have the form of the con-
tracted jet. Fig. 19 shows the proportions of such a bellmouth
or bellmouthed orifice, which approximates to the form of the con-
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Cosflicients of Discharge from Circnlar Orifices.
Tonperature 51° lo 55°.

tracted jet sufficiently for any practical pu 3 Head in Diameters of Orifices in Inches (d).

For such an orifice L. J. \X’eubadx found the following values of feet ; - -
the coeficients with diffefent heads. w [ f]uln]a]alalals
Head over orifice, inft. =4 66 | 1-64 {33-48] 5577} 337-93 Coefficients (c).
Goefficient of velocity =¢, . { 959 | -967 | 975 | 994 | 994 75 |-616|-614]-616} -610] -616 | -612] -607 m -60g9

i i - . o 1-0 613 | -612 -612 | -611 | -612] -611 | - . E

Coefficient of resistance =¢, -087 | «©069 { 052 | -012 | 012 1-25 .g,g .2,4 :2,0 % 23, gg; EE; 605 .g.:&
. i B the et i 1-50 {-610]-612) 611 | 10} 3 | -607 | -605
"f:.themc-“;u‘:g :::é{lzcr:wn after the jet issues from the orifice, ,gg 612 g:, 611 ggz S11 232 -604 | -607 | -605

Q=cuoy (2gh) =i 2eh/(1-+5,)). 200|509 613] Go9| 600} 609 |~6o6 | 6o4 | 604 | 603

§ 20. Coeficients for Sharp-cdgeg or virtually Sharp-edged Orifices.—
ere are a v:? large number of measurements of éhscharge from
orifices under different conditions of head. An account

of these and a very careful tabulation of the average values of the
coefficients will be found in the ? the late Hamilton
Smith (Wiley & Sons, New York, 1 . ollowin&uhort table
absracted from @ larger one will give a fair notion of how the co-
effitient varies according to the most trustworthy of the experiments,

Coeficient of Discha Vertical Ciseular Orifices, Shar ,
M:s!lh f:?c Drl‘:t or'geiulolhcAir. Q-c:oﬁf(zgk). Peiged,

‘Head Diameters of Orifice. ]
measured to 03- . . . . .
Centre of oz|-oq| xol zol 4o| 6o| 1-0
Orifice. Valuesof C.
03 . .| 62 . .. .
o- .o | 6372|618} .. .. . ..
(3 655 [ ‘630 | 613 | <60t | -596 | -588 .
o8 643 -626 | -610 | -6ot | -59 *594 | *583
1-0 644 | 623 | 608 § 600 | - <595 | <591
20 6321 614 | -6oa | -599 | -599 | 597 | 598
-0 *623 | -609 | -602 gg -598 | -597 | -596
-0 614 | -Go5 | 600 | - *597 | 596 | -596
20-0 “6ot | ‘599 | ‘596 | -596 | -596 | 596 | 504

At the same time it must be observed that differences of sharpness’

in the edge of the orifice 2nd some other circumstances affect the
results, so that the values found by different careful experimenters
are not a little discrepant. When exact measurement of flow has
to be made by a sha orifice it is desirable that the cocfficient
for the particular orifice should be directly determined.

The ollowiﬁ results were obtained by Dr H. T. Bovey in the
lat y of McGill Ui y.

Coefficient of Discharge for Skarp-edged Ovifices.’
Poem of Orifice. '
Square. m‘&'ﬂ‘: 3. dj 161,
B‘I':“ Cir. Long .
T | o | sam | D f Lome | oS | fopr | BN fenslr
"[rectial.| verical.} Bork- [vertical. | Bochy
3 620 |-627 |-628 |-642 |- 663 |-664 | ‘636
2 gl)g ‘620 {-628 633 g‘}% 650 |(-651 | ‘628
g - 616 [-618 |-62 629 |-64t |-642 | -623
-607 |-614 |-616 |-626 |-627 |-637 |-637 | -6a0
8 606 1-613 |-614 |-623 {-625 |-634 |-635 | -61
10 ‘605 |61z |-613 |-622 |-624 |-632 |-633 | ‘61
12 604 |-611 |-612 |-622 }-623 {-631 |-631 | -618
1 1604 |-610 {-612 |-621 }-622 |-630 |-630 | -618
B 603 |+6t0 }-611 |-620 }-622 |-630 |-630 | 617
18 *603 |[-610 |-611 ]-620 {-621 |-630 vbzg 616
20 603 |-609 |-611 |-620 [-621 |-629 |[-62 616

The orifice was 0;36 8q. in, area and the reductions were made
with g-i:-rls the value for Montreal. The value of the coefficient
appears to increase as (perimeter) / (area) increases. [t decreases
as the head increases. It decreases a little as the size of the orifice
18 ter,, .

ery careful experiments by J. G. Mair (Proc. Inst. Civ. Eng.
|xxxn';¥’ on the from circular oxif gave the results
shown on top of next column.

The edges of the orifices were got up with scrapers to a sharp
square edge. coefficients generally fall as the head increases
and as the diameter increases. Professor
the results agree with the formula

¢ =0-675+0-0098/V k~0-0037d,
whege A is in feet and d in inches.

W. C. Uawin found that.

The following table, compiled by J. T. Fanning (Trealise on Water
Supply Enginecring), gives values for rectangular orifices in ver-
tical plane svrfaces, the head being measured, not immediatel
over the orifice, where the surface is depressed, but to the snl(!
water surface at some distance from the arifice. The vilues were
obtained by graphic interpolation, all the most reliable ex-

periments being plotted and curves drawn s0 as to average the
discrepancies. . .
Cocfficients of Discharge for Reclangular Orifices, Sharp-edged,
sn Verlical Plane Swrfaces.
Head 1o Ratlo of Height to Width.
Centre of
Orifice. 4 E] i T 1 [ t
L] Ty g,
SE N IEIEIE IR
g lgg | S| s o2 | B | 82| 8
.. ~ o CE - dm & - ) Q.
02 .. .. . . . - |-6333
-3 .. .. . .. .. |6293 | -6334
4 .. . . .. |*6140]-6306 | -6334
g “e . .. |-6oso]-6150} 6313 | -6333
R . «. {°5984{-6063 | -61 6317 | -6332
; e .. 1-5994]-6074]-6162] -6319 | -6328
. . 6130 | -600q.| -6082 | -6165 | -6322 2}:6
9 «v {6134 -6006 | -6086 | -61 6323 | -6324
1-0 .. |6335|-6010]| -60901 6172 -6320 | -6320
1-28 B 6188 -6140 | -6018 | -6095 | -6173 | -6317 | 6312
1-50 6187 | -6144 | -6026 | -6100] -6172 } -6313 | -630,
1478 186 | -6145 | -6033 | -6103 | -6168 | -6307 629%
2 . 6183 | -6144 | 16036 | ‘6104 | 6166 | -6302 623;
2-28 .« | -6180] -6143 | -6029 | -6103 | -6163 | -6293 | -
2:50 | +6290 | -6176 | 6139 | ‘6043 | -6102 | 6157 | -6282 | 6278
275 | 62 6173|6136 | -6046 | -6101 | -6185 | -6274 | -6273
3 6273 | ‘6170 | 16132 | -6048 | -6100 -6|5é 6267 | -6267
38 46250 | -6160] -6323 | -6050 % 6146 | 62 -6:58
4 -6242 6150 | 6110 | -6047 | -6085 | -6136 -62& 623
48 +6226 | 6138 -6100 6043 <6074 | -6125 1 -6222 | -6222
2 6208 | -6124 | -6088 | “6038 | -6063 | ‘6114 | -6202 { -6202
6158 | 16004 606g +6020 | -6044 6083 6154 | 6154
; 6124 6062 6038 [ <6011 | -6032 [ -6058 } 6110 | 6114
6090 | 6036 | <6022 | -6010 | -6022 [ -6033 | -6073 | -6087
9 6060 | 6020 | -6014 } -6ot0 | 6015 - 6045 | -6070
10 6035 | 6015 | -6010 | -6010 | -6010 | -6010 | -6030 | -6060
113 6040 | ‘6018 | 6010 | -6011 | -6012 | -6013 | -6033 | -6066
20 6043 16024 | -6012 | 6012 | ‘6o14 | -6018 | 6036 | -6074
25 6048 | -6028 | -6014 | -6012 | 16016 | -6022 | -6040 | -6083
30 ~6ogg 6034 | -6017 | 6033 | <6018 | -6027 | -6044 | -6092
35 - 6039 | -6021 | -6014 | -6022 | +6032 | -6049 | -6103
40 +6066 | -6045 | -Goz25 | ‘6015 | -6026 | -6037 | 608§ | ‘6114
45 -eoga -6022 6029 | -6016 | -6030 | -6043 | <6062 | 6125
50 L o 6034 | -6018 | -6035 | “6030 | -6070 | 6140
§ 21. Orifices with s of Sensible Thickness—When the edges of

the orifice are evelled outwards, but have a sensihle thickness,
the coefficient of discharge is somewhat altered. The following
table gives values of the coeflicient of discharge for the arrangements
of the orifice shown in vertical section at ?.e R (fig. 20). The
plan of all the orifices is shown at S. The planks forming the orifice
and sluice were each 2 In. thick, and the orifices were all 24 in, wide.
The heads were measured immediately over the orifice. in this case,
Q=cb(H-5)¥ {20 (H+R)f2). ’

§ 22. Partinlly Suppressed Coniraction.—Since the contraction of
the jer is due to the convergence towards the orifice of the issuing
streams, it will be diminished # for any portion of the of -the
orifice the convergence is fprcventcd. us, if an internal rim or
border is applied to part of the edge of the orifice (fig. 21), the con-
vergence for so much of the edge is suppressed. i‘br such casen
G. Bidone found the following empirical formulae applicable :—
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. Tabls of Coeficients of Discharge for Roctangulor Vertical Orifices in Fig. 20.
Head & . . —p -
e Hgight of Orifice, H-#, in feet.
upper . . " . .
J;e o 1-31 066 016 019
Orifice "
, in feet. P Q R P Q R P Q R . P Q R
0-328 0508 | 0644 | 0648 | 0634 | 0665 | 0:668 | 06g1 | 0664 | 0666 | 0710 | 0694 | 0696
gzgs o-gog 0-653 0657 0640 | 0672 0:675 | 0685 | 0687 | 0688 § 0696 | o o706
78y 0612 0653 o~gzg 0-641 | 0674 o-67g 0684 | 0690 { 0692 | 0604 | 07 0708
- 0616 | 0-65 o 0641 | 0-67% | 067 0-683 0693 | 0695 { o- 0709 | o-71t
H .0618 | 0649 | 0653 | 0640 | 0-676 | 0679 | 067 0698 | 0697 | o 0710 | 0732
328 0608 | 0632 | 06 0638 | 0674 | 0676 | 0673 | 0694 | 0695 | 0680 { o704 | 070§
477 0602 | 0624 | o 0637 { 0673 | 0678 | 0672 | 0693 | 0694 | 0678 | o-701 o702
492 o 0620 | 0622 { 0637 } 0673 | 0674 | 0672 { 0692 | 0693 | 0676 | 0699 | o
2»58 Q- 0618 | o-6e0 o~65g 0673 } 0673 | 0672 | 0692 | 0693 | 0676 | 0098 | ©
-56 0598 | 0618 | 0617 | 063 o671 | 0672 | 0671 | 0691 | 0692 | 0675 | 0696 | 0696
9-84 0592 { 0611 | 0612 | 0634 | 06690 | 0670 | 0668 | 0-689 o672 | 0693 | 0693
b}
For rectangular orifices, § Y Furnished with Chaxxels of Discharge.—These ex-
N .. Gem0-62(14-0-152n/p); “.bm‘w an orifice also modify the ion.
aad for circular orifices, The following coefficients of discharge were obtained with open-
. c.-,-o~6z(x+o-l38u/£); ings 8 in. wide, and small in proportion to-
when # is the length of the edge of the orifice over which the border | (fig. 22, A, B, C
aunﬁ.andpiaﬂuwlwlelenaho(dxeorpeﬁme, of the orifice.
The f lowi:ggm the values of ce, whea the extends over }| 4 s by o foct. .
. § or § of the whole perimeter:— r "ot
P 0656] 364 § "338 | “6356 | 3°640) 528 4792 . 656 ¢ By
Ce . .
nlp Rectangular Orifices. | Circular Ofifices. A 480|511 }- 574 | +599 | -601 | -601 | 601 | -604
Ll B o656 :80 g:o $ "5’03 +592 | <600 | 602 | -602 | -601
o285 o:z; -gzg [|C 527 | °553 | -574 | -592 } -607 | 610 {~610] 609 | €608
050 0667 S A . 577 g:g 6315.| 625 | -624 | -619 | -613 | :606
07§ o691 680 | B } o164 487 | -571 ) - g:; 626 | 628 | -627 | 623 | -618
C 585 | -614]-633 | - 652 | 651 | -650] -650 | -649

For larger Values of #/p the formulac are not applicable: C. R. o
Bornemann has shown, 335. Imversion of the Jet.—When a jet issues fram a horizontal
oril or is of small size compared with the head, it presents no

Fi16. 20.

are imperfectly known.

however, that these for-
mulae for suppressed con-
traction are not reliable, a

they interfere with the
) convergenceof the streams
®’ to which the contraction

F1c. 21,

face, an

23. Imperfect Con- '
k;ga}-'.—llfu:ﬁ sides of | . ’
the vessel s fnear
to the edge o!p the orifice,

Ft. 23.

.
Y

o
TN

width of the arifice. The coeficicats of contraction for this case | marked gecuhrity of fortm. But i the orifice is in a vestica] swr-

i(iudlmnimmmllmpmdwhhthcu."
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't-hﬁ series of siaguiar of form sfter the
o dy:lGM:'&!;-l )b,uﬂnd ('”‘I‘GRI)'
saiseques: .G. 1 1
-ﬁp;mhmwwg xxix. 71) in-
wvestigated
the shape of
i ﬁrﬁmﬂ:ﬂtl
m.alan-'n:hrmtht
iato sheets in planes per-
C Thus the jet from & triangular
(—Itunly"jet ,fmnual:‘h'“‘?:
sdes, forms u sheets in pl nes

o
k-

thl they
L] It ls thu mutus
preuure whichcauses
. the ex.‘:nnon of the jet

Lord Rayleigh poiated out that, when the orifices are small and
the head is no:hgmt, the ex&lnmn of the lhun in directions
to

Fie. 24,

uml a compact form is reachied similar to that at the first contrac-
Beyond this pomt, if the jet retains its coherence, sheets are
u:rmwuph hut in dircctions bisecting the angles between the

previous sheets. Lord Rayleigh lanation of this con-
duuﬂou first -uuemdl byyl{.' ixsos-xgs . umcly. that ‘.’{":.
to ace tension.
“i 26, Inﬂuawc of Tem, m Dischorge —Professor
.\bV. C. U.::inﬁlgcund te(m h {u(.)cwber 1 sl gn zal) that lger
ure [ small uema on t!
disc For l;. onﬁg:: cm. in dumvee%r with heads of :bout
1tol} t. the coefficients were:—
Tempuﬂun P. A C.
2080 e e e e
For a conoldai or bell-mouthed orifice 1 em. diameter the ‘effect of
temperature was greater=—
TemperawwreF. . . . . C.
190. « & e @ L ' . 0987
1 « o o o ! “ . 0974
* e e 0-942

1
GMi?rm

ted these experiments on a much larger scale
8 Inst. Civo. Bn[ gni For a ged onﬁce 2% in,
hmeter, with a head 1-78 Tt., the coeﬁcxcnt was 0-604 at § d7
and o-607 at 179° F., a very smail dnﬂemnu With & conoidal
orifice the coefficient was 0-961 at 55° and 0-g81 at 170° F. The
nts of resistance are 0-0828 and 0-0391
showing that the to about half at the higl
tem t

ments have been made by J.R.
ischarge from smooth cone nozzles
uled for ﬁre purposes. The coeﬂicient was found to be 0-983 for }-in.

982 for § In.; o972 for 1 in.; 6-976 for 11 in.; and
mgegcfor 1' in. The nmﬂnwen caata phy pe. and the
|uden the resistance of pipa Civ. Eng.
fom-ofnwlemtmdwchunngnwh-
(or which the coefficient was smaller,

IV. THEORY OF THE STEADY MOTION OF FLUIDS.

§28. The mﬁenenl equation of the steady monon of a fluid given
under Hyd yumln furnishes immediately three results as to the
distrihution of pressure in a stream which may be assum

i (a) If the wotion is rectilinear and uniform, the variation of
pressure ls the same as in & fluid at rest. la a sgream fowing in an

HYDRAULICS

"AA’, BB’ are the equal inflow nnd ou

'pressures on the e dl. reckoning that at B nepnve.

(STEADY MOTION OF FLUIDS

open dunnel. for instance, when the effect dedd-u pmdueed by the
mghne- the sides is t ench point is
the hydrostatic pressure due to thn depth belcw the free

{6) I the velocity of the fluid is very small, the distribution d
re is apd)roxlmtely the ume asina ﬂund at rest.
u‘l molecu lncll

(c) 1f the
would an to the external
forcu, the ptawre is umlom\. Thus In ) )et ln ? frecly in the
aic the pfesure throughout any cross section is uniform aund equal
to the atmospheric J:reuu
(d) In any boun lane sectfon traversed normally by streams
\vluc are rectilinear for a certain distance on either side of the
section, the distribution of pressure is the same as in a floid st rese.

DisTriBuTiON OF ENERGY IN INCOMPRRSSIBLE FLUIDS.

ication of the Principle of the Conservation of Energy to
Ca!a of gm Line Motion.—The external and internal work
done on a mase is equal to the change of kinetic energy produ ced
In many hydraulic questions this principle is difficult to apply,
cause from the complicated nature of the motion grodu

difficult to estimate total kinetic energy g
in some cases internal work done in ovcmommg lncnonal or
viscous resistances cannot be ascertained; b case of stream
line moﬁ‘lon ﬂ:t furnishes a ﬁmplo and imponant result known as

Let AB (fi s)be_.. , in a steadily
fluid mass. 'l‘hen. from the ltudlnm of the motion, AB isa ﬁx‘;ﬁ
th in space through which a stream of fluid is constantly flowing,
[:( 00 be the free surface and XX any horizontil datum line, Let

llll
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e be the area of a normal cross section, v the velocity, p the intensity
of and s the elevation above XX, of the elemencary stream
AH at A, and - » %, % the same quantities at B, S po-e that
in a short time # the mase of fluid initially occu
A’B'. Therr AA', BB’ are equai to of, at and t volume- o( Auj
ow = Of wod menmit, in the
EIVHI time. If we suppose the filament AB surrounded by other
hment.. mvm; with not very different velocities, the frictional
stance on lu surface will | enough to
lncted and if the fluid work is
done n dnnxe volume. Then the vlork dou by external forces
will be aquai to the kinetic energy p e time d
he ngrmal pressures on the surface of the mass (excluding the
ends A, B) are at each point normal to the direction 6( motian, and
do no work: Hence t ‘-extemal forces to be reckoned
gravity and the pressures on the ends of the stream.
Theworkofg'nvit when AB fails to A’B’ is the same as that of
transferring AA B’; that is, GOt (s—m). The work of the
!mue it is
irection of motion, 4s Xut)—($r J
. the difter-
that

ite to the
ng‘ ). The change of kinetic energy in the time ¢
ence of the kinetic enﬂﬁy originally possessed by AA’ and
finally aequired by BB', for in the mtermedute put A’B there i¢
na change of kipetic ene: N m the
motion. But the mass ad BB’ is
kinetic energy is tllerdom GQl/l) (at/2~—9%/2).
work done on the m:

of
and the change of
%quaungthnmlhe

3—-:) +Ql(9 ~p) -(GQtlt) (w/2~—w[2).
Dmdlng by and rearran
W2 +p(G --u’lzmﬂ. w
or.uAudemln two poin

ts,
v*/2g+p/G+sw=constant = H.
Now v'{zg isthe head due to the velacity s, /G isthe he-d eqmnl:(nz
e pressure, s is the elevation above the datum (see § 16).
Hence the terms on the left are the totai head due to vel
presaure, and elevation at a given cross section of the ﬁlament. 2 n
uslly seen to be the work in foot-pounds which would be
,’ 1 1 of fluid (alling to the datum line, and similarly ‘{
{ag are the quantities of work which would be done hy 1 I of ﬂuld
due to the pressure p and velocity 0. The expression on the lef
the equation is, therefore, the tatal encrgy of the stream at the
section , per Ib of fluid, estimated with reference to the
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datum line XX. Hence we see that in strohm line motion,
the restrictions named above, the total
uniformly distributed along the stream
the fluid OO is taken as the datum, and —k, —h are the depthsof A

and B measured dovln from the free surface, the equation takes the

20+ /G ~hmw'2g+21/G—h; G)

- ity o*/2¢g+p/G —k =constant. (3a)

§ 30. Second Form of the Theorem of Bernoulli—Suppose at the
two sections A, B (fig. 26) of an elementary stream small vertical
p:pn are uced, whu:h may be termed pressure columns

4 IB
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mﬂwequ.mdthepwmmﬂdtothadod

h other.

Smqu theprelsumonﬁc CDhnknne(ho.eonGH EG. In
themway.mnyeomh

balance of pressures, due to

n oi ments contrace

tions, a liquid paralje! to the

axis of the pipe, will be found, provided: the sectional
directi oh‘hepeendsarethenme area and

| P ——

§ 8), having their lower ends accurately parallel to the dxrectlon of

ow. In such tubes the water will rise to heights corres;
the pressures at A and B. Hence. l-p/G and b’-g/ Colue-
quently the tops of the pressure columns will be at

total helghts b4c=p/G4x and d'+4¢’ -p;IG+t. above the datum
line XX. The diffcrence of level of the ure column tops, or
thelnllo”reelurfa:elenlbetwun.\ uthetdvm
?—p. /G+(z—2)
and this by equalion (x) 29 is (9! -v'){zg That is,.the fall of
free surface leve!l between two sections 1s equal to the difference
of the heights due to the wvelocitfes at the sectfons. The line A’B’
is sometimes called the line of hydraulic gradient, though this
term is also used in cases where friction needs to be taken into
mo?thch is the line the henghthgd which h;bove datum is \‘.he
sum elevation re att
below a horizontal line Am drawn at H ft. :n‘u )& Ey the
quantities ¢ =v*/2¢ and a -vﬂ:g. when fncuon is absent.
§ 31, Jlusirations of the 5. In a lecture to
the mechanical section of the British Assocmnon in 1875. W. Froude
ve some experimental illustrations of the principle of Bernoulli.
E‘ remarked that it was a that
fluid exercises in a contracting pipe A (ﬁg 27) an excess of pressnre
iaimt the entire eonv:rgxng mrface
1

ich it meets, and that, c ly A
:? it enters an enlargemem B,a tehef
entire diverging aurfacc of the mpe- ’ d
Further it is d that
when passing through a contraction A

C, there is In the narrow neck an

m mureduem\beaqwztogcth«o(ml uid at that
ressions are in no respect cofrect; the presgure

is smaller and conversely.

that a contraction is followed by

enlargement is [ollo'?hed;

im
1) lmallcr as the section of the pi
Fig. 28 shows a pipe so form

an enhmemem‘.. and fig. 29 one in which “t;y largement is !

wvertical ure columns

—\ /_— chow t decrease of
pressure at the comtracy
TS tion and increaese of
B . pressure at the enlarge-

ment.
both. figures shows the
variation of free eurface

—_\_/——. kvnl su ng the
pposi f FP‘:
_/\—— . however, work is
FiG. 27. elp_ended ia fr:chon
total head diminishes in proceeding alon the mr:he Im
surface level is a line such as ab¢;, fglhng gd plpe,

Froude further pointed out that, if a pipe comractl and eniarges
ag:an to the same size, the mulnm pmuure on the converging part

g part 0
that there is no tendency t6 move the Ei bod'ly when water flows
through it. Thus the conical part A r

30) presents the same.

The following experiment is interesting. Two cisterns provided
with converging pipes were placed so that the j jet from onc was ex-
actly opposite the entrance to the other. The cisterns being ﬁlhd

FIG. 29.

very nearly to the same level,

entmﬂumnd gmm

ce t| vn ut mce except that
% of aim and want of lﬂY ﬁoad

the ger from the left-hand cistern A

B (6g. 31), ohootmz across the free
due to Indirects

in the form of the

orifices. In the actual :‘renmnt there was 18 in. of head in the
right and 204 in. of h in

the left-hand cistern, sa thn about

F16. 30. )

24 in. were wasted in friction. it will be seen that ia the open space

between the orifices there was no pressure, except the stmospheric
pressure acting uniformly throughout the :{stem

Al ication of the variation

§ 32. Venturl Meter—An ingenious app!
of pressare and velocity ma  converging and divergiag pipe has been

Fic. 31,

made by Clemens Herschel in the construction of what he terms &
Venturi Meter for measuring the flow in water mains. Suppose tha

contraction is nudema“mmam, the change
gradual to avoid the production of eddies. _The ratiop

32,8
section being



and let H;, H, H, be the pressure heads at those points. Since the
w.\od.ty'a;'B{‘g;umthmatAthem'ﬂlbh. Neglect-

ing friction
Hi+v/2g=H +o/2g,
Hi-H = (ut9%)/2g = (-1 10%/2¢.
Let A=H;-H be termed the Venturi head, then
‘ = {t2gh/(1)]. ‘
from which the velocity through the throat and the discharge of the
nmincanbeulcuhmfif the areas 4t A and B are
obeerved. Thus if the diameters at A and B are 4 and 13 in.,
areas ar¢ 12:57 and 1131 &q. in., and p=9,
o =V 81/80V (2gh) = 1-007V (2¢h).
If the obeerved Venturi head is 12 ft.,
=28 ft. per sec.,
arid the discharge of the main is
28 12-57 = 351 cub, ft. per sec.
Hence by a simple observation of pressure difference, the flow in
the main at any can be d ined. Notice that the
ressure beight at C will be the same as at A except for a small loss
due to friction and eddying between A and B. To get the pressure
at the throat very exactly sutroynds it by an annular
passage communicating with the throat by several small holes,
sometimes {ormed in vulcanite to prevent corrosion. Though cone
structed to prevent eddying as much as possible there is some edd
m The main effect of this is to cause a loss of head between

C
:lt.;hehigbm velocities at which a meter can be used
mental coefficient myst be determj

for each meter by tank
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from point to t along a stresm line, and shows that the total
m;‘:(theﬂﬁ‘wo-uymmdomhthm Two other
e comtuining t putios ol garvsiime ot tbe othes
the containing its radius of curvature at any point, ot

normal to the stream line and the radius of curvature. For the
problems most practically useful it will be sufficient to 5

the stream lines as parallel to a vertical or horizontal plane. If the
motion is in a vertical plane, the action of gravity must be takea
into the reckoning; if the motioa is in a harizontal .thet‘cmn

harigon
variation of elevation of the filament disappear
e‘i’.‘:::?.CD (6g. 34) be two consecutive stream lines, at present
assumed to be in a vertical plane, and PQ a normal to these lines

?r"r
¢

..
*
- -

°

FiG. 34.
making an sngle ¢ with the vertical. Let P, Q be two particles
mov:z alonagb;hue lines at a distance PQ=ds, and let 5 be the
height of Q ve the horizontal plane with reference to which the
energy is measured, v its velocity, and p its pressure. Then, if His
the total energy at Q per uait of weight of fuid,
Heus+p/G+o/ag.

dH = ds+dp/G+vdolg,
for the incretent of energy between Q and P. But
dz = PQ cos ¢ =ds cos é;
.dH =dp/G +odv[g+ds cos 8, o lg:)
where the last term disappears if the motion is in a horizontal plane
Now imagine a m:al cylinder of section w described round Pd

Differentiatiag, we get o

ment. The this coefficient is, however, isingly small,
I to allow for friction, # =y (&/(e~Dly (2gk)s then —Herachel

(2
found values of k from 0-97 to 1°0 for throat vefomtie- varying from
8 to 28 ft. per »sec,
meter i3 extremely con-
venient. At Staimes reser-
voirs there are two meters
of this type on mains 94 in.
in diameter. Herschef con-
trived & recording &
mens 3 recorde
wvariation of flow from hour
to hour and also the total
flow ia any given time. In
Great Britain the meter is
constructed by G. Kent,
who has made improvements
in the recording arrange-
ment.

In the Deacon Waste
Water Meter (fig. 33) a
different principle is used.
A disk D, partly counter-
balanced by a ‘weight, Is
suspended in ::e water flow-
R e main in 8
conical chamber. un-
' _ batanced weight of the disk
is support; i
of the water. 1 the discharge of the main incrcases the Jisk ciam et
as it rises its position tm the chamber 1s such that in consequence of
the larger area the velocity is Joss. It finds, therefore, a new position
?(Meqm ibAum. A pencil P recards on a drum moved by clockwork
; 'thnl:nofﬂlednk.mdfromthuthevangmno{ﬂowi'in,

33. Presswe, Velocity and Enerty in Different Stream Lines.—
“The equation of Bernoull{ gives the variation of pressure and velocity

. an‘axh." This will b% in n%qugibrium under igsec r:dcfonnl?: }:
centri orce, its weight and the pressure on
volum: ?:lwds and its vmsght Guds. Hence, taking the componenty
of the forces paraltel to
wdp = Grtuds[gp-Go cos éds,

where p is the radius of curvature of the stream line at Q. Cooses
queatly, introducing these values in (1),

@H =dsfgp+vdofg = (0/g) (vlp+do/ds)és. @

CungenTs

D, e —k [ ‘he e h iﬂ Fﬂ!u
m-'.;istt stream 1inmc(‘ﬁg. 35) in a vertical plane, Then p is infinite,
and from eq. (2), § 33,

dH =adv/g.
Comparing this with (1) we see that
dz+dplfG =0;

o $+p/G=constant: . @
of the pressure varies hydrostatically as in a fluid at rest. For two
stream lines in 3 borizontal P

ne, 3 is constang, and there-
# is constant.
WI‘ Cwrreni.—Suppose
water flowing radially betweea
i parallel planes, at
a distance apart=3$. Conceive
el s Tt
current at radii £, and ry, W .
the velocities are o and w, and the res $ and pr Since the
flow across each cylindricel section of the current is the sao,
Qmarnde =2x7dn

nH = W

r/remouin.

1The following theorem is taken from a paper by J. H. Couterilly
" On the Distribution of Energy in2 Mass of Fluid in Steady Motioo,
Phil. Mag., Fehruary 1876,

b - -

o
P--- -
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STEADY ‘MOTION OF FLUIDS]
The velocity would be infinite at radius o, if the current could be
corceived to extend to the axis. Now, if the motion is steady,

H = p/G +vi?/2g = po/G +vi?/2¢;
/G -I—n'm"n’zg;

=Py
PG =vi1-nd/rd)/2g; (s)
PG = H-rit0/ri2g. (6)

Hence the pressure increases from the interior outwards, in a way
indicated by the pressure columns in fig. 36, the curve through the
free surfaces of the ﬁressure columns being, in a radial section, the
quasi-hyperbola of the form xy?«¢3. This curve is asymptotic to a
horizontal line, H ft. above the line from which the pressures are
measured, and 10 the axis of the current.

Free Circular Vortex.—A free circular vortex is a revolving mass
of water, in which the stream lines are concentric circles, and in which

the total head for each stream line is the same. Hence, if by any |

slow radial motion portions of the water strayed from one stream
line to another, they would take freely the velocities proper to their
new positions under the action of the existing fluid pressures only.

For such a current, the motion being horizontal, we have for all
the circular elementary streams

H =~ p/G++*/2g mconstant ;
dH ZdpiG+ vddjgmo. )

Consider two stream lines at radii r and r+dr (fig. 36). Then in
(2), § 33. p=rand ds=dr, .
- - »dr/gr+vdojg =0,
dofo=—drfr,
Ve ifr, (8)
precisely as in a radiating current; and hence the distribution
of pressure is the same, pmf formulae § and 6 are applicable to'this

case.

Free Spival Vorlex.—As in a radiating and circular current the
equatiom of motion are the same, they will also apply to a vortex
in which the molion is compounded of these motions in any pro-
portions, provided the radial component of the motion varies in-
versely as the radius as in a radial current, and the tangential
component varies inversely as the radius as in a free vortex. Then
the whole velocity at any point will be inversely proportional to
the radius of the point, and 1he fluid will describe stream hnes
baving a constant inclination to the radius drawn to the axis of the
current. That is, the stream lines will be logarithmic spirals.
When water is delivered from the circumference of a centrifugal
%ll:np or turbine into a chamber, it forms a free vortex of this kind.

e water flows spirally outwards, its velocity diminishing and its
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pressure increasing according to the law stated above, and the head
along each spiral stream kine is constant.

. §35. Forced Vortex.—If the law of motion in a rotating current js
different from that in a free vortex, some force must be applied to
cause the vanation of velocity. The simplest case is that of a
rotating current in which ali the particles have equal angular velocity,
as for instance when they are driven round by radiating paddles
revolving umlormly. Then in equation (2). § 33. considering two
circular stream lines of radii » and r+dr (fig. 37), we have p=ry,
ds=dr, If the angular velocity is a, then v =ar and dumadr. Hence

. dHw=didrlg+erdr]g =2a¥rdre.
Comparing this with (1), § 33, and putting ds =0, because the motion
is horizontal,

dp[G+alrdr/g=24*rdrfg, .

_ dp/G = atrdr/g.

P/G = d*r*)2g+constant. )
Let pr, ni, % be the pressure, radius and velocity of one ¢ylindrical
section, gy, n, v those of another; then . ..

1/G-atrit/2g = py/G—alrs?[2g;
. Pr$)IG = c'(r"g-r. )ag = (m*o')/2g. (10)
That is, the pressure increases from within outwards in a curve

Flc: 37

which in radial sections is a parabola, and surfaces of equal re
are paraboloids of revolution (fg. 37). S pmqu
«  D1sSIPATION OF HBAD 1IN Snocx .

§ 36. Relation of Pressure and Velocily sn o Stkream in Stead;
Motion when the Changes of Seciiom of the Stream are Abrupt.—
When a stream changes section abruptly, rotating eddies are formed
which dissipate energy. Thc energy absorbed in producing rotation
is at once abstracted from that efiective in causing the flow, pnd
sooner or later it is wasted by frictiona) resistances due to the rapid
relative motion of the eddyinF parts of the fluid. In such cases the
work thus expended internally in the fluid is too important te be
neglected, and the encrgy thus lost is commonly termed energy Jost
in shock. Suppose fig. 38 to t a stream having such an
abrupt change of section. Let AB, CD be normal sections at points
where ordinary strcam line motion has not been disturbed and
where it ha:1 bceln Mat})\lg.hdn}i Letw, p. 0 mor section,
pressure and velocily at and wn, f4, B <O i uantities
at CD. Then if no work were expended internally, ndqmuniu
the stream borizontal, we should have . ' .

PIG+v* /2= /G +u/2g. n
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But if work is expended ia

head at the section CD will be diminish
Suppose the mass ABCD comes in a short time ¢ to A'B'C'D’,

The resultant force parallel to the axs of the stream 1s

pot prlun—w)-pun, .

produciog ir:?uhr eddying motion, the

HYDRAULICS

(DISCHARGE, FROM ORIFICES

Sugyoae that in a short time £, the mass 00ag comes 2o the position
0’0" a'd’; the impulse of the honizontal externa: forces acting on
the mass during that time is equal to the horizontal change of
momentum. .

The preseure on the side OC of the mass will be balanced by the

where py is put for the p on the space
between AB and EF. 'll'lne im;zulse ;J‘ lha‘t force is
. P + Polwr-w)-prant.
The horizontal change of momentum mheum time is the differ-
, ence of the momenta of
CDC’D’ and ABA'B’,
use¢ the amount
of momentum bes
e = — tween A'BY and CD
o reniains unchanged
———— = if the %}'uliorll is
ol steady. e volume
T T of ABA'B or CDC'Y,
. being ‘the inflow and
: outflow in the time
——— 05 Qt=wt =,
and the momentum of
these masses s
(G’g)Quand((-,if)in.
The change of m-
uating this to the impulse,

—— ————

—t —

F1c. 38.

mentum is therefore (G/g)Q!(n-v).
lpu+£¢(w-—w)-pm [ = (G/g) QY (n~0),
Assume that pyw p, the pressure at AB extending unchanged through
the portions of fAuid in contact with AE, BF which lic out of the
path of the stream. Then (since Q =win)
oG- )(-(G)/ o (o-)s
-0, (h—v)/g, 2
PIG-&’m =pi/G+o'f2g+(--n)fag. 8
This differs from the expressi 1), , obtained for cases where
no sensible internal work is done, by the last term on the right.
That is, (v-%)"/2¢ has to be added to the total head at CD, which
is p/G +o? Zf. to make it equal to the total head at AB, or (v-v)?/2g
is the head lost in shock at the abrupt change of section, But
ot is the relative velocity of the two parts of the stream. Hence,
when an abrupt change of section occurs, the head due 10 the relative
velocity is lost in k, or (v-v,)!/2g foot-pounds of cnergy is
wasted for each pound of fluid. Experiment verifies this result,
20 that the assumption that po=p appears to be admissible.
H there is no shock.,G G+ @nt)iz
If there is shock, A P ¢
P/G = p[C-n(n-v)/z.
Hence the pressure head at CD in the sccond case is less than in the
former by the quantity (v-t1)2¢, or, puttiog wity=ws, by the
quantity
(%/2¢) (1-wfun)*. (4)
V. THEORY OF THE DISCHARGE FROM ORIFICES AND
MOUTHPIECES
§37. Minimum Coefficient_of Conmtraction. Re-tmtrant Mouth-
piece of Borda.—In one special case the coefficicnt of contraction
can be determincd
theoretically, and, as
it is the case where
the convergence of the
streams  approaching
the orifice takes place
through the greatest

cfficient thus deter-
coefficient.
Let ﬁf;. 39 represent
a vessel with vertical
» OO being the
frec water surface, at
which the pressure is
pa. Sy the tiquid
1ssucs a horizontal
mouth ., which is
re-entrant and of the
greatest length which
permits the jet to
spring clear from the
inner end of the
orifice, without adher-
ing to its sidesc  With
such an otifice the
velocity near the
points CD is negligible,
.and _the pressure at those points may be taken equal to the hydro-
static pressure due to the depth from the free surface. Let -2 be
the area of the mouthpicce AB, w that of the contracted jet ao.

Fic. 39.

possible angle, the co- |

mined is the minimum |

p on the of side OE, and so for all other portions of the
vertical surfaces of the mass, excepting the portion EF opposite the
mouthpiece and the surface AaaB of the jet. On EF the pressure is
simply the hydrostatic pressure due to the depth, that is, (P.+Gh)Q.
On the surface and section AgaB of the jet, the horizontal resultant
of the Yresmre is equal to the atmospheric pressure p, acting on the

vertical projoction AB of the jet: that is, the rosultant pressure is
-;.!1 ence the resultant horizontal force for the whole mass
is (Pe+Gh)B-pa2 =GR  lts impulse in the time ¢is Ga ¢

Since the motion i steady there is no change of momentum between
'O’ and aa. The change of horizontal momentum is, therefore,
the difference of the horizontal momentum lost in the space 000’0’
and gained in the space gag’s’. In the former space there is no
horizoutal momentum. .
The volume of the space aga’a’ is wol; the mass of liquid in that
space 1s (G/g)wrt; its momentum is (G/ght®, Equating impulse to

momentum gained,
ka-gllx)mﬂ:
SwfQeghfot, .

v u2gh, and w/@mc,|
Sw/Qembmee;
a result confirmed by experiment with mbuthpieces of this kind.
A similar theoretical investigation Is not possible for orifices in
plane surfaces, because the, vt.lggalx along the sides of the vessel in
the ncighbourhood of the orifice is not. so small that it can be
ncglected. The resultant horizontal pressure is therefore greater
than Gh2, and the contractlon is less. ‘The experitherital values of the
cocfficient of discharge for & re-entrant moulhgiece are 0-§149
(Borda), 0-5547 (Bidone), 0-5324 (Weisbach). values which differ
little from the theoretical value, -5, given above.

§ 38. Velocity of Filaments 1ssusng in a Jet.—A jet is com,
of fluid filaments or elementary streams, which start into motion at
some point in the
interior of the vesscl
from which the Aufd
is discharged, and
gradually acquire
the vclocitK of the
jet. Let Mm, fig.
40 be such a fila.
ment, the point M
being taken where
the wvelocity . is in-
sensibly small, and
m at the most con.
tracted section of
tﬁl;: jet, wI:\cre &

ments have
come parallel and Fie. 40.
exercise uniform mutual pressure.  Take the free surface AB for
datum line, and let pi, v, ki, be the pressure, velocity and depth
below datum at M p. v, A, the corresponding quantities at m.
Then § 29, cq. (’}n). '

- w2g 4+ p/G-hy =204 pIG-h. . (3]

| But at M, since the velocity is inscnsible, the pressure is the hydra-
static pressure due to the depth; that is, =0, py=p4Gh. At
m, p= pa, the atmospheric pressure round the jet. Heace, inserting
these values, +’ IG'-H " v;i pulCh

. Q+tpa 1~y =V {28 + pa, H

¥}/2g=h; (2)

v (2¢h) =8-025V b (2a)

That is, neglecting the viscosity of the fluid, the velocity of fila-
ments at the contracted section of the jet is simply the velocity due
to the differcnce of level | . :
of the free surface in the
reservoir and the orifice.
If the orifice is small in
dimensions compared with
k. the filaments will all
havé scarly the same vel-
ocitx. and if k is measured
to the centre of the otifice,
the equation above gives
the mean velocity of the

Case of a Submerged
Oryfice.—~Let  the onfice
discharge below the level
of the tail water. Then .
using the notation shown in fig. 41, we bave at M, n=o.p1 = Ch;+pa
at m, p=Ghi+pe. Inserting these valuesin (3), § 29,-

But

—

or

FiG. 41,

o4k +u/G-hy =o?/2g +Ahy4-9./C i

¥/2g = hymhy mh, O
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where 4 is the diffcrence of level of the head and sail water, and inay
be urmed’mlhe effective head producing Aow.
Case where

“Pressures are dyfferens on the Free Surface and at

. the  Orifice.—~Let the
fluid flow from a vessel
in which the pressure
is pointo a veseel in
which the pressure is
P, fig. 42. The pres-
sure pe will produce the
same effect as a layer
of fluid of thickness

#0/G added 1o the head
water; -and the pres-
sure P will produce

the same effect as a
layer of thickness p/G
added to the tail
water. Hence the
eflective difference of
level, or effective head
K:oducmg fow, will

FiG. 42. h=he
=ho+polG—p/G:
and che. velocity of discharge will be . wiG-p ,
v=v]2glhe+ (v —$)/Cl}. @
We may ex| this result by saying that differences of pressure at
the free surlace and at the orifice are to be reckoned as part of the
effective head. |
Hence in all cases thus far treated the velocity of the jet is the
velocity due to the effective head, and the discharge, allowing for
contraction of the jet, is
Q=cwo = cu (2gh), ()
where w is the area of the orifice, ¢w the area of the contracted
section of the jet. and & the effective head measured to the centre of
the orifice. 1f h and w are taken in feet, Q is in cubic feet second.
It is obvious, however, that this formula assumes that all the
filaments have sensibly the same velocity. That will be true for
horizonta) orifices, and very approximately true in other cases, if
the dimensions of the orifice are not large compared with the head h.
In large orifices in say a vertical surface, the value of & is different
for different filaments, and then the velocity of different flaments is
not sensibly the same.

SiurLE ORIFICEs—HEAD CONSTANT
. Large Reclanguior Jets from Ovifices in Vertical Plane Sur-
/u’css.?—Let :en orifice in a venic{l plane ﬁrfmbe 0 formed that it
produces a jet having

vertical and horizon-
tal sides. Let b (fig.
43) be the breadth of
the jet, &y and ks the
- depths below the free
surface of its upper
and lower surfaces.
Consider a lamina of
jet between the

WU SRPpE

the
dept
Its normal section is
. .bdh, and the velocity
of  discharge ¥2gh.
The discharge per

Ftc. 43.

second in this lamina is therefore b5¥Zgh dh, and that of the whofe
jet is therefore

o " Qe f :jw L2gh)dh
. : =3bvzg thf — k),

6) ;
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orifice the area of the orifice is ww B(Hy— H,), and the depth measured
to its centre is Q(Hgﬂ.%.(HPutgn)g" thm vaaxes in (), o
- - - .
From (6) the discharge s | © Y 6t El
= §cByzg(H¥ —H,T).
Hence, for the same va'ue or'z in the two cases.
=§H,' - H){(He— 3
Let HJ/Hs 3:/’%‘“1( s — Hi)[(He—Hov ((Ha+Hh)fai}.
QuiQi=09427 (1 =ofl1 —-o¥ (1+6)). (9
If H; varies {rom o to o, o(=H)/H;) varies from 0 to 1. The
following table ym values of the two estimates of the discharge

for different values of ¢:—
HyfHyme. Q/Q1. Hi/Hy=eo. Q./Qn.
o0 ‘943 o8 999
os HY o | 1%
o7 9‘)g

. Hence it is obvious that, except for very small values of o, the

simpler equation (5) gives values sensibly identical with those of
len ¢ <0-5 it is betrer 1o use eguation (8) with values of

¢ determined experimentaily for the particular proportioas of osifice
which are in question. - -

§ 40. Large Jets having g Clrcular Section from Orifices in a Vertical

Plane Surface.—Let fig. 44 represent the section of the jet, 00 being

o o

ﬁ?'".'..-.‘

. F16. 44. .
the free surface level in the reservoir. The discharge through the
horizontal strip aabb, of breadih ea =5, between the depths & +y

S T
b =by |2, .
The whole discharge of the jet is thry

Q= [ b lagthu+Ndy.
‘B,;:lb-dsino: y=1d(1~cosd); dy={dsineds. Lete=d/(2h;+d),

QY fagth 44/ rin oV T=rcan g de.

From eq. (5). putting ww=wd'/y, Ami+d/2, c=1 when d is the
d’ameter of the jet and not that of the orifice, : .
Q =i laglhi+d/a)l,
Qi=2/s"f sintev [t —ecos ¢]de.
°

For k=@, e=0and Q/Qi=1;
andfor M=o, vwiand Q=096 . ,

So that in this casc aiso the difference between the simple formula
(5) and the formifz above, in which the variation of head at different
: partg of the orifice is taken into account, is very small.

Notcues anp Weigs - !

§ 41. Noiches, Weirs and Byewashes.—A notch is an orifice ex-
tending up to the free surface level in tho reservoir from which the
discharﬁ‘e takes place. A weir is a structure over which the water
flows, the discharge being in the same conditions as for 2 notch.
The formuia of discharge for an orifice of this kind is ordinarily
deduced by putting H; =0 in the formula for the corres; ing onfice,
brained as in the ng section. Thus for a rectangular notch,

where the fn'st factor on ing on the
form of the orifice. .

Now an onfice producing t.mctangélhr jet must itseif be very
approximately rectangular. t B the breadth, H,, H,, the
depths to the upper and lower edges of the orifice. Put

© bk~ MY/B(H! ~Hil) -, (6]
Then the discharge, in terms of the dimensions of the orifice, instead

of those of the jet, is .

1 q

the right is a coeflicient

Q=1BVIg(HI - H, ®
the formula commonly given for the discharge of rectangular orifices.

The cocfficient ¢ is not, bowever, simply the coefficient of contraction,
the value of which is : '
d(ke=h)/B(H; = Hy), .
and not that given in (7). It cannot be assumed, theretore, that ¢
n equation (8) is constant, and ia fact it-is found to vary for different
valucs of B‘:i. and B/H,, and must be pscertained experimentaily.
Relation between the Expressions (5) and (8).—For a rectangular

put Hy =0 in (8). n )
| . ‘?-‘ll ¢ B‘(?:)H’. ()]
where H is put for the depth to the crest of the weir or the bottom
of the notch. Fig. 45 shows the mode in which the dis¢harge occurs
in the case of a rectangular notch or weir with a level crest. As the
frec surface level falls very sensibly near the notch,, the head H
should be measured at same distance back from the notch, &t a
point where the velocity of the water is verhtmall.

Since the area of the notch opening is BH, the above formula i«

of the form
Q=cXBH Xkv (2¢H),
where kis a factor depending on the form of the notch and expressing
:jhe rﬁt}ul» he mean velocity of discharge to the velocity due to the
epth H. .
42. Francis's Formula for Reclangular Noiches—The' jet dis-

charged t/ 3 neurfulnr notch has & section smaller than BH
(@) because of the all of the water surface from the point where H



.u measured toward- the weir, (5) in consequence of the crest con-
) i the end coatractions. It may be
pomwd out that while the diminution ol the section of the jet due
to the surface fall and
.to the crest corl\lrmu‘)‘:
propomona to t|
h of the weir, the
contractions have
nearly the same effect
whether the weir is wide
orjn:én?._w.
rancis's experis
ments showed that a
perfect end contraction,
when the heads varied
from 3 to o? in., and
the length the weir
was not less than three
times the head, dimin-
ished the effective
fength of the weir by
an amount approxi-
mately equal to one-
tenth of the head.
Hence, if { is the length
of the notch or weir, and
H the head
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or, introdaciag a ceethcient to allow for contnction'
-Q= By (2g)HE

When 2 notch is used to gauge a stream ' of varying flow. the ratio
B/H varies if the notch is. . but is coastaat i the.notch is
triangular. Tlns led Prof ames Th that the
coefficient of dis-
charge, ¢, would
be much more
constant with -
different  values
of H in a trian-
gular than in a-
rectangular
notch, and this
has been experi- TR TR
mem;llyh:shovm TR emRemestT e
to the case.
Hence a trian- Fic. 46.
gular notch is more surnadle I'or accurate gaugmgs thana rectangular
notch. For a notch P
found c=0-617. It will be seen. as in § 41, thal since QBH is the
area of section of the stream through the notch. the formula is

again of the form
Q=cX1BH XRV (2gH),
where k=& is the ratio of the mean velocity in the natch to

to

e

A

B
i
i

behind the weir where
the water is nearly still,
then the mgxh o{‘ tgz
et passing through t!
‘:mch would bel—o0-2H
allowing for two end
contractions. Ina weir
divided by posts there
may be more than two
end contractions.
Hence, generally, the
width of the jet is I -0 mH where #tis the number of end cont ractions
of the stream. The contractions due to the (all of surface and to the
crest contraction are proportional to the widthof the jet. Hence,ifcH
isthe thickness of the stream over the weir, measured at the contracted
section, the section of the jet will be c(i~o-inH)H and (§ 41) :he
mean velocity will be §v (2 ﬁfl? Consequcmly the discl will
be given by an equation of t

Q=§c(i—o-tnH)H JzgH
=g-35¢(! —o0- |uH)H
This is Francis's formula, in which the coefficient of discl cis
much more nearly coastant for different values of J and b in
the ordinary formula. Francls found for ¢ the mean value 0-622,

the weir being sharp-ed; g"

§ 43. Triomgular Noi (GE. 6).—Consider a lamina issuing be-
tween the depths k and k+dh. lts area, neglecting contraction, will
be y and the velocity at that depth is v (3¢gh). Hence the dis-

charge for this lamina is

by 2¢h dk.
But B/b=H/(H—k); b=B(H~k)/H.
Hence discharge of lamina

- dk/H;
and totalducharxeol nog[ 09 GedbIH:
(H—h)hidh/H

=Q=Bvg))e
=BV (2pHI

Coejicmus for the Discharge over Weirs, derived from the Ex
me head, and fhe results were presty uniform, the res

ting coe,
u very sirongly marked.

the

v;loc:ty at the depth H I may easily be shown that for all notches
the

pose a weir formed

tn this (orm.
§ 44. Werr unlh a Broad Sloping Crest. -Slap
with a broad crest so sloped that the streams flowing over it have a
movement sensibly rectilinear and uniform (fig. 47). the inner
edge bé s0 rounded as to preveat a crest contraction. Consider a
t aa’, the point a being so far back from the weir that the

o

DR SRR LR
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velocity oL ap mfroach is negligible. Let OO be the sudaee lml in the
reservoir, and let @ be at a_height 4° below OO, and A’ above @
Let & be the distance lmmOOwthewurcresl amdcthethu:knu-
of the stream uporit. N ., which
nomﬂuemt.th:prenurealauck ; ata uuGs. ll‘vbethe

velocity at a’,
H/ag=h'+h"—s=h—e;
Q=be v2glh—e).
Th does not furnish a value for ¢, but Q=0 (or e=0 and for
emk. () has therefore a maximum for a value of ¢ between 0 and &,

obtained by equating dQ/de to zero.  This gives e = §4, and, insecting

this value,
85 bk Vzgh.
as a maximum value of the dnschavge with the conditions assigned.
Experiment shows that the actual discharge is very approximately
equal to this maximum, and the otmula is more 1timately ap-
to t! e over b weirs and to cases such
as the discharge with free upper surface through large masonry

iments of T. E. Blackwell. Whien more than one experiment was made with the
ients are marked with an (*).

The effect of the mmpng wing-boards

Heads in Sharp Edge. Planks 1 in. thick, square on Crest. Cresis 3 [1. wide.
inches
measured loh
e il 1.3 . toag. | roft. tons. | s 1t tong. | 61t tong. | o tome ..x.:f.num 30 Jong. | 0 lons: 113, does. 1 64 kone, | 101 long. i, long,
Wl
1 677 -809 467 459 | -435! 754 *452 : -467 . -381 467
2 675 | -803 '509°% | 61 -585° -675 +482 -2:% -533 .. 479‘ 495°
3 630 | -642° | -563° | -597° -go. M - ‘441 537 | -539 | -49%% ..
r €17 656 . 5: -57% -b02* -656 -319 438 455 -497* 515
2 60z | -650* | -588 | -601% -boz' 671 -479 516 . 518 ..
*593 . -593% | -608% ] 5767 -501° 1531 '507 *513 *543
7 s .. |7‘ -608° | :576° . 488 513 -§27 497 L. RS
8 .. 581 606* | 's90° | -548°* . -470 -491 . it -468 ‘507
9 - 530 +600 -569° | -558° - -476 492% | -498 +480° | 486 V.
to . . 614* | 539 | -5347 . . e . -465? 455 .
1”2 : . 525 -sn' .. 467
14 -549° .

The discharge permndvan:d{mm *461 to 665 cub. ft.

in two dperimenu. The coefficient

-43$ is derived from the mean value,
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sluice ornings than the ordil::gr weir formula for sharp-edged
weirs. It should be remembered, however, that the friction on
the sides and crest of the weir has been neglected, and that this
tends to reduce a little the discharge. The formula is equivalent
to the ordinary weir formula with ¢=0-577.

SPECIAL CASES OF DISCHARGE FROM ORIFICES

§ 45. Cases tn whick the VM,@]A%rmkmed:lokum
into Account. Reclangular Orfices and Nolches.—1n finding the
velocity at the orifice in the n:‘eding investigations, it has been
assumed that the head k has measured from the free surface
of still water above the orifice. In many cases which occur in

ractice the channel of approach to an orifice or notch is not so

rge, relatively to the stream through the orifice or notch, that the
velocity in it can be disregarded.

Let ki, by (fig. 48) be the heads measured from the free surface to
the top and bottom edges of a rectangular orifice, at a point in the

D L s

Fic. 48.

channel of approach where the velocity is . It is obvio;.xs that
fall of the free surface,
§=utf2¢

has been somewhere expended in pruducing the velocity w, and
hence the true heads measurcd in still water would have been b+
and k+5. Consequently the distharge, allowing for the velocity

of approach, is -
 Qe=¥cbvagi(ha+§)8 ~ (h+H)%). (1)
And for a rectangular notch for which k=0, the discharge is
Q= 1cbvzel(hs + 611 - i), (2)

In cases where u can be directly determined, these formulae give the
i quite simply. When, however, u is oaly known as a

HYDRAULICS
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Qi-MJ"lH"'l’l } @) !
Qi=ch(b—h)¥2gh | "

In the case of a rectangular notch or weir, ki =0. Inserting this

value, and adding the two portions of the discharge together, we get

for a drowned weir _

Q =cbyagh(k—h/3), ‘ Y]
where & is the difference of level of the head and tail water, pnd &,
i(sﬁthe I):ead from the free surface above the weir to the weir crest

. 50). .
i‘rgm some experiments by Mesasrs A, Fteley and F. P. Stearns
(Trans. Am. Soc. C.E., 1883,'p. 102) some values of the coefficient ¢

can be redu

L. ¢ ka/b ¢

o1 0-629 o- 0578

o2 0614 0 o-$8

03 0-600 09 0-5 ,

o4 o 095 0-607

o 0-582 1-00 0-628

.2 o578
If velocity of approach is taken into account, let § be the head due
to that velocity; then, adding § to each of the s in the equations

)« and reducing, we get for a weir

Q=cby2gl(h:+0)(h+5) - 3 6+ 5 —T50); [

an equation which may be useful in estimating flood discha

Brudge Piers and other Obsiructions in Streams.~—~When piers
of a bndge are erected in a stream they create an obstruction to the
flow of the stream, which
causes a difference of surface-
level above and below
pier (6g, 51). If it is neces~
sary to estimate this differ~
ence of level, the flow
between the piers may be
treated as if it occurred over
a drowned weir. But the
value of ¢ in this case is
imperfectly known.

47. Bazin's Researches on )
Weirs.—H. Bazin has executed a long series of researches on the
flow over weirs, so systematic and complete that they almost
supersede other observations. The account of t is contai
in a scries of papers in the Annales des Ponts et Chaussées
gctober 1888, January 1890, November 1891, February 1894,

ber 1896, 2nd trimestre 1898). Only a very abbreviate:

function of the section of the stream in the channel of approach, they
become complicated. Let @ be the sectional area of the channel
where b and ks are measured. Then u=Q/ Qand Y= */2¢ .
This value introduced in the equations above would repder them
excessively cumbrous. 1In cases thercfore where @ only -8 known,
it is best to proceed by approxi lculate an app
value Q' of d) by the equation

Q' = fcbv 2gthat —hil).
Then §=Q"2¢0% nearly. Thisvalueof §int d in the equati
above will give a sccond and much more approximate value of Q.

§ 46. Partially Submerged Rectangular es and Nolches.—
When the tail water is above the lower but below the upper edge
of the orifice, the. flow in the two parts of the orifice, into which it
is divided by the surface of the tail water, takes place under different
conditions. A filameot M,m, (fig. 49) in the upper part of the
orifice issues with a head &° which may have any value between

ki and k. But a filament Mym, issuing la the lower part of the
orifice has a velocity due to k*—4", or k, simply. In the upper part
of the orifice the head is variable, in the lower constant M Qi, Qy
are the discharges from the upper and lower parts of the onfice,
& the width of the orifice, then

X1V 2

account can be given here. The general d;::gn of the experiments
was to establish first the coefficients of discharge for a standard
weir without end ions; mnext to lish weirs of other
types in series with the standard weir on a channel with steady
ow, to compare the ol heads on the different weirs and
to determine their coefficients from the discharge computed at
the standard weir. A channel was constructed parallel to the
Canal de Bourgogne, taking water from it through three sluices
0-3X1-0 metres. The water enters a masonry chamber 1§ metres
Ionghby 4 metres wide where it is stilled apd passes ihto the canal
at the end of which is the standard weir. The canal has a length
of 15 metres, a width of 2 metres and a depth of 11-6 metres. : From

. . 1
this extends a channel 200 metres in length with a slore of 1 mm.
per metre. ‘The channel is 2 metres wide with vertical sides.
channels were constructed of concrete rendered with cement. The
water levels were taken in chambers constracted nesr the canal,
by Roats actuating an index on a dial. Hook gauges were used in
dﬂermmuf the heads oa the weirs,
Standard Weir—The weir crest was, 3-72 ft. above the bottom
of the canal and formed by a plate 1 in, thick. It was sharp-edged
with free overfall. 1t was as wide as the canal so that end coo-
tractions were suppressed, and enlargements were formed below
the crest to admit air under the water sheet. The channel below
the weir was used as a gauging tank. Gaugings were made with the
weir 2 metres in length and afterwards with the weir reduced to
1 metre and 0-5 metre in length, the end contractions being sup-
pressed in all cases, Assuming the gencral formula
Q=mihv (2gh), @)
2a
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Bazin arrives at the following values of.m:—
Cocfficients of Discharge of Standard Weir.

Head & metres. Head & foet. L]
0-0§ B 0-4482
o-10 321 o
o-1§ 492 042
0-20 -056 0-4262
o258 -820 042,
0-30 0.
035 lm 0'3
040 1-312 042
045 1:476 0-4299
0-50 1+ 0-4313
055 T 0432
o-go !;gg '0-2341

Bazin compares his results with those of Fieley and Stearns in 1877
and 1879, correcting for a different velocity :{approuh, and finds
a close agreement.

Infiuence of Velocity of Approack.—To take account of the velocity
of approach # it is usual to replace k in the formula by k+4-au?j2g
where o is a coefficient not very well ascertained. Then

Q=pl(h+axt[20)V {2¢(k+an?/2g)}
2 G s Laataghn

The original simple equation can be used if

m = p(1+anf2gh)t
or very approximately, since w/2gh is small,

m =p(14-Rau?f2gh). Q)
Now if p is the height of the weir crest above the bottom of the
- canat (fig. 52), w=Q/i(p+h).
B lacing Q by

@)

its value

1
o/agh =P /12eM (p1-h)?)
e @

80 that (3) may be written

e meuli+EbG+R. (5)

Ga_uzinfs were made with

77 weirs ol 0-75, 0-50, 0-35, and
0-24 mctres height above
the canal tom and the

results compared with those of the standard weir taken at the same

~aTWs AT
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from the weir, but encloses a volume of air which is at less than
atmospheric pressure, and the tail water rises under the sheet.
Th.?m is a little greater than for [ree overfall. At greater
head the air disappears from below the sheet and the sheet 1s said
to be "' drowned.” " The drowned sheet may be indcpendeat of the
tail water level or influenced by it. In the former case the fall is

followed by a rapid, terminatiag im a standing waye. [n the latter
case wi foot of the
sheet is wned the level =- = = =-]-

of the tail water influences
the discharge even if it is
below the weir crest.

Weirs witk Flat Crests.—
The water sheet may spriag
clear {rom the upstream edge
or may adhcre to the flat
crest falling free beyond the
downstream edge. In the
former case the condition is that of a sharp-edged weir and it is
realized when the head is at least doulile the width of crest. It may
arise if the bead is at least 1} the width of crest, Between these
limits the condition of the shect is unstable. When the sheet
is adherent the coefficicnt m depends on the ratio of the head &
to the width of crest ¢ (fig. 53), and is given by the equation
m=m, [0-70-+0-185k/c), where m, is the cocfficient for a sharp-

weir §n similar con- . .

ditions. Rounding the up-
stream edge even to a small
extent modifies the dis-
charie. If R is the radius
of the rounding the co-
efficient m is increased in
the ratio 1to3 4R/ nearly.
The results are limited to k
fess than § in.

i gt & 7.

. 54 e height
head water and &, tgat of . Fic. _’4' .
tail water above the weir crest, Then Bazin obtains as the approxi-
mate formula for the cocfficient of discharge

m=t-o5m|1+iky/p]¥ L (b - h)/h},
where as before m, is the coefficient for a sharp-cdged weir in similar
conditions, that is,
when the sheet is
free and the wele

time. The discussion of the results leads to the foliowing values of | of the sameheight.
m in the general equation (1):— § 48. Separating
o m=u (1 42-547/2gR) Weirs. — Man
< mpl14-0-55(4/(D+R)1]. towns derive their
Values of p— water-su my '?ET:
Head k metres. | Head & fect. » moorland dis-
tﬁncu_. in which tlhe able. Th ‘s collected in 1
. ow is extremely variable. ¢ water 13 collected in large stora;
g:?g ;lp :':35; reservoirs, from which an uniform supply can be seat to the town. f:
020 -636 0421y :
0:30 04174
2'4" : ‘: 041 Plan of
°'zg l“)28 g-:tlv;z Cast Iron
An approximate formula for u is: Kay

1 =0:405+-0-00, {k (h in metres)
p=0-40540-01/k (A in feet). -

Inclined Weirs.—Experiments were made in which the plank weir

was inclined up or down stream, the crest being sharp and the end

contraction sup; ,  following are coefficients by which
the discha: a vertical weir should be multiplied to obtain the
discharge of the inclined weir. T
. . Cocfficient.
Inclinationupstream . . . ttol 093
" " 3to2 o
s » 3ton o
Vertical weir . . . . . .. 1 1:00
Inclination down stream . . 3to1n 1-04
" " Jto2 1-07
" oy Ttot 510
" " 1to2 112
1to4 1

” » ‘09
‘The coefficient varies appreciably, if A/p approaches unity, which
case should be avoﬁicd. . A

In all the preceding cases the sheet ng over the weir is de-
tached completcly from the weir and its under-surface is subject
to atmospheric pressure. These conditions permit the most exact
determination of the coefficient of discharge. 1f the sides of the
canal below the weir are not so arranged as to permit the access
of air under the sheet, the phenomena are more complicated, So
long as the head does not exceed a certain limit the sheet is detached

e
e, : LR
s woeCenmntiContrete = p i+ Tavey./
Ftc. 56.
such cases it is desirable to e the coloared water which comes

down the streams in high floods from the purer water of ordinary
flow. The latter is sent into the reservoirs; the former is allowed
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to flow away down the original stream channel, ‘or is stored in
separate reservoirs and used as compensation water. To accomplish

the separation of the flood and ordinary water, advantage is taken of -

the different horizontal range of the parabolic path of the water
falling over a weir, as the depth on the weir and, consequently, the
wvelocity change. Fig. 55 shows one of thesc separating weirs ia the
form in which they were first introduced on the Manchester Water-
works; fig. 56 a more n weir of the same kind designed by
Sit A. Binnie for the Bradford Watcrworks. When the quantity of
water coming down the stream is not excessive, it drops over the
weir into a transverse channel leading to the reservoirs. {n flood,
the water springs over the mouth of this channel and is led into a
waste channel.

It may be assumied, probably with accuncgoemu h for practical
purposes, that the particles describe the parabolas duc to the mean
velocity of the water passing o‘ﬁr :ﬁh)c werr, that is, to a velocity

2
where & is the head above the crest of the weir.

Let cbmx be the width of the orifice and ac =y the difference of

level of its edges (fig. 57). Then, if a particle pasees from g to b in ¢

seconds, "
7ot o] oo

which gives the width x for any given difference of level
i Set off

] ) and head
b, which the jet will just pass over the orifice. vertically

eeegengompaerey £

SRS

i

!

:

H

i

il
e ] Vg—h_"“"""’i
FI6. 57.

and equal to §g on any scale; af horizontally and equal to v (gh).
Divide &, fe into anxunl num{er of cqual parts. Join @ with the
divisions on ¢f. The interscctions of these lincs with verticals from
the divisions on af give the parabolic path of the jet:

Movrrrreces—Heap ConsTANT

[qu Cylindrical Mouthpicces.—~When water issues from a short
cy n&‘ia pipe or mouthpicce of a length at least equal to 1} times
its smallest t di ion, the stream, after contraction within
the mouthpiece, expands to fill it and issues full bore, or without
contraction, at the point of discharge. . The discharge is found to
be about one-third greater than that from & simple orifice of the
same size. On the other hand, the energy of the fluid per unit of
weight is less than that of the stream from a simple orifice with the
same head, because part of the energy is wasted in eddies produced
at the point where the stream expa. to fill the mouthpiece, the
:‘nion_ ing something like that which occurs at an abrupt change

section. -

Let fig. 58 rep a vessel through a cylindrical
mouthpiece at the depth A from the {rce surface, and let the axis of
the jet XX be taken as the datuf with reference to which the head
is estimated. Let Q be the area of the mouthpicce, w the area of
the stream at the contracted section EF. Let 9, p be the velocity
and pressure at El’?‘, and o, g the game quantities at GH. If the
discharge is into the air, # is equal to the atmospheric ﬁrcgsurc Pa.

The total head of any filament which gocs to form the jet, taken

1 disch
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at a polrt where its velocity is sendibly zero, is A+$,/G; at EF the
total head is 2 ;at GH it &
Betwaen Eb asd G4 ihere s 2 lows ol E i

e of due to abrupt cha
of velocity, which from eq. (3), ’36;myhavethzvalue Pt change

. v—n)/2g. .
Mdingﬂli-headlo-ttothehe-dutéﬂ,be{om uating it to ¢
heads at B’l‘? _:;d /2‘: tl:f /ppi:t ;ahcm 'tlhe +ﬁ|sm(e;nu ::llt ix:‘;‘ motion ,b:.
. /G =vA[2) =-tt/2, v—m)2g.
Butn-m.andu-c.nfitg.inhz o S comielat
the mouthpiece. Hence
) L y=Oefo=nlc,.
Suppoeing the discharge into the alr, 0 thit py =g,
A4palG =012+ /G 4 (0i¥/2g) (1/c—1)0;
. ("l/zl)(l't(llh-l)‘l"l(:l 4
Sonmy eV Itk 1) (1)
where the coefficient on the right is evidently the coefficient of vetoi
for the cylindrical ne i of L4
mouthpiece in terms of
the coefficlent of con-
traction at EF. Let
€,™064, the value for
simple orifices, then the
c:&m‘ at of veloeity is

w1/ {r+life—1)1}
=087 (2)

The actual value of ¢,
found by experiment is
0-82, which does not
differ more from the
the«;lreﬁbc:l value mt’har}
might expected i
thez friction of the
mouthpiece is allowed
for,
’

nt of contraction within

Fic. s8.
ence, for mouthpieces of this kind, and for the section at

Ce™1-00 (=0-82,
e 8-0-32@4 (agh).

It is easy to sce from the equations that the pressure p at EF is
less than atmoapheric &renure. Eliminating », we get (.‘;)

e 2)/G = %k nearly;

or p=pa—1GAID per sq. ft.
M a pipe connected with a réservoir on a lower level is introduced
into the mouthpicce at the part where the contraction is formed
(6ig. 59), the water will rise in this dﬂpc to a height

KL = (ps —$)/G =1k nearly.
If the distance X is less than this, the water from the lower reservoir
will be forced continuously into the jet by the atmospheric pressure,
and discharged with it. This is the crudest form of a kind of pump
known as the jet pump. .

§ 50. Convergent by With 3 mouthpieces
there is a contraction within the mouthpiece causing 2 loss of head
and a diminution of the velocity of dacharge, as with cylindrical
mouthpieces. There is also a second contraction of the stream out-
side the mouthpicce. Hence the discharge is given by an equation

of the form

Qmcoc AV f‘zdgi). . w
where 01 is the arca of the external end of the mouthpiece, and ¢,Q
the section of the.contracted jet beyond the mouthpiece.

Convergent Mouthpieces (Castel's Experiments).~—Smallest diameter of
orifice =0-05085 fI. Length of mouthpicce =2-6 Diamelers.

65083

e

Angle of Coeflicient of | Cocficient of 'c§m§i:m of
ontraction, el Y. 1SC! e,
Convergenee. Py PY ¢ B!
e 139 ‘536 k73
310! 1-00t -854 -895
4° 10’ 1-002 910 912
5. 26! 1-00 920 924
i 52/ 99 ‘931 929
to° 30 % 5% %
12° ¢ *986 *9855 942
13 24) -+983 1962 946
lz. 2 , 979 041
167 36 969 971 -938
19° 28’ ' 933 979 92,
at? o ‘948 971 ‘91
237 of *937 974 w
29° 58 919 978 :
407 20! -887 980 -869
48° 50 861 984, -847

The maximum coefficient of discharge is that for 2 mouthpiece
with a convergence of 13° 24’. L

.
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The values of ¢» and ¢, must here be determined by
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ired for ping esters at A. The water to be pumped enters

The above table gives values sufficient for practical purposes. Since

- .the contraction beyond
the mouthpiece increasts
with the convergence,or,
what is the same. thing,
¢ diminishes, and on the
other hand the loss of
energy diminishes, w
that ¢, increases with

the convergence, there
is an angle for which the
product ¢¢ ¢v, and con-
sequently the discharge,
is &8 maximum.
.‘ul. Divergent  Con-
Mowshprece.—Supe
posc a mouthplece s0
designed that there is
no ahrupt change in the
Ttion or velocity of
the stream _passing
through it. It mg
have a form at the
innerl er‘ni approxi-
mately t fame as
that of a simple contracted vein, and may th,::n enlarge gradu-
ally, as in- fig. 60 Sugepoue that at EF it mes
cyhndtical, so that the jet may taken to be of the diameter
. Let w, v p be the section, velocity and pressure at CD,
and O, », the same quantities at E
atmospheric pressure, or pressure on the frec surface AB. en
since there is no loss of
energy, except the small
frictional resistance of the
sarface of the mouthpiece,
h+9s/G=v*/20+9/G
. -_'l'/zl‘f’ﬁl/c-
If the jet discha: into

PRI S

or, if a cocfficicnt is intre.
duced to allow for friction,
Ld n=co v (228); .
where ¢, is aboyt 0.97 if
the mouthpiece is smooth

= (= QV (2¢R),
T — eoce the dilchz‘rge de-
/‘% pends on the area of the

latter may be made as

small as we please without

"There is, however, a limit to this, As the velocity at CD is greater
than at EF the urc is less, and thercfore less than atmospheric
disen, itself from the

n:outgap;‘:c’e for some value

S _and well formed.
stream at EF, and not at
r" # all on that at CD, and the
. affecting the amount of
Frc. éo. water d?scha ed.
pressure, if the discharge is into the air. If CD is so contracted that
¢ =0, the coatinuity of flow is impossib! In fact the strcam
orggre.\tenhnn o (fig. 61).
rom the equations,
PIC = /G~ (2 ~vt)/2g.
Let Q/w=m.
/G = pulG— i1}
- —rd(mi—1)/2
» -g-IG—(-’—I)l; y
* whence we find that p/G
will becbme zero or nega.
- tive if

Qs BV [(k+/C)/A
-\Illl+P-k"l:l '

or, putting p./G =34 ft., if
. nlui\ll(h+31|)‘£h|.

In practice there will be an interruption of the'{ull bore flow with
& less ratio of 0/w, becavse of the disengagement of dir {rom the water.
But, supposing this dees not o¢cur, the maximum discharge of a
mouthpiece of this I:imlQ is il tkl+ ol

- 2] H
that is, the discBarge is the same as for a well-belimouthed mouth-
picce of area w, and without the expanding part, discharging into
& vacuum.

§ 52. Jot Pump.—A divergent mouthpiece may be arranged to act
83 2 purp, as shown in fig. 62. The water which supplies the cnergy

Fic. 61,

i £ being as usual the R

\ Supro-e the lock chamber, which has a water surface of Q@
ft.. is em

at B. The streams combine at DD where the velocity is greatest
and the pressure least. Beyond DD the stream enlarges in section,

F16. 62.

pressure increases, till it is sufficient to balance the head due
to the beight of the lift, and the water flows away by the discharge

and its

ipe C. .
F16. 63 shows the whole

gement in a diag atic way.
A is the rescrvoir which supplies the water that effects the pumping;

e m—-

B e

Fic. 63.

B is the reservoir of water to be pumped; C is the reservoir into
which the water is pumped.

DiscHARGE WiTH VARYING HEAD

¥ 83. Flow from a Vessel when the Effective Head varies with the
Time.—Various useful problems arise relating to the time of empty-
ing and flling vessels, reservoirs, lock chambers, &c,. where the flow
is dependent on & head which increases or diminishes during the
operation. The simplest of thesc problems is the case of filling or
cmptying a vessel of constant horizontal section.
ime of Emplying or Filling 6 VerSical-sided Lotk Chawber.~—
uare
ptied :hmuﬁh a sluice in the tail gates, of aroa w, placed
below the tail-water level. Then the eflective head producing flow
through the sluice is the difference of level in the chamber and tail
bay. Let H (fig. 64) be the initial difference of level, & the differcnce

FiG, 64. .

of level after £ seconds, Let —dh be the fall of level in the chamber
during an interval d2. Then in the time dt the volume in the chamber
is altered by the amount —fidh, and the outflow from the sluice in
the samc time is cwy (2gh)d?. Yence the dificrential equation con-

necting b and 2 js
cuv (2gh)di+Qk =0,
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For the time 4, during which the initial head H-diminixbes to a
other value &, e o i

] (]
—19/(cov 2p)) f aa- f 4

~4=20(y H=VA)/lcwv (22))
=(0/ce)l¥ (2H/g) = ¥ (2h/¢))-
For the whole time of emptying, during which & diminishes from

to o,
T = (Q/cw)¥ (aH/p).
Comparing this with the equation for flow under a constant head,
it will be seen that the time is double that required for the discharge
of an equa! volume under a constant head.

The time of ﬁﬂn? the lock through @ slusce in the head gates 18
exactly the same, if the sluice is below the tail-water level.  But if
the aluice is above the tail-water level, then the head is constant
till the level of the sluice is reached, and afterwards it dimlnishes
with the time.

PracricaL Use or ORIFICES IN GAUGING WATER

§ 4. If the water to be measured is passed through a known orifice
under an arrangement by which the constancy of is ensured,
the amount which passes in a given time can be ascertained by the
formulae already given. It will obviously be best to make the
orifices of the forms for which the cients are most accurately
detmmm;hencelhupﬁdged i of notches are most com-

monly N

Water Inch.—For ing small ities of water circular
sharp-edged orifices have been used.- The discharge from a circular
orifice ane French inch in diameter, with a head of one line above the
top edge, was termed by the older hydraulic writers a water-inch.
A common estimate of its value was 14 pints gcr minute, of 677
English cub. {t. in 24 hours. An exgerimen& y C. Bossut gave
g}:‘ cub. ft. )iu 24 bours (see Navier's edition of Belidor's Arch.

r., p. 212).

L. J' eisbach points out tnat meastrements of this kind would be
made more accurately with a greater head over the arifice, and he
mth&tthehuduhouldbe«}u&lwmdumemo(theonﬁu.

ral equal orifices may be used for larger di es. .

Pin Ferrules or Measuring Cocks.~To give a tolerably definite
:;Yzly of water to houses, without the expensc of a meter, a ferrule

ith an orifice of & definite sise, or a cock, i introduced in the

I the bead in the water main is constant, then a

definite quantity of water would he delivered in a given time.
arrangement s not a very satisfactory one, and acts chicfly as a
check on extravagant use of water. It is interesting here chiefly as
aq example of regulation of discharge by means of an orifice. FIE- 6.?
cock o

shows a
b this kind used at
— -
L 2 &5
el 7o)
A Tt

Zurich. It conaists
of three cocks, the
middle one having
the orifice 'm:cll the
peedeterm size
1n a small circular
plate, protected by
wire gauze from
£ stoppage by im-
a purities _in  the
water. The cock
on the right hand
) can be.used by the
consumer for emptying the pi The one on the left and the
measuring cock are connect: g;“n key which can be locked by a
padlock, which is under the control of the water company.
§ 58, Measurement of the Flow in Streams.—To determine the

quantity of water flowing off the ground in small streams, which is
available for water supply- or for obtaining water power, small
tempo! weirs are often used. These may be formed of planks
supported by piles and puddled to prevent The measure-

ment of the head may be made by a thin-ed scale at a short
distance behind the weir, where the water surface has not ntw
slope down to the weir and where the velocity of approach is not
higg: The measurements are convenien:ldr made from a short pile
dniven into the bed of the river, acourately level with the crest of
the weir (fig. 66). Then if at any moment the head is b, the dis-
charge is, for a rectangular notch of breadth ,
Q= debiv gk

whese c=0-62; or, better, the formula in § 42 may be used.

Gauging weirs are most commonly in the form of rectangular
notches; and care should be taken that the crest is accurately
horizontal, and that the weir is normal to the direction of flow of
the stream. I the planks are thick, they should be bevelled (fig. 67),
and then the edge may be protected gy a metal plate about yyth
in. thick to secure the requisite accuracy of form and sharpness of
edge. In permanent gauging weirs, a cast steel plate is sometimes
used to form the edge of the weir crest. The weir should be large
enough to discharge the maxImum volume Rowing in the stream,
and at the same time it Is desirable that the minimum head should
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not be 100 small (say ball a faot) %0 decrease the effects of errors of
ment. Tt of the jet over the weir should not exceed

one-Ath the section of the stream behind the weir, or the velocit

of approach will need to be taken into account. A triasgular nat.|

is ver{ ua;uble for measurements of this kind.

. If the flow is variable, the head & must be recorded at equidistant

intervals of time, say twice daily, and then for each 52-hour period

Scale Wetr

-A '

Fi6. 66,

the discharge must be caleulated for the mean of the heads at
beginning and end of the time. As this involves a good deal o
troublesome calculation, E.Sang gro}xxcd 0 use a scale so graduated
as to read off the discharge in cubic feet per second. The lengths of
the rnnm I graduations of such a scale are casily calculated by
putting Q=1,2,3 . . . In the ordinary formulae for notches;
the intermediate uations may be taken accurately enough by
subdividing equally the distances veen the principal graduations.

The accurate measurernent of the discharge of a stream by means
of a weir is, however, in practice, rather more difficult than might
be inferred from

the  simphe of R =
the principle ol the e
operation. Apart

from the difficulty
of sclerting & suit-
cosfacient of

tf e ‘orm of the
weii nad the nature

of il'.1| coeat :jr:dpm‘ .
i °n t0,
?‘11..‘ dilticulties of Fic. 67.

measurement arise. The length of the
weir should be very accurately deter-
mined, and if the weir is rectan

its deviations from exactness of 1
should be tested. Then the agitation
of the water, the ripple on its surface,
and the adhesion of the water to the
scale on which the head is measured,
are liable to introduce errors. Upoa a
weir 10 ft. long, with 1 ft. depth of
water flowing over, an error of 1.1000th
of a foot in meuurinf the head, or an
error of 1-100th of a foot in medsuring
the length of the weir, would cause an
error in computing the d&i ‘of
2 cub. {t. per minute.

Hook Gouge~For the determination
of the surface level of water, the most
accurate instrument is k gauge
used first by U. den of Bostoo, in
1840. It consists of a fixed frame with
scale and In the instrument
in fig. 68 vernier is fixed to the
frame, and the scale slides vertically.
The scale carries at its Jower end a hook
with a fine point, and the scale can be
raised or lowered by a fine pitched
screw, 1f the hook is de below 3
the water surface and then raised by the screw, the moment of its
reaching the water surface will be distinetly mar by the
reflection from a smalil capillary elevation of the water su over
the point of the hook. In ordinary light, differences of level of the
water of -001 of a foot are easily detected by the hook gauge. H such
& gauge is used to determine the heads at @ wir, the hook shouid

AL
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Birst be set accurately level with the weir crest, and a reading taken.
Then the difference of the reading at the water surface and that
for the weir crest will be the head at the weir,

86, Modwles used im Irrigation.—In distributing water for
irrigation, the charge for the water may be simply assessed on the
area of the land irrigated for each consumer, a2 method followed in
India; or a mthted quantity of water may be given to ecach
consumer, and the charge may be made proportional to the quantity
of water supplied, a method employed for a long time in Italy and
other parts of Europe. To deliver a regulated quantity of water

F16. 69.
from the irrigation channel 1 madul

are used.

ded to

These are constructions i intain a orapp
mately constant head above an orifice of fixed size, or to regulate
the size of the orifice %0 as to give a constant discharge, notwith-
stapding the variation of level in the irrigating channel.

§ 57. lalian Module.—The Italian ules are masonry construc-
tions, isting of a regulating chamber, to which water is admitted
an adjustable sluice from the canal. At the other end of the

mber is an orifice in a thin flagstone of size. means
of the adjustable sluice a tolerably con'stant head above the fixed
orifice is maintained, and therefore there is a_nearly constant dis.
charge of ascertainable amount through the orifice, into the channe}
leading to the ficlds which are to be irrigated. .
* In fig, 69, A is the adjustable sluice by which water is admitted
to the lating chamber, B is the ﬁx«{ orifice through which the
water is discharged. The sluice A is adjusted from time to time by

the canal officers, s0 as to bring the ievel of the water in the regulating
the chamber. Whean

ber to a fix marked oo the wall of X

HYDRAULICS
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time to time. It has further the ad age that the culti , by
observing the level of the water in the chamber, can slways see
whether or not he is receiving the proper quantity of water,

On cach canal the orifices are of the same height. and intended to
work with the same normal head, the width of the orifices being
varied 10 suit the demand for water. Tbe unit of discharge varies on
different canals, being fixed in each case by legal arrangements.
TRus on the Canal Lodi the unit of discharge or one module of water
is_ the discharge through an orifice 1-12 {t. high, 0-12416 ft. wide,
with a head of 0-32 ft. above the top edge of the orifice. or -88 [t.
above the centre. This ponds to a discharge of about 0-616§
cub. ft. per second. .

In the most elaborat~ Italian modules the regulating chamber is
arched over, and its dimensions are very exactly prescribed. Thus
in the modules of the Naviglio Grande of Milan, shown in fig. 70,
the measuring orifice is cut i a thin stone slab, and so placed that
the di is into the air with free contraction on all sides, The

Seonmmscacn- }._.. —

’m
=
o
~
=

adjusting sluice is placed with its sill fush with the bottom of the
canal, and is provided with & rack and lever and locking arran;
ment. The covered regulating chamber is about 20 ft. long, witk
a breadth 1:64 [t. greater than that of the dllchzrﬁ'ng orifice. At
precisely the normal level of the water in the regulating ehamber,
there is a ceiling of planks intended to still the agitation of the
water. A block of stone serves to indioste the normal level of
the water in the chamber, The water is discharged into an open
channel 0:653 fr. wider than the orifice, splaying out till it is 1637
ft. wider than the orifice, and about 18 t, in length.

§ 88. Spanish Module—On the canal of Jeabella I1., which ies
water to Madrid, a module much more perfect in principle than the
Italian module is employed.  Past of the water is supplied for irriga-

tion, and as it is very valuable its

-—;pw strict measyrement is essential, 'The

= "‘ﬁ[ module (fig. 72) - consists of two

T . chambers one above the other, thé
r“F"‘"""—"" == upper chamber being in free communi-
o /- kencyn cation with the irrigation canal, an

4 Ae

ber di

@ be the area of the
ice at A, and ws that of the
M be the difference of leve)
between the surface of the water in the canal and
regulating chamber ; &, the head above the centre of
the discharging orifice, when the sluice has beea
adjusted and the flow has become steady;
normal discharge in cubic feet per second. Then,
since the flow through the orifices at A and B is the same,

Q=crnv (2ghi) = cxan¥ (2gha),
where ¢, and ¢y are the coefficients of discharge suitable for the two
ori Hence

cnfoymr = (hafhy).

If tbe orifice at B opened directiy into the canal without any
i di ulating chamber, the diu:harﬁe would increase for
a given change of level i the canal in exactly the same ratio. Conse-
uently the [talian module in no way moderates the fluctuations of
i except 30 far as it aflords means of easy adjustment from

s P s

the lower cham

— L=
ng
arc)

| culvert to the fields. In t
€] roof the chambers there is a
circular sh ged orifice in a bronze

ronze plug of varfable diamcter sus-
pended from a hollow brass float. If
the water level in the canal lowers, the
plug descends and gives an enla;
ovpening. and conversely. Thus a per-
fectly constant discharge with a vary.
ing I{nd can be obtained, provided no
clogging or silting of the chambers pre-
vents the free discharge of the water
or the rise and. fali of the float. The theory of the module is very
simple. Let R (fig. 71) be the radius of the fixed opening, ¢ the
radius of the plug at a distance h from the plane of flotation of the
float, and Q the required discharge of the module. Then

Q=cx(R—rt)y (2gh).
Taking c=0-63, -

Qui15-88(R* =)V k:
r=.{R*—~Q/15-88V k).
Choosing a value for R, successive values of r can be found for
different values of k, and from these the curve of the plug can be
drawn. "The module shown in 6g. 72 will discharge x cubic metre per
second. “The fixed opening is 0:2 metre diameter, and the greatest
head above the fuueéx orifice is 1 metre. The use of this module
involves a great sacrifice of lcvel between the canai and the fields.
The module is described in Sir C. Scott-Moncriefi's Irrigation in
Southern Europe. .
§ 59. Reservoir Gauging Basins.—In obtalnlng the
the water of streams in rescrvoirs, it is usual to co.

9 Blate. Hanging In this there is a

7

I'(O!t?l’!
e to riparian
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awners below the ruuvotn a right to a regulaud lupply throu‘gh-
out the year. ‘wat
such a way that the millowners and others mterested in the mau.er
can assure themselves that they are receiving a proper quantity, and
they an generally allowed a ‘certain amount’ of control as to the
times during wi the daily supply is discharged into the stream.

=

L-g.d'

designed for the Manch
he water enters from the reservoir a chamber A, thJe object

water

Fig. 7*|hows an ar
works.
of which is to still the irregular motion of the water. The
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flows over this, without entering it, on a floor of cast-iron_plates

If the discharge is to be tested, the water is turned for a definite tims
into the gauging basin, by suddenl ly mng and clmmg a sluice at ¢,
The volume of low can be ascertai rom the depth in the gauging

chamber. A mechanical ammnt (ﬁc 73) -ru dwgned for
securing an absolutely constant heorifices at ¢, . The
arifices were formed 1a a cast-iron plate upable of sliding up and

Ay :

"/,/;4//’ ///’ Yy

0 7/,4/ 7 G

,/// /////‘/ //'{//// ,(//,‘l/ /,{ l/ /"
,./.I, iyl

T T
Sl e L
; z/"/,’// iz

(73 /,

i 8,

F16.'73.

dom,mwwniblem.ouﬂwlmdthenﬂdmm
The orifice plate was a by a lirk to a lever, one end of which
rested on the wall and the other on floats f in the chamber A. The
floats rose and fell with the changes of level in the chamber, and
raised and lowered the orifice: plate at the same time.

PZ //
T
,«,/’1’1”//.

F16. 74. .

mechanical arrangement was not finally adopted, carelul hi
of the sluices at 5, 8, b, being sufficient to secure a regular discharge.

is regufated by sluices at b, b, . The water is dhcha:fed by onﬁcu
or notche: at s, a, over which'a hea
adjusting the sluices at b, 0,8 At any time the millowners can
whether the discharge is given and whether the proper head i
mamtamed over the ori To test at any time the discharge of
the orifices, a gauging basin B is provided. The water ordinarily

e arra is then eq to an Italian module, but on 8
farge scale.

60. Professor l’lambi:j Jenkin's Constant Flow Valve. —ln the
modules thus far described constant discharge is obtained by vary-
ing the area of the orifice through which the water flows. Professor
F. Jenkin has contrived a valve in which a constant pressure
is obtained, 3o that the orifice need not be varied (Roy. Scok Sociely




56

Aris, 1876), Fig. 75 shows a valve of this kind suitable for a
in. water main. The water arriving bry the main C passes through
an equilibrium valve D into the chamber A, and thence through a
sluice O, which can be set for any required area of opening, into the
dinchqir:ﬁﬂmain B. The object of the amment is to secure a
erence of pressure between the bers A and B, so
that a constant rge Bows through the stop valve O.
equilibrium vaive D is rigidly connected with a plunger P loosely
fitted in a diaphragm, separating A from a chamber B, connected
a pipe B; with the dischargnz main B. Any increcse of the differ-
ence of pressure in A and B will drive the plunger up and cloze the

&

Fi6. 78.

equilibrium valve, and conversely a decrease of the difference of
re will cause the descent of the plunger and open the equilibrium
valve wider. Thus a constant difference of pressure is ined in
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ICOMPRESSIBLE FLUIDS
Case 1.~So much heat is supplied to the alr duri 5
that the ins ¢ ypcrbolicu:xg:;g:.mon
Then po=pin.

Work done during expansion per pound of air
, = [pdo= pinf Tilo
=pm logen/sy = pmloge pr/fr. (1)

Since the weight per cubic foot is the reciprocal of the volume per
pound, this may be written
(10)

(#/Gy) loge GrfGa.
Then the expansion curve ad is a common h . .

Case 2.—No heat is u:‘pglied to the air during expansion. Then
tl;nleda‘i;glm an amourfnt at_eqb:iynlent to the external work done
a temperature falls. Adiabatic expansion.

In this am caa be shown that -

Y=Y,

where v is the ratio of the: heats of air at constant pressure
and volume. Its value for air is 1-408, and {or dry stcam 1-135.

Work done during expansion per pound of air.
L) )
e

= ~[pwr/(y=1))(x /o4 =1 /o -1}

={pon/ (=110l =1/}

=ipe/ly=)jl1—(omP 4. (2)
The value of pm for any given temperature can be found from the
data already give: -

n, R
As before, substituting the weights Gy, Gy per cubic foot for the
volumes per pound, we get for the work of expansion

PGz [y =1)] (1 = (G/Gr) ), (2a)

=1/ (r~1)] {1 = (u/p)Of). @b

§ 62. Modification of the Theorem of Bermoulli for the Case of a

Compressible Fluid.—In the application of the prinm"jgle of work to a

filament of compressible fluid, the internal work done by the ex-
nsion of the fluid, or absorbed

in_its compression, must be A

taken into Supp

as before, that AB (fg. 77)

comes to A’B’ in a short time {.

4’

B B

the chambers A and B. Lef the plunger in square
feet, p the difference of pr in the Aand B in pound

per square foot, w the weight of the plmer and valve. Then if at
any P ds w the pl il sise, and if it is less than
w the gunztr will descend. Apart from friction, and assuming the
valve D to be strictly an equilibrium valve, since w and w are

tel’gethel{u

Ty

# must t also, and equal to w/w.’ By making w
small and « large, the difference of pressure required to ensure the
wotkms&f the apparatus may be made very small. Valves work'er?
with a dilference of pressure of § in. of water have beed constructed.,

V1. STEADY FLOW OF COMPRESSIBLE FLUIDS.

§ 61. External Work during the Expansion of Air—Ii air expands
without doing any external work, its temperature remains constant.
. is result was first
experimentally _ demon-
strated by J. P. Joule,
It leads to the conclu-
sion that, however air
changes its state, the in-
ternal work done is pro-
portional to the change
of temperature, When,
in expanding, air does
work against an cxternal
resistance, e¢ither heat
must be supplied or the
temperature falls.

To fix tl;; c?nd'mom.
suppose 1 Ib of air con.
fined behind a piston of
1 sq. {t. area (fig. 76).
Let the initial pressure
be pr and the volume of
the air o1, and suppose
this to expand to the

ressure $ and valume
ure and volume at any

F10. 76.

wm. If p and v are the corresponding
intermediate point in the expansion, the work done on the piston
during the expansion from » to »-4-dv is pdo, and the whole work
during the expansion from w to v, represented by the area abed, is
"
0t
Amongst possible cases 1wo may be selected.

Let 1, wi, ?, G, be the pres-
uu;e. i i 1 IT ?,'{ nrul;n, F
velocity and weight of a_cubic 16. 77.

foot ntyA. and 1, wa, o, Gy the ) 7 .
same quantities at B. Then, {from the steadiness of motion, the
weight of fluid gﬂdn( A in any givea time must be equal to the

weight passing
s of e sectome A and B abo
, % be the heights of the eections A an above any given
d[f:ug. .'l‘hcn the!vlvgbrk of gravity on the mass AB in ¢ neg’o::h is
Guontif(21~— 2) = W(s1 ~m)1,

here W is the weight of ing A or B second.  As in
Hneﬂ;n of an ‘mm’m"u?ﬂuﬁ.'m ~|vor(i':‘r of t.K:f pressures on the
ends of the mass AB is
{ = Pyorel,
-'-"Gf'/c.-»fc,)w;.

The work done by expansion of Wt b of fluid between A and B is
Wif%pdo. The change of kinetic energy as before is (W/2g) (s ~ "),
Hence, equating work to change of kinetic energy,
Wit =0+ (/G puICoIWi-+- Wi f Fipdom (W/ag) (o —o;
&k piG gt P Gt~ gl (1)
Now the work of expansion per pound-of fluid has already been
given. If the temperature is constant, we get (eq. 13, § 61)

£4+p /G128 = +£2/Cr-+of2g = (P1/G1) loge (Gi/Ga).
But at constant temperature $,/G, = p2/Gs;

& ntol/2g wmdo2 /28— (PG) loge (/) @)
or, neglecting the difference of level,
(w2 ~—nt)/2g= ($,/G1) loge (3r/ph). (20)
Similarly, if the expansion is adiabatic (eq. 30, § 61),
n+hICu+n‘I=:--+NG-+°H::-(MGE)’I 1/ vj’:)))”"m o

ot neglecting the difference of level

(02 = o)/ 2g = (PUG1 4+1/Cy ~1){1 = (/YD - p/Gs.  (30)
It will be seen hereafter that there is a limis ia the ratio pu/ps beyond
which these expressions cease to be true: )

§ 63. Discharge of Asr from am Orsfice..—The form of the auasion
of work for a y swream of compressible fuid is

2 - -

3+91/Gr 0 fag ma+ pr/Grdatfag— (PG (y lpl (ip)TDh,
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PG = /G todag— (/G /(y = 1)) (1 —(pu/p) T~ D/7;
%13g = p/Gr = pr/Ga+ (UG 1 (r — 1)} [x = (pu/pn) T~ M
-WGQITI(T-I)—CNM"""/("’—I)I /G-
Bet PIGT=hGY O G (hlGn)O{h)‘,',:‘"’ r ;
sffag=(p/Cr)v/(v=1)} (1 ~ Vit G
lr‘r'lzz- 7K?r:l)| (NG:W Gl
185;? !hon; it appenny to have t:;nL {'enw;rlm (Cﬂ‘?‘.w’
Saint Venant and L. Wantzel. &
hhualrudy (§ 9, eg. 43) been seen that
=(p/Ge)(ni/ra)
where for air 4 =2116-8, Go = 08075 and 7y =492-6
Wiz =ipnriGn(y—} 1=/~ @)
or, inserting numerical values,
o¥/2g = 183-6nf1 — (Pu/p)*®}; (20)
he nd
St oy o b s b g
udl.bempum‘t lv_:alm'kh “Mzthmdth
orifice 3 fmc: s dmﬂwt:e volume of air dis-

per second ‘at the p "
=Cumy=ce I(z:w 1-:)6. ¥ = (Pl )=/
O A= 0 ns-u ®
If the wol diach d is the » and
absolute umur: 7 in the vessel (mm vhldx the air let
Q he that thea M'*-
PO =P

Qi =(p/p)
Q=cuv [lrnh/(v-!)Gul IW:),’% = (/P )L,

Let (P T —(pu/pn )T~ Y w (o )% — (pof 1y )T = then
-, 2] -1
i
The weight of air at p 1 and temp nis
Ga= p/53-27, I per cubic foot.
Hence the weight of air discharged is
WeG0i=rw 4 ltnp.(‘mﬁl(v =1)]
=2-033¢cups ¥ s

wmmmrmwmduum:du
charge ¢:—
Comoidal mouthpieces of the | farm of the

ted vein with eF e p - em
of-33to1-1atmosphere . . . 097 to0-99
Ci sharp-edged orifices . . . 0563 ,, 0-788
Shont s s | 1 L oOn ok
The same munded at the inner end . o9z . 093
Conical converging mouthpieces . . 090 099

L-ublbdpﬂxama the above Formulae —In the
o d that t ﬂmdnnnnﬂlmmlbeon&e
d bvn P to the-p v
lhew,!tolhe section of the jet considered in estimating the area
w. Hence gy-is strictly the pressure in tbe jet at the plane of the
external In lhe?:o(n:uthp;:a.orn (l;_u lane o:‘;hen

section in the case of sim recen
was identical with the
per farst discovered

nsion
vntothu:enalmm.no( at the
ﬁuumdtullnphneo(tbe antrh‘
is greater than btebe ¢;l sternal presa hew' what
to the same thing, the section of the jet w! the ex is com-
pl:(edunmmvhmhs‘mwthnthamcaol he contracted
mnondthe;a.-ndmayhemerzhantheam-d(heor-ﬁce
Napier iments with steam which showed that, 30 lo: a
hereal preemree, bt thae, ¥ o <05, e the
general ext mre. ut that, 't <08, t! the
w-wen lheconmttad i I{’e
pressure and equal t P Hencemsuchcasutheconsunt value
o-sdwuldbzmbsutuuj in the formulae for the ratio of the internat
and external pressures pu/p,.

HYDRAULICS s7

it is casily from Welshueh's theory that, if F&nn
e:tanﬂtonor&n.-nduﬂydnn;nhd the weight of air dis-
per hﬂunatonmximunhrnnlndthnuo
Plp=l2/(v 1)1V
=0-527 for air -
=0-58 for dry steam.
external pressure the diminishes,

—a
lot diﬂerinlmn the

AF F:ﬁawwmn. 1873) that fo ai -

E‘ of the

of flow, as Na

bends 30 sharply !r

a imation 10 the true law. The

pﬂh. for which Weisbach's formula, as origi understood, ceases
ly, is for air 0-5767: lnd!hnutheuumbuwbzmmud

for 2 in the (orn when $y/p, falls below that value. For later

researches on the Aow of air, to G. A. Zeuner's

p;,;:;' (Civilsngewiewr, 1871), and s papers (ibid., 1877,

mmybe

VII. FRICTION OF LIQUIDS.

It would ap,

that at all speeds, exﬁt . rotating eddies are b
the roughness of the solid wrfwe, or by abln'u‘pt changes of velam.g
d istributed lhc ﬂuld and the oS expended in p{;
these n overcomi
' 17 rerio 2 distant from that Where

vuco-tydthzﬂmdmrqmmona‘le-
they are first uced.
laws ﬂudlnctmm‘emny-w thus:—"
1. _The frictional resistance is independent of the pressure betwees
the ﬂuld and the solid against vhnchatﬂon Thw may be verified
direct C. H. C for oscil-

by a
Ined a disk under water, first with atmospberic pressute ac! on
the water surface, afterwards nuth:atmwhem:puum m:algmn.
No difference in the rate of decrease of the ascillations was observed.
The chiel that the friction is indep of the :
that no difference of resistance has been observed in
and in otlfer cases, vbuenwﬂunovsnohdwrhwunder'ddy
dlﬂemnt pressures.
2. The frictional of large surf. tional to the
area of the surface.
3. At low velocities of not more than 1 in. per second for water,
the lnctlonal resistance increases directly as the relative velocity of
the fluid and the surface against which it flows. At veloaua ol
§ ft. per second and greater velocities, the f{rictional resistance is
more nearly proportional to the square of the relative vdomy
In many treatises on hydraulics it is stated that frictional
resistance is independent of the nature of the solid M The
explanation of this was to be that a film of lund | remained
at:ached lo the solnd race, the ube d between
this fluid Tayer and la:{:b move distant from surface. At ex-
‘tremely low velocities t nohd surface does not seem to have much
influence on the friction. In Coulomb's experiments a metal surface
covered with tallow, and ted in water, had exactly the same
resistance as a clean ‘metal surface, and when sand was scattered over
the tallow the resistance was only very slightly increased. The
eartier calculations of the resistance of water at higher velocities In
pipes and earthen channels seemed to give a similar
result  These, however, were erroneous, and it i$ now well understood
that differences of mu‘hnss of the solid surface very greatly Inﬂu-
ence the lncnon at such velocities as are common in engineeri
practice. P. G. Darcy’s experiments, for instance, showed lhl
in old and mcmsted water mains the resistance was twice or some-
times thrice as gru( as in new and clean mains.
§ 66. Ordincry Expressioms for Rn‘ Friction &t deun: ul
Frm‘:ely > }zt {iberl( welocity of 1 fi mond
nas uare [oot suriace It a 2R,
gofhe ar:r:lq:he surface in square feet: ndyn its veloci Lerd in feet
per second relatively to the water in which it is imm Then,
nce with the laws stated above, the total resistance of the

wrf:ceu
R =fu* (1
ihg:t}kaqmﬁtywuﬁmnlymmhnydmm

is prop:

-3
i iag, (2)
where § is, like f, nearly constant for 3 given surface, and is termed
the cue(ﬁcuem "riction.
The lollowing are average values of the coefficient of friction for
water, obtamefglrom npenmems on large plane surfaces, moved in
an mdeﬁm!dy large mass of water.



: Frictional
m’x Resistance-in
'] 1b per sq. {t.
¢ i
New well-painted iron plate . . . -00489 00473
Painted .5'3’ planed pla:lﬂk (Beaufoy) *003, 00339
Surface of iren ships (Rankine) . . »0032: 00351
Varnished surface (Froude) . . , -00258 ~00250
Fine sand surface " « .. 00418 -:::gg
Coarser sand surface ,, . . . -00503 .

The distance through which the frictional is over
is o ft. per second. e work expended in fluid friction is therefore

given by the equation—
Work ded = fuo* foot-pounds per second 3).
=tGur?/2g "

The coefficient of [riction and the friction per square foot of
surface can be indirectly obtained from observations of the discharge
of pipes and canals. In obtaining them, h , some i
as to the motion of the water must be made, and it wili be better
therelore to discuss these es ia connexion with the cases to
which they are rek L - B

Many attempts have been made to express the coefficient of
friction i 'a form applicable to low as well as high velacities. The
older hydraulic writers considered the
resistance termed fluid friction to be ’
made wp of two parts,—a part due
ditectly to the distortion of the mass of
water and proportional to the velocity
of the water reiatively to the solid sur-

(El=s’
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the resistance measured, For two planks differing in area by 46 q.
ft., at & velocity of 10 ft. per second, the difference of resistance,
measured on the difference of area, was 0-339 lbtger square foot.
Also the resistanoe varied as the 1-949th power of the velocity. A

§-68. Frowde's Experiments.—~The most important direct cxperi-
ments on fAuid friction at ordinary 'velocities are those made by
William Froude (1810-1879) at Torquay, The method adopted in
these experiments was to tow a in a still water canal, the
velocity and the resistance being registered by ver{i ingenious re-
cording g g l-arrang of the ap us.1$
shown in fig. ?. AA is the board the resigtance of which is to be
determined. is a cut.water giving a fine entrance to the plane
surfaces of the board. CCisa bar to which the board AA is attached,
and which is suspended by a paralle! motion from a carriage running
on rails above the still water canal. G is a link by which the res
sistance of the board is transmitted to a spiral spring H, A bar 1
rigidly connects the other end of the:rﬁu to the carriage. The
dotted lines K, L indicate the position of 2 couple of levers by which
the extension of the spring is caused to raove a pen M, which records
the extension on a greatly increased scale, by a Kine drawn on the
paper cylinder N. This cylinder revolves at 2 s roportionate
to that of the carriage, its motion being obtained (rom the axle of the
carriage wheels, A second pen O, receiving jerks at every second
and a quarter {rom a clock P, records time on' the paper cylinder.
The scale for the line of resistance is ascertamed by stretching the
spiral spring by known weighta. The boards used for the experiment

M .

face, and another part due to kinetic
energy imparted to the water strikin,
the roughnesses of the solid surface an
proportional to the square of the
velocity. Hence they proposed to take

tmatpio
in which expression the second term .is

of greatest importance at very low
velocities, and of comparatively litile B8
importance at velocities over about § ft.
per second. Values of £ expressed in this
and similar forms will be gliven,Jn con-
nexion with pipes and canals,

Ali these exp must at p -
be regarded as merely empirical ex-: -
pressxonsnrvmfpra_cncalpu ——————— ——— e — — e e e e e - L e - .- -
The frictional resistance will be seen- Fic. 79:
to vary through wider limits than these o K .
expressions allow, and to depend on circumstances of which they do | were J" . thick, 19 in. deep, and from 1 to 50 {t. in length, catwates
not take account, included. A lead keel counteracted the buoyancy of the board.

. C s Experiments.—~The first direct experiments on
“fluid friction were made by Coulomb. who employed a circular disk
suspended by a thin brass wire and oscillated in its own plane. His
experiments were chiefly made at very low velocities. When the
disk is rotated to any given angle, it oscillates under the action of its
inertia_and the torsion of the wire. The oscillations diminish
gradualjy in consequence of the work done in overcoming the [riction
¢‘>f_ the disk. The diminution furnishes a means of determining the
riction.
Fig. 78 shows Coulomb's apparatus. LK supports the wire and
disk; ag is the brass wire, the torsion of which causes the oscilla.
. . tions; DS is a graduated
disk serving to measure
the angles tﬁmugh which
the apparatus oscillates.
To this the friction disk
is rigidly attached hang-
ing in a vessel of water.
e friction disks were
from 4-7 to 7+7 in. dia-
raeter, and they gener-
ally made one oscillation
in from 20 to 30 seconds,
through angles varying
from 360° to 6°, hen
the velocity of the cir-
cumlerence of the disk
was less than 6 in. per
second, the . resistance
was sensibly  propor-
. tional to the velocity.
iments,—Towards the cnd of the 18th century
Colone ark Beaufoy (1764-1827) made an Immense mass of
ewcriments on the resistance bodies moved through water
(Nowsical and Hydraulic Experiments, London, 1834). OF these the
only ones directly bearing on surface friction were some made in 1796
nn! 1798. Smooth painted planks were drawn through water and

I3 .9

Bmu{pi;: ,Exi

ed
The boards were covered with various substances, such as_paint,
varnish, Hay's composition, tinfoil, &c., so as to try the effect of
different: degrees of roughness of surface. The results obtained by
Froude may be summarized as follows:—

1. The friction per squafe foot of surface varies very greatly for
different surfaces, being generally greater as the sensible roughness
of the surface is greater. us, when the surface of the board was
covered as mentioned below, the resistance for bodrds So ft. long,
at 10 ft. per second, was—

Tinfoil or varnish .. . 0-25 B per oq. ft.

Galico . . . . % . 1 o w w
Finesand . . . . . . 0408 ., .,
sand « e e+ . . 0488 - "

2. The power of the velocity to which the friction is proportional
varies for different surfaces. us, with short boards 2 ft. long,
’ For tinfoil the resistance varied as v#-16,
For other surfaces the resistance varied as %,
With boards o ft. long,
For varnish or tinfoil the resistance varied as g8,
For sand the resistance varied as 9%, '
3. The average resistance per square foot of surface was much
greater for short than for long boards: or. what is the same thing,
the resistance per square foot at the forward part of the boards was
q_r:ater than the friction per square foot of portions more sternward,
us,

Mean Resistamée m

' ] .t
Varuished surface . 2 ft. long g:lsq
" 02
Fine sand surface . '. 2 o-a§
s . 0:408

This remarkable result is explained thus by Froude: * The
portion of surface that gocs first in the line of motion, in experiencing
resistance from the water, must in turn communicate motion to the
water, in the direction in which it is itself travelling. Consequently



STEADY FLOW IN PIPES]

the portion of surface which succeeds the first will be rubbing, not
against-stationary water, but against water partially moving in its
own direction, and cannot therefore experience so much resistance

from it,

§ 69. The following table gives a general statement of Froude's
resulta. In all the experiments in this table, the boards had a fine
cutwater and a fine stern end or run, so that the resistance was
entirely due to surface. The table gives the resistances per
square foot in pounds, at the standard lpe‘;d of 600 fcét per minute,
and the power of the speed to which the friction is proportional, so
that the resistance at other speeds is easily calculated.
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to any speed N. From these the values of f and x can be

m:;ﬁn

L/ bei_nﬁ the friction per square foot at unit velocity. For
comparison with Froude's sesults it is convenicat to calculate the
resistance at 10 {t. per second, which is F =f10",

The disks were d in chambers 22 in. di and 3, 6 and
12 in. deep. In all cases the friction of the disks increased a little
as the chamber was made larger. This is probably due to the stilli
of the eddies against the surface of the chamber and the f "_,ba::‘ﬁ

of the stilled water to the disk. Hence the friction depends not only
on the surface of the disk but to some extent on the surface of the
chamber in which it rotates, If the surface of the chimbes is made

rougher by covering with coarse sand there is

Length of Surface, or Distance from Cutwater, in feel. y Jemit e Sher striace the friction varied
. as the 1-85th power of the velocity. For the
211 8 ft: 20t so ft. mﬂ'ﬂ" surfaces the power of the'.yvelrdtyﬁet;
wi 14 resistance was rtionat vat
A|B|CclajBlC]AaB[C|A|IB[C g‘omdl_-g to ‘21. This EMMment with
Varnish . 2-00| -41-300]1-85]-325| 264 | 1-85] -278] -240] 1-83 ] 250 -226| TrRuCE sresults. .
Paraffin . .| .. | -38|-370{1-94| 314|260 1-93f 271|237 .1 LT L g mwxg&‘mg‘m bm dl‘:l‘ "'°"‘;}
Tinfoil . . (2361 -301-29511-99|-278{ 263 | 1-90) 26 | -244 183 | -246| 232 | toppnerature. The diminution between 41°
Calico . 193 -87)-725(1-92)-626 | -504 | I-B9 5&‘) "37 1-871 474 | -423| 4ngd 130° F. amounted to 18%. In the general
Fine sand . [2-00| -81|-690|2-00|-583 -4;0 2-00 | +4801 :384 | 2-06| -405 | 337 equation M =cN* for any given disk
Medium sand | 2-00| -90 v7go 2-00 | -625 | -488 | 200 gﬁ -465 | 2:00 | -488 j -456 €0=0-1328(1 ~0-0021),; '
Coarse sand . [2-00[1-10]-880) 200|714 -520|2:00]- 490] . R WREN z_here & is the value of ¢ for a bright b:a;_s
is! i)

Columns A give the power of the speed to which the resistance is

approximately proportional.

olumns B give the mean resistance Ecr square foot of the whole
surface of a board of the lengths stated in the table.

Columns C give the resistance in pounds of a square foot of surface
at the distance sternward {rom the cutwater stated in the heading.

Although these experiments do not directly deal with surfaces of
greater length than 50 {t., they indicate what would be the resistances
of longer surfaces. For at 5o ft. the decrease of resistance for an
increase of length is 50 small that It will make no very great difference
in the estimate of the friction whether we suppose it to continue to
diminish at the same rate or not to diminish at all. For a varmshed
surface the friction at 10 {t. per second diminishes {rom 0-41 to 0-32
b per square foot when the length is increased from 2 to 8 ft., but it
only diminishes from 0278 to 0-250 Ib per square foot for an increase
from 20 {t. to 50 ft.

16 the decrease of friction sternwards is due to the generation of a
current accompanying the maving plane, there is not at first sight
any reason why the decrease should not be greater than that shown
by the experiments. The current accompanying the board might be

d to gain in and velocity sternwards, till the velocity
was nearly the same as that of the moving plane and the friction per
square foot nearly zero. That this does not h. lppen appears to be due
to the mlxing up .0‘ the current with the still water surrounding it.
Part of the water in contact with the board at any point, and receivs
ing energy of motion from it, passes afterwards to distant rcgions of
still water, and portidhs of still water are fed in towards the board
to take its place. In the forward part of the board more kinctic
energy is given to the current than is diffused into surrounding space,
and the current gains in velocity. At a greater distance back there is
an approximate balance between the energy communicated to the
water and that diffused, The velocity of the current accompanying
the board b constant or ncarly t, and the friction per
square foot is therefore nearly constant also. hy

§ 70. Friction of Rotating Disks.—A rotating disk is virtually a
surface of unlimited extent and it is convenient for experiments on
friction with different surfaces at different s;ceds. Experiments
carried out by Professor W. C. Unwin ‘Proc. ast. Civ. Eng. Ixxx.)
are useful both as illustrating the laws of fluid {riction and as givin
data for cakulating the resistance of the disks of turbines ;mg
centrifugal Pumps, Disks of 10, 15 and 20 in. diamcter fixed on a
vertical shaft were rotated by a belt driven I.?,' anenginc. They were
enclosed in a cistern of water between parallel top and bottom fixed
surfaces.. The cistern was suspended by three fine wircs. The friction
of the disk is equal to the tendency of the cistern to rotate, and this
was measared by balancing the cistern by a fine silk cor passing over
[ puIIeY and carrying a scale pan in which weights cou!d be placed.

1f wis an element of area on the disk moving with the velocity o,
the friction on this element is fut®, where f and % are constant for
‘any given kind of surface. Let a be the angular velociiy of rotation,
R the radius of the disk. Consider a ring of the surface between r and
r4dr. Its area is 2#rdr, its veloclty ar the {riction of this nng

is fawrdrasr. ‘The moment of the Iriction about the axis of rotation
ishnd: r+1dr, and the total moment of friction for the two sides of
the disk is

M =4ra™/[Jrtdr mgxa®/(n +3) | /R0
1f N is the number of revolutions per sec.,
M = [2%1r+IN/(n +3)} fR*H,
and the work expended n rotating the disk is

Ma = {2 IN* /(5 + 3)} fR** oot 1 por uc

The experiments give directly the values of M for the disks corre- |

. k 0-83 ft. in di: ata p .

The disks used were either polished or made rougher by varnish
or by varnish and sand. The following table gives a comparison of
the resuits obtained with the disks and Froude's results on planks
so {t. long. The values given are the resistances per square foot at

1o ft. per sec.

Fronde's Experiments. Disk Experiments.
Tinfoil surface . . . 0-232 | Bright brass 0202 to 0-229
Varnish . . . . . 0226} Varnish . . 0-220t00233
Finesand . . . . 0337 | Finesand . . 0339
Medium sand . . 0456 | Verycoarsesand 0°'587 to 0-71§

V(II. STEADY FLOW OF WATER IN PIPES OF
UNIFORM SECTION,

§ 71. The ordinary theory of the flow of water in pipes, on which
all practical formulae are based, assumes that the variation of velocity
at different points of any cross section may be neglected. The
waler is considered as moving in plane layers, which ace driven
througb the pipe against the frictional resistance, by the difference
of pressure at or elevation of the ends of the pipe.” If the motion
is steady the velocity at each cross section remains the same from
moment to moment, and if the cross sectional area is ¢onstant the
velocity at all sections must be the same. Hence the motion is

uniform. The most im nt resistance to the motion of the water
is the surface friction of ‘the pipe, and it is convenient to estimate
this ind dently of some tl which will be ac-

counted lor prgscmP. .

In any portion of a uniform pipe, excluding for the present the
ends of the pipe, the water enters and leaves at the same velocity.
For that portion there-

ore the work of the
external forces and of
the surface friction
must equal. Let
fig. 80 represent a very
short rtion of the
pipe, of length di, be-
tween cross sections at
z and z+ds ft. above
any horizontal datum
line xx, the pressures at
the cross sections being
p and p+dp D per
square foot. Further, F16. 80
let Q be the volume of e

flow or discharge of the pipe per second, @ the area of a normal
cross section, and x the perimeter of the pipe. The Q cubic feet,
which flow through the space consi per second, weigh GQ b,
and fall through a hesght—dz ft. The work done by gravity is then
—GQds:

tive, and vice versa. The resultant
(pdp)=~dp Ib per

this pressure on the

i
- .---_L--..----..-.’j_.-_--.J.Y..

a positive quantity if ds is and
pressure parallel to the axis of the is p—
square foot of the cross section. The of
volume Q is
-Qdp. _
The only remalning force doing work on the system Is the {riction
against the surface of the pipe. The area of that surface is x di.
he work expended il): overcoming the frictional resistance pet
- Gxdivag,

second is (see § 66, eq. 3
or, since Q= 0p, s
=G (x/MQ*/ag)dli



bo

the negative si beinf taken because the work is done against a
resistance. Adding all these portions of work, and equating the
result to zero, since the motion is uniform,—
. =GQds—Qdp — 3G (x/R)Q(v2g)dl =o0.
Dividing by GQ,
. ds+dp/G+H(x/0)(*/2g)dl=o0.
Intcgrating,
3+p/G + 8 (x/2) (v*/2g){ = constant. )

§ 72. Let ‘A and B (fig. 81) be any two sections of the pipe for
*Rich P, 8, § have the values py, &, &, and pu, o, b, respectively.

en

2+21/C+3(x/Q) (28l = i+ pr/G +- S (/N 28)hn:
or, il y~i, =L, rearranging the terms,
$Y/2¢ = (1/L) (81 4-p1/G) — (22 1+ p/G)} 9/ x. ()

Suppose pressure columns introduced at A and B. The water will
rise 1n those columns to the heights §/G and /G due to the

c Horizontat

Y PN AT

Fic, 81,
res p1 and Py at A and B. Hence (z.+p./G)-(z,°Tp|/G? is
1 of

lie quantity represented in the figure by DE, the fal leve
the ure columns, or virfual fall of the pipe. If there were no
friction in the pipe, then by Bernoulli's equation there would be no
fall of level of the L,’)n-ssure columns, the velocity being the same at
A and B, Hence DE or 4 is the head lost in {riction in the distance
AB. The quantity DE/AB=4/L is termed the virtual slope of
the pipe or virtual fall per foot of length. It is sometimes termed
vcryboclor_wemumly the relative fall, "It will be denoted by the
symbol 4.

Th (Luanlity Qfx which ap

e ’ rs in many hydraulic equations is
gall:’d the hydraulic mean radius of the pipe.” It will be denoted
ylnt'l'odut:ing these values, )
$v/2g = mh/L =msi. )
For pipes of circular section, and diameter d, .
oy fwd?/xd = id.
Then zg = tdh/L = 3di; )
or b= t(aL1d)(v*)2¢); . (40)

which shows that the head lost in [riction is proportional to the
head due to the velocity, and is found bgomultiplying that head by
the cocfficient 43L/d. It is assumed above that the atmospheric
Ermure at C and D is the same, and this is usually nearly the case.

ut §f C and D are at greatly different levels the excess of baro-
metric pressure at C, in feet of water, must be added to p/G.

§ 73. Hydrowlic Gradient or Line of Virtuat Slope—Join CD.
Since the head lost in friction is proportional to L, any intermediate

ressure column between A and B will have its [ree surface on the
ine CD, and the vertical distance between CD and the pipe at any
point measures the pressure; exclusive of atmospheric pressute, in
the pipe at that point. If the pipe were laid along the line CD
instead of AB, the water would flow at the same velocity by gravit
without an{ change of pressure from section to section. Hence C|
is termed the virtual slope or hydraulic gradient of the pipe. It is
the line of free surface level for each point of the pipe.

1f an ordinary lgipe. connecting reservoirs open to the air, rises at
any joint above the line of virtual slope, the pressure-at that point
ixesslhan!heﬂ;l p ﬁ; m i

t such a point there is a liability that air may be disen
A Lhat air 123 gaged

[y
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If the pipe is bellmouthed, Jo is about =08,

d through the pipe. |
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measured along the horizontal projection of the pipe. Hence the
line of hydraulic gradient may be taken to be a straight line without
error of practical im| nce.

§ 74. Case of a Uniform Pipe connecling two Reservoirs, when all ihe
Resistances are token inlo account.—Let & (fig. 82) bé the difference
of level of the reservoirs, and o the velocity, in 2 (ripe of length L
and diameter . The whole work done per second is virtually the
removal of Q cub. ft. of water from the surface of the uj
reservoir to surface of the lower reservoir, that is GQA foot-
pounds. This is expended in three ways. (1) The head #¥/2¢, corre-

ponding to an expenditure of GQv'/2g foot-pounds of work, is
employed in giving energy of motion to the water. This is ulti-

mately wasted in eddying motions in the lower reservoir. (2) A

rtion of head, which experience shows may be adnmued in
orm {w'/2g, corresponding to an expenditure of GQiw?/2g foot-
pounds of work, is employed in overcoming the resistance at the
entrance to the pire. 3 As already shown the head cxpended in
overcoming thesurlacefriction of the pipe is (’(4[.{1) {«*/2g) correspond-
ing to GQI(4L./d)(v*/2g) foot-pounds ol work. Hence

GQAm GQu/2g +GQtw/2g+GQE 4L.#*/d.2¢;

b (14fok T AL/ g,
A e . ®

clmouthed o + If the():ntrlnce to
the pipe is indrical, $o=0-505. ence 1+ =108 to I-508.
in ggng:al th%dis so small compared with £4L./d that, for practieal
calculations, it may be neglected; that is, the losses of head other
than the loss in surface friction arc left out of the reckoning. It
is only in short pipes and at high velocities that it is necessary td
take account of the first two terms in the bracket, as well as the
third, For instance, in pipes for the supply of turbines, v is usually
limited to 2 ft. Ker second, and the pipe is bellmouthed. Then
1.08v*/2g =0-067 it. In mm for towns’ supply v mnr range from
2to 4hl ft. per second, and then t-5»%/2g =0'1 to 0-5 {t. In elther
case this amount of head is small compared with the whole virtuat
fall in the cases which most commonly occur.

When d and v or d and & are given, the equations above are solved
quite ﬁmpl{' When v and A are given and d is required, it is better
to proceed by approximation. Find an apy mate value of d by
assuming a probable value for & as mentrondi below. Then from
that value of d find a corrected value for § and repeat the calculation.

The equation above may be put in the form -

k= (a2/d(x +30)d/ati +L]Y2g; (6
from which it is clear that the head expended at the mouthpiece is
equivalent to that of a length

(1+2)d/at
of the pipe. Putting 14+3,=1-50§ and {=0-01, the length of pi|
equivalent to the mouth Irtct issgg-s d nearly. This magtbe a ds
to the actual length of the pipe to allow for mouthpiece resistance
in approximate calculations.

§ 75. Coeficient of Friction for Pipes dx‘xthcrgfuf Water.—From the
average of a large number of cxperiments, the value of { for ordinary

iron pipes is
{=0-007$67. [¢2]

-But practical experience shows that no single value can be taken

aﬁplicablc to very different cases. The earlier hydraulicians occupied
themsclves chiefly with the dependence of ¢ on the velocity. Havin,
regard to the diffcrence of the law of resistance at very low an
at ordinary velocities, they assumed that § might be expressed In the

form

$=a+B/v.
The following are the best numerical values obtained for f eo ex.
p =

rom
he wajer, aod the flow 'mph?d or imped }_he ac ion of v 5 s
air. |('the pipe rises more than 34 ft. above the fine of virtual slope, ] i ¥
i o, el Bt ' & il e ontnuy P At bpccstd ettt
e flow wi roxken. “ R 1 D

f the pipe is not straight, the line of virtua! slope b a[[J.A-Eytelwein . . . . . 0-005493 | 0-00143
curved line, but since in actual pi%e: the vertical alterations of level " d the f 1
arz generally small, compared with the length of the pipe, di prop the lormula
measured along the pipe are sensihly proporti to distances 40 = a+8/vv=0-0035980-004289/V". ()}
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6. Darcy's Experiments on Friction in Pipes—All previoys

37, {n thek 3 of pipes were superseded by the ro-
markable researches carried out by H. P. G. Darcy (1803-1858), the
Inspector-General of the Paris water works. His experiments were
ird out on a scale, under & variation of conditions, and with a
degree of accuracy which leaves littic to be desired, and the results
obtalned are of very great practical importance. These results may

beé stated thus:— . . . . 5

1. For new and dear:,‘pr the friction varies considerably with
the paturc and polish of the surface of the pipe. For clean cast
iron it is about t} timesas great as for cast iron covered with pitch.

2. The nature of the surface has less influence when the pipes
are dld and incrusted with deposits, due to the action of the water.
Thus old and incrusted pipes give twice 3s great a frictipnal resist-
ance as new and clean pipes. Darcy's coefficients were chiefly
determiped from experiments os new pipes. He doubles these co-
efficients for old and incrusted pipes, in dance with the results
ofa lémited number of experiments on pipes containiog incrus-

¢

tations hnd déposits. )

3. The “coefficient of friction may be expressed in the form
$=a-fA/e; but in pipes which' have been some time in use it is
stfficiently accurate to take {=a, simply, where a; d ds on the
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Xven ‘selected experiments the values of the empirical coefficient ¢
range from 0-16 to 0-0028 in differént cases., Hence means of dis-
criminating the probable value of { are necessary in using the equa-~
tions for practical Egrposes, To a certain extent the knowledge that
I decreases with the size of the pipe and increases very much with
the roughness of its surface is a guide, and Darcy’s methad of deal-
m&cwit these causes of variation is very helpful. But a further
difficulty arises from the di of results of different ex-
periments. For instance F. P, Stearns and J. M. Gale both experi-
mented on clean asphalted cast-iron pipes, 4 ft, in diameter. Ac
cording to one set of gaugings ¢=-0051, and according to the other
¢ =-0031. It is impossible in such cases not to suspect some error in
the observations or some difference in the condition of the pipes not
naticed by the of re.

It i3 not likely that any formula can be found which will give
exactly the discharge of any given pipe.. For one of the chief factors
in any such formula must express the exact roughness of the pipe
surfate, and there is no scientific measure of roughness. The modt
that can be done is to limit the choice of the coefficient for a pipe
within certain comparatively narrow limits. The experiments on
fluid friction show that the power of the velocity to which the

djameter of the pipe alone, but a and 8 on the other hand depend
both on the diameter of the pipe and the nature of its surface, The
following are the values of the constants. .
For pipes which have been some time in use, neglecting the term
ing on the velocity;

s=a(1-+p/d). )
a 8
For drawn wrought:iron or smooth cast-
ronpipes. . . . . . . . . -004973 | -084
For pipes altered by light incrustations ~00996 -084

. These coeficients may be put in the following very simple form,
without sensibly altering their value:—

Forcleanpipes . . . . -voos(|+xlxzd)‘
F: slight ygnucrusted pipes ;- 01(141/12d)

Darcy's Value of the Coefficient of Friction ¢ for Velocities not loss
ey 4 Iha‘f‘; 8, per second. s

(99)

P Pipe i i
, o ripe .
in Inches, g,l;;' lm in lncg;. Pliqpcsw l"g‘;t:d
2 0:00750 | 0-01500 18 00528 -01056
3 -01333 -2t ~00524 | 01048
4 -00625 01250 24 «00521 -01042
2 *00600 | » -01200 7 -00519 01037
-00583 01167 3o *00517 | 0RO,
*00571 01143 36 00514 | 0102
5 -00563 01125 42 “00512 *01024
9 «00556| -orrit 48 00510 | 01021
12 00542 | -0ro83 54 00509 | -otorg
18- - | -00333| -01067

These values of } are, however, not exact for widely differing
velocities. To embrace all cases Darcy proposed the expression
§ = (a+a/d) 4 (8480 o3 (10)
which is 2 modification of C: including terms exp Jl‘} the
influence of the diameter and of the velocity. For clean pipes Darcy
fodnd these values

1Y,

" It has become not uncommon to calculate the discharge of pipes
by the formula of E. Ganguillet and W. R. Kutter, which will be
discassed under the head of channeis. For the value of ¢ in the
relation v=cy (mi), Ganguillet and Kutter take

_41-6+1-811 'n+-00281/¢

“ 14+[(41-64-00281/s)(n/vm,
where » is a coefficient depencing only on the roughness of the pipe.

For pipes uncoated as ordinarily laid n =0-013. e formula is ve:
¢umbrous, its form is not rationally justifiable aad it is not at all
flear t'l;al it gives more accurate values of the discharge than simpler
ormulae.

§ 77._ Later Investigations on Flow in Pipes.—~The foregoing state.

ment gives the theory of flow in pipes so far ag it can wt in 8
simple rational form. But the conditions of flow are rcal *mgr'
complicated than can be expressed in.any rational form. Taking

is proportional is not exactly the square. Also in deter-
mining the form of his equation for { Darcy used only eight out of his
seventeen series of experiments, and there is reason to think that some
of these were exceptional. Barré de Saint-Venant was the first to
propose a formula with two constants,

dhjgl=mVe, .
rhem m and s are exverimental constants. If this is written in the
orm
tog m-n log v=log (dk/4)),

we have, as Saint-Venant pointed out, the equation to a straight
tine, of which ns is the ordinate at the origin and 5 the ratio of the
slope. If a series of experimental values are plotted logarithmically
the determination of the constants is reduced to finding the straight
line which most nearly passes through tbe plotted points. Saing-
Venant found for s -the value of 1:71. In a memoir on the influence
of ure on the movement of water in pipes (Berlin, 18\;4) by
G. H. L. Hagen (1797-1884) another modification of the Saint-Venant
formula was given. is /i =mv~id®, which involves three ex-
perimental coefficients. Hagen found nw=1-75; x=1.25; and m
was then nearly independent of variations of v aad 4. But the range
of cases examined was small. In a remarkable paper in the Trans.
Roy. Soc., 1883, Professor Osborne Reynolds made much clearer the
change from regular stream line motion at low velocities to the
eddying motion, which occurs in almost all the cases with which the
engineer deal. Partly by reasoning, partly by induction
from the form of logarithmically plotted curves of experimental
results, he arrived at the general equation h/l=c(v*/d¥~—)Pt-s,
where 5 =1 for low velocities and n = 17 to 2 for ordinary velocilies.
Pisa function of the temperature. Neglecting variations of tempera-

ture Reynold's formula is identical with Hagen's if x=3-. For
practical purposcs Hagen's form is the more convenient.
"Values of Index of Velocity.
i . Diameter
Surface of Pipe. Authority. i(:f rgg:c i Values of n.
. }in Metres, .
Tin plate ., . 036 1 :
w p[, . Bossut . . . { _°g4 ‘_;’gé 172
rought iron . . o1 1
pipg) (gas } Hamilton Smith _mgg l,igo 75
1 014 1-866
Lead . . , . [Darey . . . -027 1-_1&5,}‘ 177
Clean ‘brall 7 Mair :g?gtxs ::;95 1-795
. : &amihoﬁsﬁfid{ :ozgé |~t716o
: m e . ‘41 1-830
Asphalted . WV Boan - 4185 "3%3 1-85
* [Stearns .. . 1-219 1
Riveted wrotght ]( . : -2776 | 1-804
iron Hpmnilton Smith «3219 | 1892} 1-87
. +3749 | 1'852
Wrought iron (gas } 0122 |1°
pipe) Darcy . . . ozasi :g 11-8_7
-0819 }1-950) -
New castiron .|Darcy . . .|4 1§} :g;g 195
‘50 1950
64 {14838}
Cleanedcastiron . |Darcy . . . :2“; fpovd VLN
<397 207 2
. 0359 | 1.980) .
Incrusted cast iron|Darcy . . . -0795§ :-;gg 2100
2433 |1~
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ln 1886, Professor W. C. Unvnn &);oeted loganthmcally allbthe
w in then available.!
the

F’ 8, nhymh tting. 'I'h It o(  slopes
ig. ves one e resuits meaunn
ol‘tlins Eneu drawn through the plotted points are giﬁren in the

It will be a¢en that the values of the index # range from 1.72 for
themootheotandcleaneotmrface mzookarthemuzheu. The

num|

valueulnhavm beenz.hmdctummd.valu«olm/d'wm
next foundtnd avemxegd ioruch“re. ‘l‘hmwerelpm plotted
logarith L in order to find a for ‘The lines were nat

tmnllmthedopentgruurthnlml.
thn the\mlueol 2 must be greater thaa unity. The following uble
gvx;iuthemulundneompnmolthevaludzmReynoldsl
ue 3-5

Kind of Pipe. [ 3-n x

Tin pla 172 | 1-28 | 1-100
Wmuﬁht mm (Smxt!:) xﬂgs 1-25 | 1210

185 | 11§ | 1127
Wmught imn (Dan:y) 1-87 { 113 | 1680
Riveted wroughtiron . | 1-87 | 3-13 | 1:390
Newcastiron . . ". | 1-95 | 105 | 3-168
Cleaned castiron . .| 200 | 1:00 | 1-168
Incrusted cast iron 2-00 | 1-00 | 1-160

With the ption of the lous values for Dnn:r s wrought-
iron pipes, there is no great discrepancy between the values of x and

~n, but there Is no nppeamnoe of n-huon in the two guumtics.
o‘or it app p that x is

».

« It is now possible to obtain values of the third constant m,
the values found for » and x. The following table gives the
ues of m being for metric measures.

* * Formulae for the Flow of Water in Pipes,” Industrics (Man-

using
results,

, $886).

of diameters and velocities in
muvetyahdmonlyclon.
le values.

Here eonsdmn& the t nn
experiments, the co%ncy But. “ e

The as halled ve rather ‘variabl

Thei ~ ted pi £ ?ige e of ke dnple a..u e o
ncrusted pij ve a value of m q oul lor ue

but t.hh:; is per‘;emy consistent with what is known of fluid friction o

in ot

Diameter ¢ | Mean
Kiod of Pipe. | o |VAlueof | Valse | Authority.
Metres, g .ol m.
0-0; o1
Tin plate o_og ‘oresL} |-o1686 |Bossut
Wrought iron :g;g oiatgf | 01310 | Hamilton Smitn
0-027 | *0174 Hamilann Smhith
-~ 0-306 | -020§ W. W. Bona
Asphalted 0-306 |-02107 01831 W. W. Bonn
pipes. o-419 | -01650 pe
4 3-219 |-01317
1-21 «02107 Gale
o298 {-01370
Riveted 0-322 |-01440
A . o 01 ot Hamilton Smith
. ‘wrought iron o_ig .01333 403
-657 | -01448
0082 |-017281"
. o1 01427
New cast iron ot 14 o134 ‘@658 | Darcy
038 |-otet
0 .
C‘ﬁ‘;d cast | 10245 |-02001 { |-qi994 |Darcy
o
Tncrusted cast 0-0 -0
N Lr «03530 ¢ | 03643
iron 0-243 0'3%6
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Mean Vafuct of . i it Pn:f .(')ll:orne R:‘ynol;u o med
—Afim e 2p—ca rises. equation is asu
u;g: ,f‘ae,m‘lh?ﬂ,;‘:,'ﬁ,ukfn S)—hl=ner/d".2 ,fn Shetelore b A-mLV'Id"' and » is uken 1-795, then vnlua of m at each
mean values of the coefficients are taken, the unit being a metre:— P T F T F. -
- ‘em; Il. ‘em .
Kind of Pipe. » = L] 57“ o~ooozz6 tog 0-000244
Tin plate ¢ ! .| -0169 | 1-10 1-72 Zg 3000253 :::g g-ooocgg :
Wrought iron 3 . | -0131 | 121 1-7§ 90 0000250 ,30 ‘0-00022!
tediron . 7 0183 | 1-127 | 18§ o-oooaoi
g‘;“:nm“m :: :% :'87 where again a regular decrease of the coeﬁuent occurs as’ the
a castiron ¥ 1 -o1 1168 ’35 temperature rises. In_ex nments on the friction of disks at
eaned et von . 99 6o | 3o different temperatures P; .C. Unwin found that the re-
locrusted +0354 was proportional to constant X (1-0-0021) and the values
The variation of each of these coefficients is within a comparatively | of  given above are expreseed almost the
nu'row range, lnm ecuon of the proper coefficient for any given % =0-000311(1-0-00215 §).
uhown. character of the surface of the pipe |  [a tank exp ml“h:ﬁl dels for smal "ol y"ﬁlﬁ(}l“
It only re to RIW t?:: Vlalhll? o di.”ea g‘:h‘e“” when ? ?lo !cll.'_np‘eratum, it is usual to allow a d or
uantities are upmued in eet. For En; measures the uence 3 Pi;
?dlovm;l are the values of the‘coeﬁuentl'—- 5;:-""}1 ;: ":m - 'P“ “k:“ofptk:f" '37:3;5
L on tiction is shown yvnmu;hcu awn
Kind of Pipe. m = b morh |n§ln p:ped- dl; ;gwq certain k:'ndl gll' w;cex},mx ion
A \ . s rapidly and the arge is consideral imi
a}:oﬁhl::ml; s oat :g: ::;‘;’ :7§ dup'ronﬁ y ia 1858, 14 m, in length, consguo( 10-in., 9-m.'
Aot o IR s viz7 | 182 and 8-in. pl?u t was ot prot from corrosion by any coaung
R ht fron . 0.33 1-390 | 187 But it was foynd to the surprise l’;fmeer that o e ht yean
h“d 'ironm' “oazs | 5188 | 108 zhe ducpme bad dmdmshed to 5! / angmal ! ol
G“MM i"”‘ X -0243 | 3168 | 20 ipe, and thu was eonm'ucted md used under the direction o?
Incrusted cast iron -0440 | 1160 | 20 Wﬁ&m Froude (see ** Incrustation of Iron Pipes,” by W. Ingham,

! 78. Distribution of Velocity in the Cross Section of a Pipe. ~—Darey
made experiments with a Pitot tube in 1850 on the velocxty at
different points in the cross section of a pipe. He deduced the

relation

V-—r=11-3(3/R)VS, N
where V is the velocity-at the centre and v the at radive r in
a plpeofuduu R wn a hydraulic t 5. later azin repealed
the them (Mém. de I'A cadémse des Sciences,

t result was the ratio of mean to
oen IU here U wel mean ve:ocuy in the
nlp!. then -3 +9 \l vel ul result for practical

uthntatonof;theudnuu the the velocity is equal
mean velocuty l-'xg 84 gives the velocities at different radii

udet I?led [T he Flow theough Pipes -V
'nflsenc emperatu [/ ipes --Very
euulul nts ’?;ov"” h a pipe 0-1236 ft in diameter

xxxii. 6) Themon:

‘w

mitted behind the p

Proc. Inst. Mech. Exg., 1899). 1t was found that by scraping the
interior of the pipe the discharge was increased §6%. The scraping
requnru to be repeated at intervals. After scraping the dis-

diminishes rather rapidly to 10% and afterwards more
do\vy, the diminution in a ngemgabout:s %
Fl‘ﬁeds shows a ecraper for water mains, similar to Appold’s but
modified in details, as constrycted by the Glenfield Company, at
Kilmarnock. A is a longitudinal section of the pipe, showing the
scr:&er in place; B is an end view of the plungers, and C, D

boxes placed at intervals on the main for intmduan( or with-

drawing the The of two. plungers,
packed with leather so a4 to it the fnain pretty closely.
spindle of these plungers are eight steel scrapin
curved scraping ed;a- fitting the surface of the main, e &
ia placed in the main by revioving the cover from one of
shown at C, D. ﬂleoovuistbenreplhoed ndf;rmila

o' PP 4

Fic. 84.

Fic. 8s.

nd :g fe. lu’bl with water at. different temperatures, have been | main. At Llnultorlftertm mpmgthedmdmg: increased
made by J. air (Proc. Inst, Civ. En‘helxx:uv) he loss of hud 6% % at Oswestry S4} 7. increased is due to the
was meuund s pomt 1 ft. from the inlet, 50 that the loss at inmmunon of the Triction of plpc by removing the rou; bnesel
entry was elum ‘The 1§ in. pipe 'Iu e lmoo!.h inside and | due to oxidafion. The scraper can be easily followed when

to puge n ing a mandril :Ilnz the results | ‘are ;bout 3 ft. deep by the noise it makes. . The average speed ol the
logarithmically, it was lound that the t Torquay is 24 m. hour. At Torqugy 49% of the

varied very emtlyasﬁ’“ the mdexbemgleuthanzum deroathhonmn.zhmhngﬂm lime and nic matter.
other ‘aking the ordinaxy some it is mgdw ' 10 use the
equation of flow h-rzq!_ ;(ﬁzhg , then for heads vnrylng from 1 ft. The incr is onl d, and if the
to nearly 4 ft., and velocities in the pipe varying rom4 ft. toq It. pet | use of the acraper is continued the tife of the plPe u reduced. The
secand, the uudtvetenfqllam*-— only tredtment effective in preventing or retarding the incristation
Temp. F. ) £ Temp F. 'y due to corrosion is to coat the pipes whén hot with a smooth and
57 “0044 to +00%2 0039 to 0042 Fcrlect layer of pitch. With certain waters such as those derived
zg “0042 to -0045 nu *0037 to -004 1 che chdk the incrustation is ofa different character, consisting

*0041 10 *0045 20 0037 t0 0041 A de of

90 0040 t0 0045 lgg “003§ to oo;g whlchhnl.dtomubleinmmm a black slime containing a
1 0035 to -003 goodduldmnmdmvedfmmmp:pu It appears to be an
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M Filtration of the water appears to prevent the

gwwtho the slime, and its maybe y
a kind of brush scraper devised b; G ’F. Deacon (see
P:pe-,"bmelemrJ C. Campbell Brown, Proc, Inst. Eu,
10031
92381 9‘?lm of Waler through Fire Hose.—The hose pipes used for

purposes are of very varied er, and the roug| ne-olthe
surface varies.  Very careful upmmentx ‘have been made by J. R.
Freeman (A, Sac. Civ. Eng. xxi., 1889). It was noted that under
pressure the dlzmeter ol the hose increased sufficiently to have a

marked infl In results the true
diameter has becn taken Let p=mean vdbuty in ft. seC.;
r=hydraulic mean radius or one-fourth the diameter ln eet; fw=
hydraulic gradiea. Then pwny (ri).

. Gallons
Dmai::ter Unim;l .
) i ° »
Inches. per min. .

*{ Solid rubber{ 2-65 15 1863 | 12:50 | 1233
hose - . " 344 -4714 | 20-00 | 124-0
Woven cotton, '} 2:47 200 -24 1340 | Y19~
rubber lined { " 299 -5 -00 | 121-§
Woven cotton, 2-49 200 -2427113-20 | 1177
rubber lined { , 319 -5 21-00 | 122°1 |
Knit cotton,{ 268 132 . 750 | 111-6
rubber Fned » 299 3931 {17-00 | 114-8
Knit cottuu,{ 269 204 -2357 [ 11-50 | 100-3
rubber lined » 319 -513 18-00 | 105°8
Woven cotton, i 212 154 48 | 14:00 113-4
rubber lined ¥ » 240 7673 | 21-81 | 1184
Woven cotton, 253 3:8 0261 | 3-50| 943
subber lined { . 8264 | 19-00| 91+0
Unlined linen 2-60 579 14| 350 739
hose " 331 1-1624 [20-00{ 79-6
§ 82, thuclmw o Long Pipe of VayuuDumdutoa»Equﬂlm

Pipe of Uniform Diamaeter. Dupust's .—~Water mains for

the sup) towns often consist of & series of lengths, the diarheter

?emg e smame for each IBMZ} but dlﬂenng from length to length.

n _approximate calculations ead lost i m such mains, it is

generally accurate enough to 1 lect the ler of head

|
and to l{ave regard ta the pipe fer?ctlon only, and then the m.lcuh-
tions may be faciiitated by reducing the main to a main of
diametes, in which there would be the same loss of head. Lg\lc.h a
uaiform maia will be tumed an equwalent main,

e S GOV JSSS S S
4 & £ .0
| TSR .- 3
B : - -
Fic. 86.

In fig. 86 let A be the main of variable diameter, l.nd B the equiva-
lent uniform main. In the given main of variable d}\.
4, &.. be the lengths,

dy, dy... the diameters,
w, m...  the velocities,
i 4y fa... the slopes,
for the stccessive pbmm:. XX and € be eurrespond
qQuantities for the equivalent umI?t The total § mo?

ead in A due to {riction i u
ke il
- n' du‘zm)‘}-t(h’ th)+ -
and in the uniform main
il = {(h-4J/2¢d).
II the maxns are eqnivalent, as defined above,
£ ¢l/2gd) = Hion4hif2gdy) +- P (wtql/2gd) + . oo

But, since the discharge is the same for all pottiom.

rdo= 'dx’ﬁ"}'dt"l=
- wodd; vy=pd?fds?. .
%lhso suppase that § may be treated ucomnt tor d!theptpu.
. I/d- {d‘/d, (M&)-/&‘-éd‘ldi)(hldnH -
which gives the len h of the equivalent unifarm main which would
have the same Jouofhun for any given dixhqrge.

HYDRAULICS

[SFEAD¥ FLOW IN PIPES

§ 83. Other Lossea of Head in Pipes —Most of the loeses of head in
pipes, other than that due to nuface friction against the pipe, are due
to abrupt changes in the velocity of the stream p eddwa
The kinetic energy of these i u deducted from the genecral energy
translation, and practicall

Sudden Eslar, gmuufgubu-—Suppunpapemkrguum
grgmﬂa’u area we L0 40 area w (

7); then -

o IT
a-.llthenecuonu:rcuhr, - Y. v 4
The head okt b abrupt ch G- ey
e ot at the al ange . , :
Fown o head duo. he -L
e v o e oo pets
ative
of the stream. "Hmehadlm Fic. 87

Bowe (my—21)"/3g = (/w1 )'0r¥ag = { (/) ~ 1 Py’ f2g
or Be=tant/2g, m
#f £, Is put for the expression in brackets.

- —_—
80 LT

UIIQ- oSt X RRRAIASIR RN ] 25|30 |3s]e0]|sd]00] 70
di/do = 2.08] 120 1 22] 1 30 x.34] 1.38 145 1 68 1.75] 1 8K 00| 5.24] 24 264 223
Som] o1 o4l gl .4 L4 .B2]1.08 2.29 4.00] 6.28 g.0cf16. 36

Abrupt Comtraction Soclm—When ter passes from a larger
toa-m‘:lleraecuon, u:f iuﬁgts&hd’a ;:mon is foribed, and

the contracted stream abruptly expans toﬁlltheoa:md".heplpe.
Sv— o 3 —— :
S :: gm———
—— == —— ==
= == ,
& P} .
Fic. 88. Fxc.ag. '

hftubemmnmd v‘;hehvdul::tydthen;'ramubb. Atd
e section €eo, and t -9/c1, .
the coefficient of mnl‘?actm ';‘hve;oz?s?h:g“ Veu, where c.
B (0)c.~v)Y2gm (10, —1)%0%2g;
and, if c, is taken &64,
Bu=0-316%8/2¢. @
The value of the coefficient of contraction for this case is, however,
not well ascertained, and the resuit is somewhat modified by friction.

| For water entering a lindrical, mot bell-mouthed, f
reservoir of il mdeﬁﬁ tely size, experiment gives ‘pipe rom &
§amo-508 %/2¢. (3)

1f th diaph t th uth of t £
w.‘."‘.':.'ou .I‘o%“é; i ot ere s 3atn b . o :
is Coun,

b.-l(»/cm)-ﬂl’i'iu

=tohag (4)

if 3. is put for {(w/cen) ~3. Weisbach has found apeﬁ

the following V.E"a of the coefficient, when the stream nppm

the orifice was considerably larger than the orifice :—

G
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Whea n disphragm was placed in 3 tube of uniform soction (fig. 90)
FiG. 90.
the following valies were obtzxned. o being the area of theon&z

and w that of the pipe:— .
u:lu- ol |or o3 [o4 o5 |06 °.7 08 | op | 10
Com | 634 | 32| L3 | .6s9] 688 ] .yra{ 259 ] 823 | 8o | 100
Eom 11950| 47.77| 3085 ] 7.808 | 2.953] 1.798] .7p7 | 090} .060'] 000




STEADY FLOW IN .PIPESH

Elbqws—Welsbach cansiders tha lon of tread at elbows (fig91)
to be due to a coat formed Fromexperiments
vnth @ pipe 1} in. diameter, he l‘ound thc loss of head

Bom2, (s
fomor 9457 un‘»+z-o47 sin' §.
= 0° | ¢o° | 6o* (%S 96® | 100° | 110° | 120* | 130* ‘,ldo‘
$o= | post |oxg] asse | oee | ools | 2060 | 256 | 3808 | 2158 | 2481
Hence at a right-angled elbow the whole head due to the velocity
very nearly is lost.
Beuds~Weisbach traces the loss.of head at curved. bends to a

similar cause to that at
elbows, hut the coeffi-
cients for bends are mt

tained for the loss of
head at a bend in a pipe
- of tircular section
©

Do=ustfag;
$a=0-131+1-847(d/2p)8,

of the pipe and p the

ius of curvature of

- ' the bend. - resistance

at bends is emall and at present very ill determined.

Vulns. Cocks and Slusces—These produce .a contraction of the
water-stream, similar .to that for an lbru
diminution of section altea dqscussed.
loss of head may be taken as belore to be

' Bo=u0t/2g; (]

. where p is the vdocnty in the ec{:lpe beyond the valve
and ¢, a coefficient determived by experiment. The
following are Weisbath’s results.

Siuice tn Pipe of Rectowgular Section (fig. 9a).

Fi1G. 91.

F1G. 92 gection at sluice =y in pipt=e.
wfw= | 10|09 |08 |o7 |06 jo5 |04 | 03} 0201
| £=|oco| o] 39| 95| 708|g0z)ea 578 {44-5| 193

Sluice in Cylmdmal Pipe (fig. 93):

HYDRAULICS

where -d 18 the diameter §-

63

0= | 45° | s50° 55' 60° | 65° |-70° {90°
tom| 187 { 326 588 | 8 | 256 1 751 | @
5 Practical Cakula.lmns on lllc Flow of Water is Pipes—In
& 4t will be { ptpe#:of 0
fmt a Iength that only the
oss of head in n against
the surface of the pipe needs
to be considered. In general

it is one of the four quantities
d, i, v or which _req
ined. ~For since
the loss of head 'k is given by &
the relation k=4, this need :
not be deparately considesed.
‘There are then three equa.

F16. 95.
tions_(see eq. 4, § 72, and 93, I 76) for the aolutwnotmch problem

as arise:—
$=u(141/12d); (O]
where a =0-00% for new and =0-02 for incrusted pipes.
vf2g = 1di. (2)
; ’ Q=l=d%. (2 -

Problem 1. Given the diameter of the pipe md m vm:ual slope,
to find the discharge and velocity of law. Here ¢ ﬁ?ﬂn‘
and Q and ¢ ase required. Find { from (1): then » (rom )
Q from (3). This presenta no dificulty
By combining equations (1) and (2), v1s obtzuncd. directly s~
. v=y dif2t) =V (gf2e)V [dif 1+ 1/12d] ). (O
]{.or pew pipes . .. .. V(g/za)=5672 .
or incrusted pipes . .=40'13 :
For pipes not less than 1, or more than 4 ft. in dumct:r. the
mean values of { are
Fornewpipes . . . . . . 000526
Forincrusted pipes . . . . . 0-0l0§2
Using these values we get the very umple eéxpressions—

v=55-317{(di) for new pipes - (40)
. -23 ny/?-; ds) for mcmsted plpel} 4.
Within the limits stated, these are accurate e: h for pracnca.l
urposes, especially as the precise value of the uent ¢ capnot
Ec known for each special case.

Problem 2. Given the diameter of a pipe lnd the velocity of flow,
to find the virtual slope and discharge. rge is given b

The
N ); the proper value of ¢ b (I) and the virtudf alope by, (2).
Ralio Wwws"l of s i %’hu also!:)reps:nts no special !
openiog to diamcter oy 1o} § |} 3 Jegt Problem 3. Given the diameter oi the plpe aad the dmch‘zrge}
T anfom 3.00 fo.g4B| 856 [ .240 | 600 | 466 | 315 | 20 find the virtual slope and velocity. Find v from (3); ¢ from 43}
- 00| 0.07 | 096 | o8c [ 5,06 | g5 | = s lntly-lrom(a)' 1f we combine l)and(z -we get
’ e R Dl R Bndid il Il Bl i =t @2g) (4Id)-nt! +1/12dlfd; (s)
and, taking the mean values of § for pipes from 1 to 4 ft. diameter,
given above, the approximate formutae are ,
$=0-0003268 12/d for new pipes } (sa)
=0-0006536 #*/d for incrusted pipés
... Problem 4. Given the virtual slope and the velocxty. to find, thc
the pipe and the d The
I'rom cqua.tmm (2) and (1), which give the quadnnc expresuon
d¥-d(2as*/gi) —as*/6gi=0.
; . d =att/gi 4V {(a#/gi) (ath/gi+116)}. 6)
“Fi6 9'3 Fic. 94 For pmmul purpolet the approximate equatiom 0
AP - - . d=2av[gi +1/12
o Cock in o Cylindrical Pipe (ig. 94). Angle through which cock —o wf;, /i 1By for new pipes - ‘
¢ - ; =0-00062 ¥/ +-083 for ircrusted pipes
e ° 10° 15° 20° | 2s° 0° | 35° ufficiently accurate.
Ratio of 5 3 s areP:‘olbk; P ‘yGwen the virtya! slope and the discharge, to find the
cross 926 | -850 | 773 | ‘692 | -613 | 535 | 458 diameter of the pipe and velocity of flow. This case, which often
sections . occure-in designing, is the one which is least easy of direct solution.
$om -0§, *29 78 ) 1°56 | 310 | 547 | 968 Fron equations (2} and (3) we get—" .
. 3 0 0 0 < T '!' =320 QP pe%. &)
R: = f 40 43, 5 5 6o 65 82 ll’ now the value of ¢ in (1) h introduced, the equhnon becomes very
c rt ‘:;:s } -385 | 315 | -250 | -190 | -137 | -091 0 rous o arious appr ¢ methods of meeting the difficulty
sections ‘ T king the mean values of ¢ given above for pipés of 1 to 4
- 193 | 312 | 526 | 106 | 206 | 486 | « (“) a "‘se ks & i
Throlils Volve in o Cylindrical Pipe (fig- 95)- ‘d=N (320/ee)WV (QUD) ®)
=0-2216Y (Q',’x:) for new pipes i
™ o | o [ 15° | 20° . 00 ° . = 02541 ¥ (Q*/i) for incrusted pipes;
5 s s 3 % © e(*uatlons which are interesting as showing that when the value of
fom | 24 | 52 | 90 | 154 | 2251 | 392 | 6:22 | 108 s doubled 3!;: diameter of pipe for & given discharge is only in-
. by 1
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{=e. This value is

&=V (32Q/gr*)Ve=06319 ¥ (Q'Itw-
Then a very approximate value of { is

' =a(141/12d");

;nd;miudvﬂmdl.mt-ndhlydiﬂeﬂnqlmthmvdm.

4" =¥ (32Q/gw* )V ' =0 6319V, (Q'mvr
(‘) Equation 7 may be put in the

J-V(J?GQ'IF‘!')V(x-HIﬁﬂ 1))
! Expanding the term in brackets,
(l +x[lzd) -x+llsod-l,'xaool'

B IR

h
|
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(8) A secosd method is to obtain a rough value of dby assuming | if the &

[STEADY FLOW IN PrPeS

demand ] head day, the miaing
uhtedlors&pﬂupcphfud 'c’l.: 4

Diameiers of muyl’arhojavlm
Main.—When the plan of the armogement of mains is determined
upon, and the supply to each louhx.lndthepn-ure required is

it to d diametars of the pipes. l.u-,

ldbe
§ 86. D

an elevation of a main ABCD..., R being the rese:
g‘wu?'hlch the supply i |‘-' del?v::l Let NN be the datum Iine ol the
levelling operations, and H, Hs...the of the main -above
the datum line, H, Leing the hught of water surface in the

V(;nlp’) =0-219 for new pi
=0-282forincrusted pipes.
8s. mulgmcnl Water M .
fw‘l’omu * Supply.— ow: mam;::e‘ : Datum Limns.
rom

8 service reservolr, which in tum is
supplied hy mvinm from & storage reservoir erbygumglnq

Fic. 98.
reservoir from the same datum. Sez up next heights AA.. BB.,

(rmnalawer The seryice reservoir

days' supply or in important cases much more. Its elevation

nhould be such that water is delivered at a pressure of at least about

xm ft. to the highest m- of the district. The smtesv. sure in
the mains is usually about 200 t't the pr or whic

pipes and fittings are designed. Hence i the district supphed has

variations of fevel it must be divided into zones of higher and
pressure,  Fig. 96 shows & district of two zones each with its
and a range of pressure in the lower district from

200 ft. ‘The total ngply required is in England about 25
head per day. But in many towns, and especially in

Ex
Rl Py

is considerably greater, but also in many cases

ing the minimum
-upply of each locality. fhen Ale ;D; L. isa (’ne whu:h shoyld
forn r Iunlt to the line of virtual slope. Then |f heights
,:. ken representing the actual losses of head in each
length l..l... of the main, will be the line of virtual
and it will be obvious at what points such as Dy and E,, the
pmssure is_deficicnt, and a different choice of diameter of main is.
required. For any point s in the length of the main, we have
Pressure height = H, —=H, = (5« +ho+- . .5).

Where no ather circumstaace limits the loss of head to be assigned
to a given length of mun. a consideration of the safety of the main
from. g draulic shock toa n of the velocity
of flow. Generally the velocity in water mains lies between 1§ and
44 -f¢. per second.” Occasionally the velocity in pipes reaches 10 ft.
per second, and in hydraulic machinery working under enormous
pressures even 20 ft. Jaer second. Usually the velo:ily dimmuhu
along the main as the discha dxmmuhe&r as to reduce so t
the total loss of head which is nble to re: the pressure insu t
at the end of the main.

annmf gives the following welocities as suitable in pnpeu
lor tovns supply>—

VT:“" mrmchu . . & 8 12 18 34 6

elocity in feet v . 2 0 R
F'e connecting oszmrggl 3?[33 LeuL—L:}
21‘ L] Hﬂl the’

87.

‘B (o (ﬁ ) ) ree reservoirs
ﬂlpu ogn?-a-l,, dy, Qu '| h. ds, O, ?a. ‘lv da-

the three portions of

of the pipes

at X, the water will rise to a
will Be the
[ 5 the

lhe main che d1 i and P
knﬁwn an the duchms nqumd

height XR, measuring the Eereuum at X and aR, Rb,
lines of virtual slope. free surfaee level at R is
reservoir A supplies B and C, and il

Rnbelowi.AandBﬂppyC

b Lk

§° omemececraccecamuenesss
corsmsseme

@1 rseersnace

14
Pee
e

e Fesaennsrsarencsrentans »

Conmuendy t.here m t ree cases:—
I.R
1] a. Qy=o0,

To dc{enmne wh:ch case hu to be
wil the given condmom
suppose the pipe from X to B closed
by a sluice. en there is a dmplu
main, and the height of free surface
b;:s X can be determined. For this
condition

R~ K = {v*/20)(4hi/dy
¥~k -l’('t'lu)(dtlg&.
where @’ is the common ducl'nrga

w %

B3 E >
.-':
:'

l""l.

%

l-‘xc 97-

8 good deal of the lupply is lost by leakage of the mainl. The lurply from which ¥

through the branch malns of a distributing syst

?’( the two portions of the pipe

(b =R) (N = h,) mhdib/bds®,
Iy easfly obtained. If then ¥ is greater than A,
e gluice between X and B will allo' flow towards B, and

the population su, But in determinin;
mains the fluctuation of the demand must be allowed for,

_tQ take the maximum demand at twice the average demand, Hence

g ¢!
!he capacity of the | the case in hand is case I.
It is usual | will allow flow from B, and the case is casc lll

1f & is less than &, o ning the sluice
, the case
iscase Il., and is almdy completely solv



COMPRESSIBLE FLUIDS IN PIPES]

The true value of & must lie between 4’ and k. Choose & new
value of &, and recalculate Qi, Qi Qs. Then if

8.‘>&+8. in case .,

or +Qe> Qs in case 1il.,

the value chosen for & is too small, and a new value must be chosen.
ot

&<
+
the value of & is too great.
Since the limits between which & can vary are in practical cases not
distant, it is easy toa roximate to values ciently accurate,
gss. Water Hammer.—1t in a pipe through which water is flowin
uice is suddenly closed so as to arrest the forward movement
the water, there is a rise of ftessure which in some cases is serions
enough to burst the pipe. This action is termed water hammer or
water ram. The Ructuation of pressure is an oscillating one and
gradually dies out. Care is usually taken that sluices should only be
closed gradually and then the effect is lupgrecnable Very careful
experiments on water hammer were made ; Jb Joukowsky at
Moscow in 1898 (Sioss in Wasserleilungen, St Petersburg, l%)o), and
the results are generally confirmed by experiments made
Westan and R, C. Carpenter in America. Joukowsky ule plpes.
2, 4and 6 in. diameter, from 1000 to 2500 ft, in length. The sluice
closed in 0-03 second, and the Auctuations of pressure were auto-
maticdlly The excess p due to water-
Kammer action was as follows :—

+Q, incase I,
<0y in case Ii1,,

Pipe 4-in. diameter. Pipe 6-in. diameter.
Velocity Excess Pressure. Velocity Excess Pressure.
ft. per sec. D per sq. in. ft. per sec. I per sq. in.
o5 1 o6
2-9 lgs 30 I;g
41 . 332 56 369
92 519 75 426

In some cases, in ﬁxinfolhc thickness of water mains, too Ib persq. in,
ure is allowed to cover the effect of water hammer.
ith the velocities usual in water mains, especully as no valves can

be quite suddenly closed, this appears to be a reasonable ance
(sec also Carpenter, Am. Soc. lf h. Eng., 1893).
IX. FLOW OF COMPRESSIBLE FLUIDS IN PIPES
Flow of Air in Long Pipes.~When air flowa through a long

p:peagy far the greater part of the work expended is used in over-
due to the surface of the pipe. The
work txpended in lnctwn generates heat, which for the most part
must be develo, given back to the air. Some heat may
transmitted gh the udc: of the pipe to surrounding materials,
ut m experiments hitherto made the amount so conducted away
3 rs to be very small, and if no heat is transmitted the airin the
tube must remain unmbly at the same e durin,
in other words, the expansion mzy be mgnrded as iwthemn!

exactly neuu:lmng the
cooling due to the work done.
used for the transmission of mmge;. by R. S Cull and R. Subme
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time di the mass of air botween AsAscomes to A%A’; 10 that Mol-
sdiand A)A'y = (u+du)dh. Let Qbe the sectlon, and m the hydraulic
mean radius of thc pipe, and W the weight of air flowing through the

?rom the umdmeu of the motion the weight of air between the
sections Aed's, and A:A'y is the same. That is,
Widtw COudi=GQ(%-+dx)dt. -

By maalogy with liquids the head lost 3a.friction is, for the length

dl (see § 72. d}), f(ﬂ’lzg)(dlll% Let H-u'/z Then the head

lost is ecs and, since ﬁow through the

pipe in t e time cons'dered, the wvrk expen in friction is

—f(H/m)de dt. The change of kinetic energy in df seconds is the

difference of the kinetic energy of AsA% and AjA‘, that is,
(Wig)di| (u-+du)® — w2l /2 = (W/g) wdsudt = WdHds. &

The work of expansion when Dud! cub. ft. of air at & pressure
nd to Q(x+di ub. [t. Qpdudt,. But from
--n@/‘np. :nd tll‘ierdl::): € i Opds ue b

du/dp— —-orWing.
And the work done by expansion is— {er W/,
The work done by gra Ea on the mass bft)zgen Ao and A, is zero
if the pipe is honzontz an may in other cases be neglected without

great error. Thewor of the pressures at the sections AdA, is
8;1-?)0(.4 +du)dt
But from (30)
Pu =constant,
pdv+udp-o.

and the work of the preesures is zero. Adding together the quantities
of work, and equating them to the change ol kinetic energy,
WdHdt = = (cv W, f)dpdc—f(Hlm)Wdldl
dl’H- (W(P) Hm)dl mo,
dH/H+ ?+{dlln =0 W
But 100,
and

% mor'
He=w/zg= 0P,

~dH/H+ zﬂp/wwgdﬁﬂdllm =o. (42)

For tubes of uniforn section m is constant: for ttud¥ motion W

is constant; and for isothermal expansion r is constant. ntegratmg,
log H+¢ﬂ'p'le‘w+{llu-wnmu.
for I-o. H= H..ln p-p..
and for i, let H=H,, an
log (H-lHo)+(:ﬂ'/V\Por) (N— )Hiiim=o,  (50)

X.hmp.ut‘{\:gmmpmandﬁthekuud the flow is from
towards
By replacing W and H,

log(pe/pn ) +(gerfudpd) (12~ ')+ 31im =0, ©)
Hence the initial velocity in the pipe is
o =V {(ger(pt — 2O} pet(3hm +log (p/pr)} ) (¢}
When ! is great, log pe/p: is comparatively small, and then
sio = [(germ /S (p* ~ ") petl)s (7a)

a simple and easily used expression. For of circular
ncm [ -5/4. where d IZ the diameter:— pipes

(Proc. Inst. Cév. Eng. xliii.), show
g: air ﬂo\vm; along the tube is xuuch less than it would be in adia-

D: zmnlnal of the Steady Motion oj Air Flomng "
p at

sa= [(gerd/aghi(tn ~ )Wl (7
of LA
s = (1131907264 /) (gerd/atl). Ge)
§91. Coe of Friction for Asr.—A discussion by Professor
Unwin of the and Sabine on the rate of

ptnmeatl by Culleg

loug Pipe of Uniform Semou —When air
ure v, t
nds

P
pout r square foot and the density or 'mght per cubic foot G
1s given by the equation
/G =cr, [0

where c=53-15. Taking r =521, corresponding to a temperature of

60* Fahs,,
. 6r=27690 foot-pounds. (2) |
The of , which the condition that in
steady mot!on lhe same wqght of fluid. W, must pass through eath
cross section of the stream in

_ the unit of time, is

1 i ! :' GQu=W =constant, (3)

| ] U i where Q is the section of the

il f 4t = : pipe and u the velocity of

H ) i t air. Combining (1) and

ﬁ 5/W = cv = comstant, @)
4 4 g nce the work done(sb

vity on the air during its
Fic. 99- sov through a pipe due to
variations of its level is generally smail compared with the work
done bydchangts of ‘pressure, the fornier may in many cases be
neglecte:

‘onsider a short ltng\h & of the p'ig: limited by sections A, As at
& distance df (fig. pressure and velocity at A..
p+dpand utds t at Aa Funhu, supposs that in a vexy short

light c-men throu; pncumanc tubes, m which
there is steady flow of air not d by any

other than surface friction, furnished t'he value §=-007. The pi

wete lead pipes, shghtl¥ moist, r} in. (0-187 (t.) in diameter, an

lengths of 2000 to
n sdme experiments on the ﬂov of air through cast-iron pij
A. Arson found the coefficient of friction to vary with the v:lodtyand
diameter of the pipe. Putting
{mafptB. ®)
be obtained the following values—
Diameter of Pipe § for 100 ft.
in feet. e 8 per second.
1-64 00129 | 00483 -00484
1-07 100972 332.0 -:ggso
83 01525 | 00704 ~00719
338 -03 0094t “00977
*266 03790 | --00959 |  -00997
<164 . 04518 | 01167 -01212

lt is wonh wlule to try if these numbers can be expressed in the
Sro by Darcy for water. For a velocity of 100 {t. per
-econ and without much error for higher velocities, these aumbers
agree fanly with the formula ) .
14-3/10d)
which only differs from D-i'cy$| value for water in that the necond
term, which is always small except for very small pipes, is larger.
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Some Tater experiments on a very large scale, by E. Stockalper
at the St Gotthax::it’l‘unnel. agree better with the value

¢ =0-0028(1 4-3/10d).

These pipes were probably less rough than Arson’s. !

When the variation of pressure is very small, it is no longer safe
to neglect the variation or level of the pipe. For that case we may
neglect the work done by expansien, and then

=15~ u/Gs — $1/Cr — £ (+%/28) -Ufm) =0, (10)
recisel eﬂuivalcnt to the equation for the flow of water, z and z;
ing the elevations of the two ends of the pipe above any datum,
#s and ¢, the pressures, Gs and G, the densities, and v the mean
velocity in the pipe. This equation may be used for the flow of

coal gas. i

§ ggz. Distribution of Pressure in a Pipe in which Air is Flowing.—
From equation (7a) it rcsulta that the pressure p, at / ft. from that
end of the pipe where the pressure is gy, i

3
P=poV {1 —tlut/mgor 3 (1)
o peNAl)
for any given pipe with given end pressures. The curve of free sur-
face level for the pipe is, therelore, a parabola with horizontal axis.
Fig. 100 shows calculated curves of pressure for two of Sabinc's

which is of the form

experiments, in onc of which the pressure was greater than atmo-

-

eevand =

. t227F¢.
Fig. 100.

ese

spheric pressure, and in the other less than atmospheric pressure.

he observed ptessures are ﬁ!ven in brackets and the calcutat
pressures without brackets. The pipe was the pneumatic tube be-
tween Fenchurch Street and the Central Station, 2818 yds. in length.
The pressuresrare given in inches of mercury.

Variation of Velocity in the Pipe.—Let po, ug be the pressure
angévelocity at a given section of the pipe; p, u, the pressure and
velodity at any other section. From equation (3a)

up morW/Q=constant; .

so that, for any given uniform pipe,
- . up = i, .

: . u=sop/b; (12) .
which Eivas the velocity at any section in terms of the pressure,
which has already been dctermined. Fig. ‘101 gives the velocity

'ie 8 :

1 . ’
' H H H
i ' » ] M
' H ' H )
] i ) ' .
H H H H H
1 ; H H '
H ’ ' ’ H
8 A : H

L} T0ISFC sin L €3e0sl.  sesaRL
Fic. 101.

curves for the two experiments of Culley and Sabine, for which the
pressure curves have alrcady been drawn. It will be seen that the
velocity increases considerably towards that end of the pipe where
the pressure is lcast. i
§03. Weight of Air Flowing per Second.—The weight of air dis-
charged per second is (equation 3¢)—
i W = Quopuer. N
From equation (78), for a pipe of circular section and diameter d,
W dry {gd! (-t R},
=611 v{d ’—0?)1;171. (1)
-{130)

Approximately R
W = (-6916p0—-4438). (d*/5in)1,
§94. Application to the Case of Pneumatic Tubes for the Trans-
missien of Messages —In Paris. Berlin, Londan, and other towns, it
has been found ch to. in tubes
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| also from section to section. The

{FLOW IN RIVERS

than to telegraph by electricity, The tubes are laid underground
with easy curves; the messages are made into a roll and placed in
a light felt carrier, the resistance of which in the tubes in Lordon
isonly 3 oz. A current of air forced into the tube or drawn through
it propels the carrier. In most systems the current of air js steady
and continuous, and the carriers are introduced or removed without
materially altering the flow of air, .

Time of Transit through the Tube.—Putting { for the time of transit

from oto!, \
t= [,
F lecti , and putti; =d/4,
rom (o) neglecting s, ¥
From (1) and (3)
ueWes/p):
= gdiFpap/ e ‘
1= f ;l'xdﬂ’p’dpfz{\\"c’f', :
© - pd {61 Wiche$, !
& .2k "
S - o,
T N b AT N
If r=521°, corresponding to 60° F.,
1=-0014128iR (" = ") /L (B — pi7)7; {150)

which gives the time of transmission in terms of the initial and Gnal
es and the dimensions of the tube. .
Mean Velocity of Transmission.—The mean velacity is Iff; or, for

T=521°,
Umenn =0 708V [d (P = PN/ (D ~ ). (16)
The following tabic gives some results :—

1 3

P::.-Ess:}'g:cin Mean ‘l:'doc;‘:i_cs {‘ or Tubesof a

B per 5q. in. ength in feet.

o H 1000 | 2000 [ 3000 | 4000 | 5000
Yecuum{. .| 35 | 8 | 994|703 | 574 | 497 | 44'5
Working? . . 18 10 | 6721 47-5 | 38 333 307
Pressure § - :‘; :g Szg ;:-5 3g-7 37- 256
ing } * 74 -7 | 431 ] ar g
Working } - 3 | 15 54.7 8] B+ 83 1 i :3;'7’ i3

Limiling Velocity in the Pipe when the Pressure al one End is
‘:;m‘m‘: indefinitely—1il in the last equation there be put py=o,
then

.. ¥ waa=0:708Y (d[2]); .

where the velocity is independent of the pressure po at the other
end, a result whic! apﬁarcnlly must be absurd. Probably far lo
pipes, as for orifices, there is a limit to the ratio of the initial an
terminal pressures for which the formula is applicahle,

X. FLOW IN RIVERS AND CANALS

§95. Flow of Water in Open Conols and Rivers.—When water,
flows in a pipe the scction at any point is determined by the form
of the boundary. When it flows in an open channel with'free upper
surface, the section depends on the velocity due to the dynamical
conditions. . '

Suppose water admitted to an unfilled canal. The channel wilt
gradually fill, the section and velochty at each point gradually
changing. But if the inflow to the canal at its head Is constant,
the increase of cross section and diminution of velocity at each
point attaln after a time a limit. Thenceforward the section and
velocity at each point are constant, and the maotion is steady, or
permanent regime is established.

1 when the motion is steady the sections of the stream are s
equal, the motion,is uniform. By hypothesis, the inflow Qv is cons
stant for all sections, and Q is constant; thereforev must be constant

ecti case is then one of aniform seady

motion. In most artificial channels the form of section is constant,
and the bed has a uniform slope. In that'case the motion is uniform,
i?c depth is constant, and the stream surface is paraligl to the bed.
when steady motion is esl.}bluhed the sections are unequal, the
motion is stcady motion with varying vclocity [rom section to
section.  Ordinary rivers are.in this condition, especially where the
flow is modificd by weirs or > Short unohstructed
lengths of a river may be treated as of unifarm section without great
error, the mean «cctian in the length being put for the actual sections,

In all actual sireams the different fluid filaments have different
velocitics, thuse near the surface and centre moving faster thap
those near the bottom and sides, The ordinary formulae for the
flow of streams rest on a hypothesis that this variation of velacity
may be neglected, and that all the filaments may be treated as having
a common velocity equal to the mean velocly of the stream. On
this hypothesis, a plane layer abab (fig. 102) betwecan sections normal
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ta the direction of jon is d as sliding down the channel to
&'u'b’h’ without deformation. The component of the weight paralle}

to the channel bed balances the friction af
in cstimating the friction the velocity of rul
mean velocity of the stream.

ainst the channel, and
bing is taken to be the

HYDRAULICS

variation of the coefficient of friction with the velacity, propbsed a4
expression of the form

n_actual streams, however, the
velocity of rubbing on which the friction depends is not the mean
i sm . o3 } o5 o7 t 3
gt 001218 00944 | 0-00883

0-01035 0-00836

5 §=ea(14-8/), (5)
and from 285 experiments obtained (xr the constants the valves
&= 0007, : §m=0-1920. B
This gives the following valm_miﬂmnt ?:elocitiu:—
|
2 3 s 7 ) 18
0-00812 | @-90788 | 0-00769 | 000761 | 0-0075% | 0-00O750 .

velocity of the stream, and is.not in any gimple relation with it, for
. . channels of different forms. The
2 theory is therefore obvioualy based
on an imperfect hypothesis. How-
ever, by taking variable values for
the coefficient of friction, the errors

the ardinary formulae are to a
great extent neutralized, -and they
may be used without leading to
! ctical errors.  Formule have
stricted hypotheses, - but at nobh‘:ymmprm%lcﬁw

i lypot! " at present t are not ally so
teliable, and are more complicated than the formulie obtained in 1
the manner .

§ 96. Stead:

described al .
. ly Flow of Water witk Uniform - Velocity in Chammels o{
Constant Seclion.~—Let aa’, b’ (ﬁﬁ' 103) be two cross sections normal
to the direction of motion at a distance dl, Since the mass aa’bd’
moves uniformly, the external forces acting on it are in equilihrium.
Let © be the area of the cross sections, x the wetted perimeter,

F16. 103,

+-gr+-rs, of a section. Then the quantity mw=0fx is termed the
raulic mean depth of the section. Let'» be the meun: velocity
is taken as the common. velacity of ali the

or fall of the stream in feet, per foot, being

1
particles, ¢, the slope

In using this valie of § when v is not known, it is best to proceed
O ares and Basin's Expression for the Coeficient of. F
cy and Basin's ession for i . Friction.—

Darcy and Bazin's researches have shown that { varies very greatl
far different degr hness of the chanael bed, and that &
also varies with the
empirical expression

dimensions of the chanpel. They give for §an
(similar to that for pipes) of the form

. . twma(1+8/m); 6y
wifete m is the hydraulic mean depth. For different kinds of
channely they grive the following values of the coefficient of friction:—

Kind of Channel: « [ 2

oI Very smooth channels, sides of smooth
cement or planed timber . . . . .|lo00a94| o010

11. Smooth channcls, sides of ashlar, brick-
work, plan v e e 4 . 4, .1000373| 023

1IL. Rough channels, sides of .-rabble masonry or
pitc withstone . . . . . . .|lowoog71] o082
IV. Very rough.canalsinearth . . . . . 0-00539 410
V. Torrential streams encumbered with detritus| 0-00785{ 5:74

The last values (Class V.) are not Darcy and Bazin's, but are taked
from experiments by Ganguillet and Kutter on Swiss streams.
The following table very much facilitates the calculation of the

mean velocity and discl of channels, when Darcy and Bazin's
value of the coefficient of friction is used. Taking the general
formula mean ty already given in equation (26) above,

. o=y (mi), i
where cary (2¢/1), the following table gives values of ¢ for channels
of differedt degrees of roughness. and for such values of the hydraulic

mean deptha as are likely to occur in p ulations r—
Values of ¢ in v wcv (mi), deduced from Darcy and Bazin's Values.

thsl'hn:io k% f acting ‘5 parallel to the of
L exte! oreea on ag’ to directi
wotion are three—(o). The pressures on sa’ and 8/, which are
equal and opposite sjnce the sections are equal and similar, and the
owean pressures on each arc the <ime.  (3) The omponént of the
weight W of the mass in the direction of motion, ncting at its centre
of xuv:‘:{‘f‘. The weight of the mass aa’sb’ is . 0d}, and the com~
ponent e wesght in thedircction of motion is C:0diX the cosine of
gw angle betwoen We and ab, that is, G/ cos 8¢ =GOl bejab=
Qidl,  (¢) There is the friction of the stream on the sides and
bottom of the channel. This is proportional (v the atea

rubbing surface and to a function of the velocity. which

written f(r); f(v) being the (riction per sq. [t.at . velocity v.

e friction is —xdi f(v), Equating the sum ol tie forces to zero,
B G dl —xdl f(v) =o,

i} ol
oo

(9)/G = sis, k= uii. (n
But it has been already shown (§ 66) that f(v) ={Ge*/2¢,
S pPf2gmmi. (2)

This may be put in the (orm ' )
vy (2g/3)V (mi) e (mi); (20)
w;'hcre ni is a coefficient depending on the roughness and form of the
channel. -

The coefficient of friction ¢ varies greatly with the degree of
roughness of the channcl sides, and somewhat also with the velocity.
It must also be made to depend on the absolute dimensions of the
section, to climinate the error of neglecting the variations of velocity
in the crous section. A common mean value assumed for { Is 0:00757.
The range of values will be diacussed presently.

It is often convenient to estimate the fall of the stream in feet per
mile, Instead of in feex per foot. 1f f is the fall in feet per mile.

© f=s52801. )
value of § in (24), we get the very sim,
for the mean velocity of":

. vor {1V (amf). (&Y
The flow down the stream per second, or dischasge of the stream,
" oafictent e o ammele—Varhous
. . G Fricli — .
prc‘S?i’nm have bce:I prono:tog {:: |bg”::ocﬁcinmt of f:ir.t::\ ?:r

Pu&ling this and the above >
and long-known approximate fotinula
stream—

channcls as for pipes. Wcisbach, giving attention chiefly to the

o | g4 , '! e g s { .4 . . . §

3 LB L3883 (k0 2, (B 4B 45158
B LT i
i3 i e A N &5 Hi35
G gagae AAEH ﬁ 3 g

>

0 R R
> > 1

251125} 951 57| 26 | 18-5 )| 8-5| 347 130] x12} 8o] ..
»5 |s35|110| 72] 36 | 256 |{ 9-0]147]130]| 112} g0} 71
95|1390| 116} 81| 324308 |} 95{147] 130} 132] 9O} ..
10 |141)119) 87) 48 | 34-9 |{ 500 | 147 | 130{ 122} 98} 72
1-8 }143]1224 94) 56 | 41-2 | 11 147130 113} Q2% ..
20 144112 03 .62 12 4711301 113] 93} 74.
25 ligs)r26f o1} 67§ .. 13 {147 330) 113} o4} ..
30 |145[126] 104} 70 | 53 t4 |147|130] 113 gz .
35 | 146 l‘g 105173 { .. 1 147 | 1301 314 77
40 |146(1 106| 76 | 58 1 147] 130 114] 97] ..
‘45 |146]128] 10 gg .. 1 147} 130 114 9; .
50 |146]128( 1 62 1 147 | 130[ 114 98] ..
55 [146]1204109]} 82 | .. 20 |i147{138] 114} 98} 8o
60 |[147]120{110] B4 | 65 28 {148]131]115] 100} ..
65 [xa7)129]s10] 851.. [I-30 (14811311 13§| 102] 83
70 [147|120]| 110} 86 | 67 40 148|138 | 116{ 103} 85
7S [147|t29| 111} 8 .. 50 | 148 131] 116] ¥ 86
8.0 '147|130| 112 | 88 | 69 @ 148|131 | 117] 108 91

§ 99. Ganguillet and Kutler's Modified Darcy Formule.~Starting
from the gen expression omcymi, Ganguilfet and Kutter
examined the variations of ¢ for a wider variety of cases than those
discussed by Darcy and Bazin. Darcy and Bazin's experiments
were confined to channels of moderate section, and ‘1o a limited
variation of slope. Ganguillet and Kutter brought into the dis-
cussion two. very distinet.and. impoctant.additiodel series of results.
The gau, 3::5‘ of the uslmpfn hLA. A. Humphreys and H. L
Abbot data-of discharge for the case.of a stresmn of exception-
ally farge section and of very low slope. On the other hand, their
own measurements of the flow in the regulated channels of some
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Swise torrents gave data lovamin which the inclination and

of the lly great. Darcy and

s experiments alone were conclunve as to the dependence of

the coefficient ¢ on the dimensions of the channel and on its rough-

ness of surface. Plotting vnh:ehn‘ of ¢ for channels of dnhf:er.\le:;e in-
1i dont

the stream.  Taking the Mmmppl data only, they found

- 's
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and Culvert Tables, lmdon 1878). To lessen calculation he puts the

formula in this focrm
M =n(41-64-0-00281ft);
= (Vm/n)[(M+1- 3")/(M+\Im)hl(nf)

of Th:rollamngublegwanneleczmnnluluudbl taken from

Jackson’s tables:—

£=236 for an inclination of 0034 per tlwunnd = Values of M for s = j
=154 » , - " : o-o1o | 0-012 | 0-015 | 0-017 | 0-020 | 0025 | 030
20 that for very low inclinations no con-untval of ¢ ind -
of the dope would furnish values of the disc In small | | 00001 | 3-2260 3-8; 48390 5-4842 frtﬁg 8-0650 | 96780
rivers, on the other hand, the values of: vary little with the slo, -00002 | 1-8210 2-7315 | 3-0957 | 3- 4-5525 | §-4630
As of the sides of the channel a m 1-118% lggn» 1-6777 | 1-90o14 {22370 | 2:79621 3-
dnﬂcmnt law holds. For very small channels dlﬂ'mnea of rough- | I 0-8843 1-3264 | 1-5033 | 1-7686 | 2.2107 | 2-6529
ness have a great infuence on discl , but for very large | | -00008 | 0-7672 3206 1-1508 } 1-3042 | 1-5344 | 19180} 2-3016
dnn-clsdcﬂ'uentdemo( ness have tlm!emﬂueme -nd 00010 {06970 { O- l-oggg 1-1849 { 1-3940 { 1:7428 | 2-0910
for i uence of di erentdegma ~00025 1 0-5284 0-6341 0-7 0-8983 £ 210568 | 1-3210 1-5853
h be d to vanish. coefficients given ‘by | | 100050 | 0-4722 ] 0-5666 | 07083 | 0-8027 | 0-9444 | 1-1805 [ )-4166
Darcy and B;xmuedxﬂetelt for each of the classes of channels of | | -00075 | 0-4535 | 0-S442 | O- 0-7709 | 0-9070 | 1-1337 | 1-3605
different roughness, even when dimensions of channel are | [ ‘00100 ] 0-4441 | 0-5329 | 0-6661 | 0-7550 1-3102 [ 1-3323
infinite. But.nnmu:m:lum:teJr bablk t the infl of the | | 00200 { 0:4300 | O-5160 0-6430 ©-7310 } 0-8600 | 10750 | 1-2900
nature of the finil tbe hannel is larger, | | ©00300 {04254 | 0-5105 | 0-6381]0-7232 | 0-B508 | 1-0635 | 1-2762

es
this must be rqardcd as a defect in their {ormuh

Comﬁnnx streams ia
Switzerland with those of Darcy and Bum Ganguillet and Kutt.er
found that the four clasees of coefficients lgvg‘ln:y and

our

A difficulty in the use of this (ormulz is the selection of ‘the co-
efficient of mu.hnen. The difficulty is o?:ehe which no chovy will

beds i '_ ible, For.chamaela lined with timber or mmy the

o proposed
Bazin were insufficient to cover all cases. Some o(the
gave resuita which showed that the roughness of the bed was
markedly gmtet than in any of the channels tried by the chh
enginoers. It 24 in _adop the plan of
nrranging d)e dnﬂemt h ls in cl similar
nllynnaddmoml

of
the ber of classes.
class was mquamd for channels obstructed by

To obrain a new expression for thecneﬁuen:mm(ormh
v-v(zzm\f(ﬂf) =y (mi),

c=ef(148/vm)
could be made to fit the experiments somewhat better than Darci’s
expression.  Inverting this, we get

1cwtjad-Blaym,
an ti wnm-u;ht ha; 1/¥ym for abscissa, 1/c for
ord:e:n“t:, o:d inclined to s ofva‘gs‘um.:t an :nzle the u{:zent
o hu’lt pe-uneaulvzh of t/c and 1/¥m, the point
Plotd t ex es 1/c », s 80
found indicated a curved rather than a t line, s0 tbzﬂ must
depend After much comparison following form was

i wtﬁuu:-ﬁendm“/: b S the
[ t ouly on t! d
the chnnel. and A i ngev Z«m nhfed which
remaias to be daw'mned. From what has been already stated, the
¢ depends on the inclination of the stream, i
the slope § increases,
Aw=a+t-pli.

c-(o+ll~+9li)!h+(4+ﬂ")-l4~l.

1 on &«
 at—

unt. The constants in that case are few and

sufficient! deﬁned. But in the case of ordinary canals and rivers the

case is different, the coefficients baving a much greater range. For

canals in rammed ecarth or gravel 8 varies from 0-0163 to

0-0301. For natural channels or rivers » varies from 0:020 to o- 03%.

In Ju: loplnwnevenl(utterh: 4 -Hngc‘nl nels

ang prop for arti cal
Iaiwngch-ﬂ:mn— -

I.. Canals in very firm gravel, in perfect order

II." Canalsin earth, lbo‘vr:the average in order

11I. Capalsinearth,infairorder . . .

#=0-02

1V. Canals in earth, below the avéragein inorder n =0-0275
V. in earth, in ratherbad order, partially
guergrown with weeds and ob‘macdby}n =0-03
tritus .

let and Kutter's lormula has been considerably used

Iy miu-dnptmnmulcu n?- les for tion work in
ndu. Butltnauemﬁnalorm of an unsa form.

Some engi &:uunly have lnumed _that becaose it is com-
plnud it must Com-

rison with the results of pugmp lhmn dnt this is not the case,
ﬂ:m'"d expen-enﬂ't 16 00 the Mississ; “tnd there s strong
:t'son(or . tlz-ecnruydtheutegz'a. . .
100, Basin's in q y
all the trustworth: qn' o(ﬂowinchnneuundpmpond‘ ¢ [
nodiﬁuxiouolu;{gi urDuw formula which a to be
more satisfac than any-hitherto su ( une moxvelle
Jormsde, Paris, 1898). He points out tDurq/- formula,
Thichiealthe &’.’Ir."'"l'uﬁ.m‘“"" b Tl o otjecton
Al as 5 W) ts on ‘I!
:It that i{ m increases inde ntcly the imit towa i

tends is different for diferent values of the mughneu h would
scem that if the dimensions of a canal am indefinitely increased the
variation of resistance due to

8 roughness should vanish,
ﬁt',E::l‘ilh helt::s ‘Thc eoeﬁcxent of mu:rhn‘elseul:lf;u‘:g ?o?ir; This objection is met if it Is assume: that v (mi/ef) =« 5/vm,
from 0-008 to 0 for either metrical or English measures. sothnlfallaeunntm tends to the limit ¢ when »l increnses,
The most practitally mﬁvalm of the t hness w | A very the results of!gaugmgn shows that they
are given in the following table: ~ g can be &x‘mﬂ more --tln,nfactonlxe is new {ﬂuh trl::ln by
Sid aoguillet and Kutter's. Putting ¢ uation in the form {v*f2g =
Nature of of Channel, mt ﬁ mi, [ =0-002504(1 +7/vm), where v has the following vnlueo—‘
planed . . . R I. Very smooth sides, cement, phnedphnk 1- o109
Gt pmﬁmw - L ! oo 1L Roooie ooy i T oon
d mt%“‘“ ‘m.d R 33}; 1V, Sides of very smooth earth, upxtchmg L. 1839
A.{h kwork, . . . . . . . . 0033 V. Canalsin earth in ordinary condition . . . 2.3
Canvuonlmne. e e e e e e v e . oor§ VL Cagalsinearth exceptionallyrough . . . 311
Rubblemasonry . . . . . o017 § 101, The Vertical Velocity Curve~1f at each t along &
RREETEINL, fod oo ooy | S T o Lt D
t , frec from stones t Y. curve the vert
mea camhm ° °r o-02§5 mty curve and it has been y many observations that

R:ven and a‘mh in moderately “order, nat
Ry ‘ma'::l‘n‘m bad order, with lueda nd 0038
detntus

pbered with detritus - . 0080
th‘uﬂlet and Knmr’- formula is 90 cumbrous that it iy difficult
% use withoxt the aid of ubhs

lu:ilm(mg the use of m Ganguillet lnd Kutter !ormuh (Caml

it approximates to s mbola with bonxonul axis. The vertex of
the parabola is at the level of Lhe test velomy Thus in fig. 104
OA is the vertical at which velocities are observed; v, is the sur-
face; v, the maximum and sy the bottom velocnty B CDis the

vertical wlou_t‘yh:urve which with a having its
vertexat C. mean veldcity at the vertical is
O = 120, 400 4+ (du/d) (0 ~v0)).

The Horikontal Velocity Clbz ~Similarly if at tach point a! s
horizontal representing the width of d\e“mum the vdodtm



AND CANALS)
lotted, 3 curve is obtained called the horizontal velocity cueve.
In of sy ical ion this is a curve symmetrical about

the centre line of the stream. The velocity vares little pear the
centre of the stream, but very rapidly near the banks. In un-

A 3 ymm . the g
wvolocity is at the point where the
T stream is deepest, and the gemeral
| * form of the horizontal velocity curve
wopegetrecea o tleane . is roughly similar to the section of
' the stream.

§ 102. Cwrees or Conlours of Equal
Velocity~I1f velocities are t%:rved
et a number of points at different
widths and depths in 2 stream, itis
possible to draw curves on the croes
section throogh points at which the
velocity is the same. ese repre-
sent contours of & solid, the vol

!
1
o d
\
i

oo
4
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of the velocity at and near the free surface js that portions of water,
with a diminished velocity from retardatlon by the sides or bottom,
are thrown off in eddying masses and minglé with the rest of the
stream. eddying masses modify the velocity in all parts of
the stream, but have their greatest influence at the free surface.
Reaching the free surface they spread out and remain_there..mingling
with the water at that level and diminishing the velocity which woul
otherwise be found there.
) nﬂnu;.sax of the Wind on the Depsk at whick the Maximum Velocliy
s found.—In the gaugings of the Mississippi the vertical velocity
curve was found to agree well with a parabola having a harizontal
axis at some distance helow the water surface, the ordinate of the
rabola at the axis being the maximum velocity of the section.
uring the gaugings the force of the wind was on a scale
ranging from o for & calm to 10 for a hurricane. Agranging the
velocity curves in three sets—(1) with the wind blowing up stream,
(2) with the wind blowing down stream, (3) calm or win blo\ving
ac tream—it was found that an up-stream wind lowered, an:

2
of which is the discharge of the

a dowri-stream wind raised, the axis of the parabolic velocity curve,
In"calm weather the axis was at yyths of the total depth from the

- Fig. 104. siream .per second.  Fig. 105 shows
the vertical and horizontal velocity curves and the of

equal velocity in a rectangular channel, from one of Bazin's

gaugings.
103. Experimental O ions.on the Vertical Velocity Curve.—~
A prel?minary difficulty arises in abserving the velocity at a given

point in & stream because tbe velocity ra motion
not being strictly steady. If an of al velc at the
same point is taken, or the average veTocity for a sensible period of

time, this average is found to be constant. It may be inferred that

idly varies, the

e

[

A T

o mete seme me

2
3
2.
&
4

v1] Vertica) Velocity
A Curves L

FiG. 108,

though the vcbcitz at a point fluctuates about a mean value, the
fluctuations being due to eddying motions superposed on the general
motion of the stream, yet these fluctuations produce effects which
disappear in the mean of a series of observations and, in calculating
the volume of fow, may be disregarded. .

In the next place it is found that in most of the best observations
on the velocity in streams, the greatest velocity at any vertical is
found not at the surface but at some distance below it.” In various
river gaugings the depth d, at the centre of the stream has been found
to vary from o to 0-3d. ..

§ t04. Influence of the Wind.—In the experiments on the Missis-
#igpl the vertical velocity curve in calm weather was found to agree
fairly with & parabola, the greatest velocity being at Jhths of the
dcpr.{i of the stream {rom the surface. With a wind blowing dowa
stream the surface velocity is increased, and the axis of the parabola
approaches the surface. On the contrary, with a wind blowing up
stream the surface velocity is diminished, and the axis of the para-
bolka is lowered, sometimes to half the depth of the stream. The
American observess drew from their observations the conclusion
that there was an encrgetic retarding action at the surface of a
stream like that due to the battom and sides. 1f there were such
a retarding action the position of the filament of maximum velocity
below the surface would be explained. K . .

It is not difficult to anderstand that a wind acting on surface
ripples or waves should accclerate or retard the surface motion of
the stream, and the Mississippi results may be accepted so far as
sbowing that the surface velocity of a stream is variable when the
moan velocity of the stream is constant. Hence observations of
surface velocity by floats or otherwise should only be made in very
calm weather. But it is very difficult to suppose that, in still air,
there Is a resistance at the free surface of the stream at all anatogou:
to that at the sides and bottom. Further, in vety careful experi-
ments, P, P. Boilcau found the maximum velocity. though raised a
little above its position for calm weather, still at a considerable
distance below the surface, cven when the wind was blowing down
stream with a velocity greater than that of the stream, and when
the action of the air must have been an sccelerating and not a re-
tarding action. A much more probable explanation of the diminution

rface for all conditions of the stream.

Let &’ be the depth of tbe axis of the parabola, m the hydraulic
mean depth, f the number expressing the force of the wind, which
may range from+-10 to—10, positive if the wind is up stream

negative if it is down stream. Then Humphreys and A%bot find
their results agree with the expression -

K /m =0-317 %0-06f.
Flg. 306 shows the parabolic velocity ‘carves according to the
American abservers for calm weather, and for an up- or down-stream
4.

wind of & force represented by

Fi16. 106,

It is impossible at p to givea th I rule for the vertical
velocity curve, but in very man ganzmgs it has been found thit a
rabola with horizontal ‘axis fits the observed results fairly well.
he mean velocity on any vertical in a stream varies from 0-85 to
0-92 of the surface velocity at that vertical, and on the average if v,
is the surface and v the mean velocity at a vertical v, = #v,, a result

useful in float gauging. On any vertical there is a point at which
the velocity is equal to the mean velocity, and if this polnt were
known it would be usefu! in gauging. Humphreys and Abbot in

the Mississigri found the mean velocity at 0-66 of the depth: G, H. L.
Hagen and H. Heinemann at 0-56 to 0-58 of the depth, The mean
f observations by various observers gave the mean velocity at from
0587 to 0-62 of the depth, the average of all being almost exactly
06 of the depth. The mid-depth velocity is therefore nearly equal
to, but a little greater than, the mean velocity on a vertical.
Ve is the HIld-df})lh velocity, then on the average vy =0-980pa.
xlos. Mean Velocity on a Vertical from Two Velocity Observations.
—A. ]."C. Cunningham, in gaugings on the Ganges canal, {found the
following uscful results. Let v, be the sarface, v the mean, and
ss the velocity at the depth xd: then
V™ i(v.-i-}hm)

= { (.4 v.m9).

§ 106. Ratio of Mcan to Greatest Surfacé Velotity, for the whole
Cross Section in Trapezoidal Channels.~—It is often very important
to be able to deduce the mean ve!oei?«. and thence the discharge,
from tion of the greatest surface velocity. The simplest
method of gauging small streams and channels is to observe the
greatest surface velocity by floats, and thence to deduce the mean
velocity. In general in streams of fairly regular section the mean
velocity for the whole scction varies from 0-7 to 0-8s of the greatest
surface velocity. For chansels not widely differing from those
experimented on by Bazin, the expression abtained by him for the
ratio of surface to mean velocity may be relied on as at least a good
approximation to the truth. Let v, be the greatest surface velacity,

vm the mean velocity of the stream. Then, according to in,
Vo =0, =254 ¥ (mf).
But T = (mi),

where ¢ is a coefficient, the values of which have been already given
in the table in § 98. Hence

T =¥/ (¢ +25:4).
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Values of Coefficient c[(c+25-4) in the Formula tu=cv,/(c+25-4) .

);2:"* Very Smooth Rough | Ve W Qa-nnk
- .’m Channels. | Ashlror | Rubble | Canakis with
Cament. Brickwork. | Masoary. Earth. Detritas.
025 -83 79 69 *51 42
0§ . 81 7 58 B
o-7§ g: 82 73 63 3
10 8% . 77 65 E
2-0 .. 83 gg 7t
30 . . E 73 67
40 . . -8t . 72 70
-0 . .. . . 71
Q0 . -84 .. 77 72
-0 N e .e 78 73
‘0 . . .. . ..
90 . .s 82 .. 74
100 . . . . .
150 . . .. B
200 : i Sl R
30-0 .. . 82 . 77
500 . .o . . ..
() . -79

§ 107. River Bends.—In rivers flowing in alluvial plains, the wind-
ings which already exist tend to increase in curvature by the scouring
away of material from the outer bank and the deposition of detsitus

HYDRAULICS

(FLOW IN RIVERS

general mass of water must flow Gutwards totake its place. - Fig. 107
shows the directions of flow as observed in a small artificial siream,
me:b? of lig!at uee;h and specks of aniline dye. The lines CC

8| of in contact with the sides
and bottom. The dotted line AB shows the direction of motion of
Boati:% p;mda on

; o o ey when fewg at different D
1 o River g ab different Depths.—
When lmqmmhm must be made on the flow of :u:-ivet
or canal, the depth of ‘which varies at different times, it is very
convenient to have to observe the depth onlyn A formula can be
established giving the flow in terms of the depth. Let Q be the
discharge in cubic feet per second; H the h.of the river in some
stnl':%hz and unli,f:r[m part. Then Q=gH {-bH?, vh;e 5:‘; constants
a a must lound K;elnmmry erent con.
ditions of the river. Mle, oquerey fofu.nlfh"‘r' 1t of the u
Sabne, Q=64-7H+8:2H? in metric measures, or Q =696H :#-zcgl-li
in English measures.

§ 109. Forms of Section of Channels.—The simplest form of section
or ch is is lar or pearl¢ semicircular channel (fig.
109), a form now often adopted from the facility with which it can be

i

H %

' H
ERE ) Poviand Comend 01
Y »1% e Plasters”™ .7/

along the inner bank. The till a
loop is formed with only a narrow stri? of land between the two
encroaching hranches of the river. Finally a * cut off " may occur,
a waterway being o, through the strip of land and the loop
left separated from the
stream, forming a horse- Fi6. 109
oe lhaged’ goon or "
marsh. Profes ames din It has the advantage that the rubbing surface
Thomson point out | is less in rtion to the area than in any other form.
{Proc. Ra; Soc., 1877, Wooden channels or flumes, of which there are examples on a
. 1565 roc. Inst. of §large scale in America, are rectangular in section, and the same form
lech. Eng., 1879, p. 456) [ is ‘adopted for wrought and cast-iron aqueducts. Channcls buile

that the usual supposi-
' tion is that the water
{:Ntending to go forwards

’/ )3’ in a straight line rushes
P H A ;

against the outer bank
and scours it, at the
same time creating de-
its at the inner bank.
at view is very l;ar
front a complete account
of the matter, and Pro-
fessor Thomson gave a
¥16. 10 much more ingenious
- 107. account of the action at

the bend, which he completely confirmed hy experiment,
When water moves round a circular curve under the action of

e

vity only, it takes a motion like that in a free vortex. Its velocity
is greater parallel to the axis of the strcam at the inner than at the
outer side of the bend. Hence the scouring at the outcr side and
the deposit at the inner side of the bend are not due to mere difference
of velocity of flow in the general direction of the stream: but. in
virtue of the centrilugal force, the water passing round the bend
presses outwards, and the free surface in a radial cross section has
a slope from the inner side upwards to the outer side (ﬁi. 108).
For the greater part of the water flowing in curved paths, this
difference of pressure produces no tendency to transverse motion.
But the water im-
mediatcly in contact
— With the rough bot-
tom and sides of the

nncr Bank

with brickwork or masonry may be also rectangular, but they
are often trapesoidal, and are always so if the sides are pitched
with masonry laid dry. In a trapezoidal chaanel, let & (fig. t10)

- F1c. 110,
be the bottom breadth, 3, the top breadth, d the d

th, and fet
the slope of the sides be w horizontal to 1 vertical. Then the area
of section is Qe (b+nd)d = (by-~nd)d, and the wetted perimeter
x=b+2d ¥ (m+1). .

When a channel is simply excavated
originally t idal, though it b
course of time. The slope of the sides then depends oa the
stlbility' of the 5:nh, a slope of 2 to 1 being the one mont

in earth it is always
more or less rounded in

channel is r ded
and its contrifugal
force is insufficient to

e,

s balance th
Sectionat AN, duemtzn tlfe m‘::
FiG. 108. depth at the outside

of the hend. It the
fore flows inwards towards the inner side of the bend, i

y adop

Figs. 111, 112 show the form of canals excavated in earth, the
former being the section of & navigation canal and the lattes the
section of an irrigation canal,

§ 110. Channels of Circular Section.—~The following short table
facilitates caleulations of the discharge with different depths of water
in the channel. Let r he the radius of the channel section; then
for a depth of water=ur, the hydraulic mean radlus is »» and :}:

with it detritus which is deposited at the inner bank. on- | area of section of the waterway o8, %, 8, and » have
jointly with this flow inwards along the bottom and sides, the | following values:—
Depth o ouet indocfoe fos |aa fas |ao [o5 [0 [as |ee [as [.0 Jss |20 o5 [oe 25 {20 |85 {00 fos 1o
L -"‘;‘;mﬁ‘“‘ »=|.00668 | 32| .0o5n3] 0063|1278 1574 | 1852 | .2t4a].242 [ 260|203 ] 320 | sasf361] 387 | «o8 [ 420 .as0 | 406 | 43¢ | .500
Wm&mmd% » =1 00189 | 0211] 0308 .1067|.3651|.238 |.204 | 370 |.a50 {.532] S14} .700] 705|885} .0r0 {tovs]avrs[1.276] 1 33t [ 2490 ] 2512
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helgmbmdﬂut.:inne(or

variable; udﬂuaht t Babili lordeponutohek(twhen
the flow ia amall, whlch::-notnm? ved during the short

a gwen discharge 0o #x. other thi
will belem-f;s'

b lemel

whentheﬂovulargr. sewer in
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To obtain umform scouring action, the velocity of flow should be
constant or nearly so; a complete uniformity ol velocity cannot be
obtained with any form of section suitable for -eueu. but an ap-
proximation to uniform velocity is obumed by making the sewen
of oval of oval ha

section. Various forms ve been au 5
simplest being one m

H which the radius of
¢ 4 crown is double the radlua

o the iaven, qnd

thnrdu the Eh
aectmn a lewer
is shown in ﬁ¢ 113, tge
¢
B - ﬁaum being proponwml

a buz Prabhu: on

n whick the
Flow s Sleady and _al
Uniform Vdacdy—’l‘he
ﬁneﬁl equntlom given

{"-(,t-l'ﬂlvl). §§

tv/ag mms;
ion of stream and di%

. . Qe=0r,
Problcm I —-Given the mnwene

charge. lhfe. dimcn of the section |
ﬁndﬂudm, from ﬁndr,fmm Q)ﬁudv.udhnlyfmm (2)

Pnblcm II.—Given the transverse secti
discha Find v from (2), then Q from (3)
Pr and either the

111 —Given t e discha and :lope
btmdth. depth, or gme form of r&e section of the channel, to
its ‘This must g;nerall be solved

bgglkproxhanm A brl?g:: or depth or re chosen, and

t.hn the given duchuze
the dimensions are reduced and the di

Since m generally between the limits s =d and m = id where

d is the de h o( the stream, and since, moreover, the welocit

r:elu\/ m) sq that an rmtlwvnluco(mlcadsonwwamuc
etfror in the value of t velocity calculated from it, we may
moeed thus. Assume a v:lue for 'm, and calculate 9 from it.
be this first approximation tov. Then Q/v, is a first approxi-
mmcn lo 2, say 8. With this valae of Q domgri the section of the
3 calculate & second value for m: calculate from it & second
value of v, and from that a

4 ] " 7 second value for 8. Repeat
¢] . the process till the succes-
4 < E sive values of m approxi-

mately coincide.
§ 113. Problem IV, Most

on and slope, to find the

Nidoess A

5 }iamomwafs_ 5:'3 of Chasﬂnd
iy
FiG. 114 he channefpfn to &

trapezo;dal in ‘::ctuin fig. 114). alnd"othn tf :hsxdu are t& have a
ve 'y t ! tudinal -] e stream ven,
g nd‘lltgpe evz& ty. hpﬁomte number of chamnncli

& Catting
gwen. --.%g.(,:.:'...-zj-‘j'. .-.,!

width of the chiannel, and let t!
sides sl uhodlonnltolverucd
(6g. xu thea *

=(b+rd)d;
. t-b-}-zdd(-*-l—x).
Both  and x 4re to be- minima
Differeatiating, ‘and equating to
sero.

(dbldd +n)i+b+ﬂd =0, :
dd 439 (w*+1) =0; !
dmhlﬁng db/dd,
is—z\l (B +10)d+d+ndmo;
' 3V (8'+1)—n)d.

Bue
1 Ofx = @+nd)dfib+24Y (it+1)).
" Inserting the :pne of b,
u-nlxnlzdd 41)~nd}f
¥ 45) —2nd
V{nt+1) nd’e !qld.

that has
thelennvettedptnmeter Letdbethedepthnndbthebonon

i construction gives the
form -o?pthe <chanael whit':lh fulls

 this eondluon. for it can be shown that when m=id the sides
‘channe) sendicircle

‘of the are tangential to a drawn on the
water line.

Since a/ s ‘
therefore idey ®

Let ABCDl:e'tEe chnnne!lsﬁg us). from E the centre of AD drop

AB=(CD=a; BCw=b; EF-EH-c-udEG-d.
Qwarea AEB+BEC+CED
wac4§bd. .
x=20+ -
Puttiag these values in ()

ac+ibd=(a+43)d; and hence c=d.

FiG. 118,

That is, EF, EG. EH are all equal hmce mnmtcle struck
from E with. to the depth dthesuumwmpau
trugh Fand W 120 —
tangeatial to
th:gcehnnncL i =

T draw the chamnel, b a oo .
describe a eemicircle on B s .
a horizontal line with é H

radius =depth of channel. >
The bottom will be a FiG, 116.
horizontal tangent of that
:lemnurcle. and the sides ungenu drawn at the required side
0]
e lbove result may be obmned d;un (fig. 116)~

x=b-+2fn B, LW
Q/dmbdd cot B; 2)
nli‘-ild-i-mtﬁ )
From (1) and (2),
x=0/d—d cot 8+2d/sin B.
This will be a minimum for

dx/dd =Q/d*+cot f—12/sin f=0,
or Q/d* =2 cosec. B—cot B
d =y {Qsin B/(a—cos 8)).
an (3) lnd (4),

bldw2(1 —euﬁ)}-!n ﬁ-b tan M.

@
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nd
h?nlmqf&uudsj _‘.Mmjnm‘&naﬁ
- Ares of seclionm=Q.

Inchioation | Ratle ot frag wds =
Tne | | | e e
Se: hengm 60* o "s;;ﬁ °.lisl “OJ
mi- 3 sz (81 2-31
Semi-square .{90° o o :1I P 2d 24
78° s8° 11 :4 |1-812d* |1 562d] 2-062d
63: 2:: 1 2 |~73$ |-336d 2-236d
<2 | 175 2
455: 45 f :? 'Zzsgs o-a:add zﬁsg
1}:1 | 19 0-702 202
33' 4 li:l 2-306d* | 0-606d gw
® 44’ | 18:1 | 2-2824* | 0-532d | 4-032d
2.4,
“l2 :t z-gnd' 04724 | 4-472d
a3° 33' a} i1 | 26748 |0-424d | 4-924d
a7 48’ {24 :1 | 2-885d" | 0-385d 5-3854
197 58" |28 :1 | 310447 | 0-354d g S54d
18 3 :1 | 3-325d4° | 0-325d| 6-325d

Half the top width is the length of each side slope. wetted
wx:!pwnthemmolthetopandbmwmmd:h

inq. Form of Cress Sectiom of Channel in whick the Mean Ve
Consient Varying .—In _designing waste r.'unnc .
lronanah.nndinlome cases, it is desirable that the mean
vdodty should be rmued vlthm narrow hmlt- ‘mh very different
of d In of I form the veloci

ty
lmnddmubumtbdudmﬁuge. Hence when the
discharge is large there is dan| u( . and when it is emall of
silting or obstruction by A theoretical form of section for
whi thenmnveloutywonldbcmnstmtunbefoundmd.

although this is not very suitable for practical putposes, it can be
I"'hleunp'pl-oth '3mncmzlchxnndl.p
represent theao-acgouo(thechund. From the
1 need be

Letﬁ;v

FiG. 117,
Let obac be an: itahle for the mj flow, and let it
berequuedto ndtbemmebcgfoctheupper of the channel
20 that the shalt be constant. Take o as origin of
el
mbf2; dem=y, fg= - -y egm
The condition to be’ut‘nﬁ{d %t = ¢

vmey (m')
should be constant, whether the water-level is at o, de, orfg.
sequently

meconstant =
l‘orbsll&mmudmbefmndtromtheucdonm Hence
Increment of section

uson
ncrement of perimeter . ds
st m st m k(dr* +-dy") and dxebdy] ¥ (A~F)..

Integrating, .
x =k loge [y+ V() ~4%)) +constant ;
and, since y=5/2 when x=0,
x=kloge lly+ v (P=E A+ (1B~10))
.3:umin¢ values for y, the values of x can be found and the curve
Wi

ke S e b dn b o el e g scion o
W] a t. noe Am2; dmg3;
n;::‘lﬂ‘:twmn(dthendtd%pnumka;le. Pomon

STEADY MOTION oF WATER I OrEN CHANNELS OF VARYING

Cross SECTION AND Store

Sus. In every the disch of which is may
bé regarded as constant for the time considered, the velocnty at
different places depends on the of the bed. Extepl at certain

exceptional points the veloci | be greater as the slope of the
bed 1. grentep: and, as el ty :nd cross section of the stream
vary y, the the will be least w
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velocity and slope are greatest. If n & stream of tolérably dnNorm
t[()pcan obst ruction such as 2 weir is built, that will cause an altera.
tion of flow simitar to that of an altération of the slope of the bed
for a greater of, less distance above ‘weir, and the originally uni-
form cross scction of the stream will become & varied one. In'such
rases it is often of much ptacnul impostance to determine the
longitudinal section of the
he cases now mllbethmeh'hchtbechguud
velocity and cross section are gradual and not abrupt, and in which
the onfy internal work which needs to be taken int ancount is that
due to the (riction of the stream bed, as in cases of uniform motion.
Further, the motion will be supposed tobemnx , the mean yelocity
at each given croes ough it varies from
section to section along the course of the stream,
Let fig. 118 repmnntnlongtudmnlmmdtbe stream, AsAy
being the water surface, BsB: the stream bed. Let AeBs, A;B; be

Ao

A"

A_C

Fic. 118.

cross sections normal to the direction of flow. Su the mass
of water A;BeAuB; comes in a short time 8 to Col D and let the
:ork do;:e on tbe ml:t ble begu:ted to its chm:rlh kinetic eonlﬂiy
uring that period. the length AsA, e portion e
stream considered, and l the fall of surface level in that distance.
Lnchthedi-ch eummperaecod
Change of Kinetic -—-At the end of the time # there are as
many particles p the same v in the space Ba
as at the beginning. 'l'he
change of kinetic

therefore the differe 0‘

the kinetic

ABiCoDo and ABCiDs.
Let fig. 110 re t the

cross section AsBe, and let

wbea Sma[.l'lﬁelitmnt of ll: <

2 at a where t|
3:({ocxfy is v, Let 4 be the Fic. 119,
whole arca of the cross section and ws the mean velocity for the
whole cross section. From the definition of mean velocity we have

sto=Zoo/th

Let p=u;41, where w is the difference between the velocity at the
small element w and the mean velocity. For the whole cross section,
Zww =0,

The mass of flaid passing through the clement of section w, in #
seconds, is (Gfg)wed, nd its kinetic energy is (G/2g)wo¥d. For the
whole section, the tic energy of the mass AsB¢CoDy passing in #

seconds is

(Go/a, )}:a'-(GOI: YZw(ad-+ 3w+ 3wt 4+-97),
* AR St e
necessarily

The factor 3u.+w n equal to 2ue+9, & quantity
and 'oomequendy the kinetic

t Consequently Zut?> Osxyf,
fﬁlé‘fof A&m is gymter '
i S e
which woull its value if all the particles emﬁonlnd
thq.l s.)m:)vdocuy we Let the hnet;': pmt:lm
-(Go/n)nm'--(c-mz)w :
\\ h(r(‘ a is abt.gnedive Tactor, the value of which was estimated by
anger at 1-1.} Its precise value is not of great im-
portancc
In a similar way we should obtain for the kinetic energy of
AB.C,D; the expression
«(GO/22)Quu1t = a(GO/2p)Qut,
where @, u; are the section and mean velocity at A,B,, and where o
may be taken to have the same value as befere without any im-
portant errof.

Hence the change of kinetic energy in the whole mass AsBsAB;

in @ seconds is

Motce Wk of e Weghs-ond Préssmres—Consides » el
44 (L X
ﬁlam(:»:':t‘ aoa; which comes ‘l'n‘l . :'to ¢y, The work done by

gravity during that movement is the same as if the portion ase were
carried to a6, Let dQW be the volume of aes Or &30, and s, 7 the
depths of a., @ from the surface of the stream. Then the volume

! Boussincsq has shown that this mode of determining the coszective
factor a is not satisfactory
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falls -
gg“mpg;w ehmduvuﬂalhdatum », and

Putting pa 1 moopherwcdg(,-l.’.—’) hoe press it of

u:s :t‘ :;.uo&;:-".. and that at”;; - ('m-H*u):l n’l‘ :ol;‘: of

these pressures is .
GOn+2a/G == e[ G)dQ8 = G (30—~ )dQ0.

Adding this to the work of gravity, the whole work is GsdQe; or,
for the whole cross section,

(2)
Work expended sn Overcoming lhc Friction of ithe Styeam Bed —
Let A’B’, A”B” be two cross sections at digances s and s+-ds from
AaBo. Between these sections the velocity may be treated as uni.

form, because by hypothesis the changes of velocity from section
to section are gradual. Hence, to this short length of stream the
equation for uniform motion is applicable. But in that case the
xggz'maverwmnnhe!muonof the stream bed between A’

CQ'!’(“’/’!)(XID)JS.
wetted peri and section
’iiem:hcvholemk lost in friction l‘rom&& to AB,

600 sl (xl0)ds. @
Equating the work given in (2) and (3) to the ch

vlhere -.
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ﬂthemhdlmhﬂshin;iud me.tmrdnB. 1t dh/ds=0.
lhegurhcend( to the bed, as in cases of uniform
ut from

ge of ki
gci(GQﬁu) (3 = w?) = G0 —GQofi’ f(s'l‘a‘l)(x/ﬂ)dt
Sswa(nt-ut)/2g+ r(ﬂ'/zz)(xmd:
§ 116. Fundamenial Differentsal EqmnojsmdyVamdMom—
ppose the equation just found to be applied to an indcfinitely
ort length ds of the strum. limited by t e end scctions ab, a.b..
ity normal to the ttream bed (gﬂl 120). For

talcgn for sim
shart length of stream the fali of sugface level

i \a,?““'

. Fi6 120.
eand o1, mybe writtends. Also, if wewnte u for ¥, :nd n+ds for

®, the term (t*=—37)/2, Henoe the equation
applicable to an indeﬁmt ely short len the
s-ad«/z+( u'/u

From this equation some ge oonc usions may
to the form of the longmadmal section of the stream, but, as the
mmhgau d, it is con t to simplify

nstncﬁng the conditions of the problem.

of the Formula for lhe Restricted Case of

nmm. hmdb-{-dh,maennb y equal to ab and a’’, and therefore
dk=. Also cd is the fall of the bed in the distance ds, and is
equal to éds. Hence
. ., dsma’cmed—a’dmids—dh.
Since the motion is steady— :
) Q =0y mconstant.
Differentiatiog,

ndu+udn-o.

% du = —xd0/0.
Let:bethemdthofthe:tmm.tbendn-xdb very nearly.
serting this value,

Putting the values of du mr.i ds touﬁ In (:) and (3) In equnﬁon(s(l).
1d3—dk = — (wix/, /R (wt(2¢)ds.

In-

by = (2 =o;

< $(u/2g) = (Q)x)$ = ms,
vhlch is the well-khown general equation for uniform motion, based
on the same assumptions as the equation for varied steady motion
now being consid: The case of uniform motion is therdm a
lunitmg unthl':etween two. dlﬂmn! lnnds ol motion.

ot
1—{ulf2) 1—u/g
As b tends towards the hrmt o, and ootuequeml
aumerator tends to the limit—w. On the other gandi!
which case u is small, the numerator becomes equal to 1.
value H of & given by the equation
-o'

1 -l{n'lz e

we (all upon the case of uniform motion. The results just stated
lnay be ubuhud thus:—
For Amo, H, >H, ®
the numcratorhn the value —, oi > 0, 1.
N thed

large, the

-w m
Fors

very small, i which
case ¥ must be very large, the denominator tends to the limit =,
As A becomes very large. and » consequently very small, the de-
nominator t!l'ldl to the limit 1. For k= or --vl(‘h the
g:‘nommtor becomes zero. Hence, ta tfng

ore >—

For Awo, u’lg. >ulfg, %,

the denominator becomes ~—o0, o, 1.
§ 118. Case 1.—Suppose k>wl/g, and also k>H, or the depth
snmer than that corresponding to uniform motion. In this case
h/ds is positive, and the stream Increases in depth in the direction
of ﬂow In fig. 122 let BoB, be the bed, C.C; a line parallel to the
bed and at a height above it equal to H. By hypothesis, the surface

Fi1G. 122.
AdA, of the stream is above C:Cy, and it has just been shown that the

depth of the stream increases from Be towards B;, But up
ream b a more and more nearly the value H,

fore dk/ds approaches tbe iimit o, or the surface of the stream is

+(x
-lt-(xlll)fg'lz T — (s3] ‘(:/an (1) uymptonc toC.C: m;downnmmhncmm- « diminishes,
Further Rnln{:lm Case of fs'sll ] J S«:‘u‘on ;u*[ap&)f(x -s'lgi)
and of Indefinite Wndlh -—-The equation might be discussed in the both tend towa.rdn.the limit 1, ud dk/ds to !he
form just given, but it becomes a little simpler if restricted in the teads to ymp toa
way just stated. For, if the stream is rectangular, xh =0, and if x lme DeDy.
mhrge compared with b, Q/x=xh/x=h nearly Then equanon (4) The form of water surface here di is produced when the

d&lit-il- 'I: ih) /(1 —8/gh
far7 ( r- l )I(mlz)

nished by Bq-uml (5 ] S”I“‘

M (6g. 131) be the water su lce.

flow of a stream origlnally uniform is ;tcend by “the construction of
s weir, The raising of the water sarface above the level CiC, is
termad the backwater due to the weir.
$ 119, Case 2.—~Suppose i>r‘lx. and also A<H. Then dbjés &
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negative, and the stream is diminishing in depth in the direction of
flow, In ﬁmn let ByB; be the stieam bed as before; CoCy & line

drawn purallel to BoB, at s height above it equal to H. By hy,
‘thesis t -udweMdthcmmhbethogl.mdthedepthm
. : just been shown to

diminish _from B,
towards B;. Going
up stream A ap-

roaches the limit

, and dk/ds tends
to the limit zero.
‘That is, up stream
AdA, is asymptotic
to CoC;. Golng down
stream A diminishes
and % increases; the
n s 0 of the frac-
tion (I—{n’/th)/(l—u’/gk) tends to thé limit zero, and con-
sequently dh/ds tends 10 . hat is, down stream AA; tends
to a direction perpendicular to the bed. Before, however, this
limit was reached the assumptionr on which the general equation is
based would cease to be even 3 ximately true, and the equation

diminishes: the d

inequality B>u'/g

would cease to be applicable. - The filaments would have a relative
motion, which would make the influence of internal frictibn in the
fluid too important to be neglected. A et rface i

of tlt;: form
ma:
duced if there
is an abrupt
fall in the bed
of th

(fig. 124).
the Ganges
canal, as orig-
inally con-
structed, there
. "ﬁ re nbr.u;it
" falls precise
. Fic. 124. old this ldndv,
and 1t appea
that the lowering of the water surface and increase Jl velocitr;
which such falls occasion, for n distance of some miles up stream,
'w?[s not foreseen. The result was that, the velotity e the
alls d

e
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stream is of indefinitely great width, 50 that m o}, then twt/sg= {H],
:II:’ Hw=pudf2gi. Consequently the condition stated above involves
t

: $af'/2gi <w'/g, or thati> Ifa. . ;
I such a stream is interfered with by the ¢ ion of & weir
which raiscs its level, so that its depth at the weir becomes k> »%/g,
then for a portion of the strcam the depth & will satisly the con-
ditions b <u*/g and 4> H, which are not the same as those assumed
in the two previous cases. At some point of the stream above the
weir the depth & becomes equal to #'/g, and at that point dk/ds
becomes infinite, or the surface of the stream is normal to the bed.
It is obvious that at that paint the influence of internal friction will
be too great to be neglected, and the general equation will cease to

p the true conditions of the motion of the water. It is known
that, in cases such as this, there occurs an abrupt rise of the free
surface of the stream, or a standinﬁ wave is formed, the conditions
of motion in which will be examined presently, ’

It appears that the condition necessary to ﬁgwe rise to a standing
wave is that ©> {/2. Now { depends for different channels on the
roughness of the channel and its hydravlic mean depth. Bazin
calculated the values of & for channels of differcnt degrées of rough
ness and different depths given in the following table, and the corre-
sponding minimum values of § for which the exceptional case of the
production of a standing wave may occur.

g below, | Standing Wave Formed.
Nature of Bed d‘Skmn. I"“"h‘:‘j'u Some 1 fout | st

for pec foot, | per foot. 1 ia feet,

0-002 0262

Very smooth cemented surface 0-00147 {0-003 -098

0-004 06§

. 0003 ‘| -394

Ashlar or brickwork . . . 0-00186 o:::z 197

o

o- 1181

Rubble masonry . . . - 0-0023% {oggg 82§

0-010 262

0-006 3478

Easth . . . . , . . 0-0027% {o-olo 1°542

0-015 919

being greater than was intended, the was a
considerable damage was done to the workss ‘' When the canal
was first opened the water. was allowed to pass freely over the
crests 9f the overfalls, which were laid oa the level of the bed
of the’earthen channel; erosion of bed and sides for some miles
up rapidly followed, and it soon became apparent that means
must be adopted for raising the surface of the stream at
those Emm{ (that is, the crests of the falls). Planks were accord-
ingly lixed in the grooves above the bridge arches, or tem,

weirs were formed over which the water was allowed
cases the surface of the water was thus raised
height, caysing a backwater in the channel above' (Crofton's
‘Report on the Ganges Canal, p. 14). Fig. 125 represents in an ex-
aggerated {orm what probably occurred, the diagram being intended

nporary
to fall; in some
above its normal

A~

iy s -

— ~——

FiG. 125.

to represent some miles’ length of the canal bed above the fall.
AA paralle] to the canal bed 1s the level corresponding to uniform

STANDING WAVES

§ 121. The formation of a standing wave was first observed by
Bidone. Into a small rectangular masonry chanael, having a slope
of 0:023 (t, per foot, he admitted water till it flowed uniformly with
a depth of 0-2 ft. He then placed a plank across the stream which
raised the level just above the obstruction to.0-95 ft. He found that
the stream above the obstruction was :ens:bl{ unaffected up to a

int 1§ ft. from it. At that ‘»int the depth suddenly increased

rom o-2 ft. to 0-56 ft. The vel ocit}y of the stream in the part un.
affected by the cbstruction was s-s‘tl t. per second.  Above the point
where the abrupt change of depth occurred u’-(i;’m‘-ap' and
th=32:2X0-2m6:44; hence u* was>gh. Just below the nﬁrupt
change of depth tess:.54X0-2/0-56=1-97; #*=3.88; and gh=
32:2X0-56 = 18-03; hence at this point «'<gh. Between these twg
points, therelore, u'=gh; and the condition for the production of a
standing wave occurred. " .

The change of level at a standing wave may be found thus. Let
fig. 126 represent the longitudinal section of a stream and @b, ¢f

~ e _¢C

cross sections bnetsmul to the bed, wl;ﬁch for the short distance cons
e e S

motion with the intended velocity of the canal. inc q e of
the presence of the fall, however, the water surface would take
some_such form as EB. corresponding to Case 2 above, and the
velocity would be greater than the intended velocity, nearly in the
inverse ratio of the actual to the intended depth. By comstructing
a weir on the crest of the fall, as shown by dotted lines, a new water
surface CC corresponding to Case 1_would be produced, and by
suitably choosing tg; hcig%n of the weir this might be made to agree
approximately with the intended level AA.

120. Case 3.—Suppose a stream flowing uniformly with a depth
A<utg. For a stream in uniform motion {w!/2g=m, or if the

y . Supp mass of water
abed to come to a'b’'c’d’ in a short time /; and let u. w; be the
velocities at ab and cd, @, @ the arcas of the cross sections., The force
causing change of momentum in the mass abcd estimated horizont-
ally is simply the difference of the pressures on ¢b and cd. Putti
ko, i for the depths of the centres of gravity of ab and ¢d measu
down from the free water surface, the force 18 G(laQ—5) pounds,
and the impulse in ¢ seconds is G (hfh—hif) ¢ second pounds:
The horizontal change of momentum is the difference of the momenta
of ¢dc'd’ and aba’d’; that is,
(Gle)( Qw04
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Hence, equating impulic and change of momentum,
‘ Glhetlo ~ Rt} = (G} Dumid — Doma?)t;
o bl — RySh = (34,7 — Dyut) fg. (1)
For simplici?' fet the section be rectangular, of breadth B and
depths Hy and Hj, at the two cross sections considered; then
Bo=3}Hy, and k;=3H;. Hence

. He*~Hi = (2/g) Hind~Hexe?).

But, since Qe =Quu, we have

5.t mufHAHA,
Hy*—He = (25*/g) (H¥/H, —Ha)., (=)
This equation is satisfied #f Ho=H,, which corresponds to the case
of uniform motion. Dividing by Ho—Hy, the equation becomes

o (Hy/H(Hed-Hi) m2udfg; 3

I B <~ H J(mu‘;/fﬁ Het)—1He " &;
n one's experiment wg=5-54, - Hgwo0-2. Hence H,mo0-52,
which agrees very well with the obeerved height. - 52
§ 122. A standing wave is frequently produced at the foot of
a weir.  Thus in the ogee falis originally constructed oa the Ganges
cana! & standing wave was observed as shown in fig. 127. The water
falling over the weir crest A acquired a very hig ity on the

Fic. 127,

m slope AB, and the section of the stream at B became very
. It e?sily happened, therefore, that at B the depth h<u'/g.
In flowing al onithe rough apron of the weir the velocity x diminished
and the gepth increased. At a point C, where b became equal to
/g, the conditions for ing the standing wave occurred.
ond C the free surface abruptly rose to the level corresponding to
un'l“(rirm motion with the assigned slope of the lower reach of the
ca

) < P

A g wave is d on the down stream side of
bridges the piers of which obstruct the flow of the water. Some
interesting cases of this kind are described in a paper on the ** Floods
In the Nerbudda Valley * in the Proc. Insi. Q. Eng. vol. xxvii.
p. 222, by A. C. Howden. Fig. 128 is compiled from the data given
1n that paper. It represents the section of the stream at pier 8 of
' the  Towah laduct,

[\ during the flood of 1865.

e fmund tevel is not
exactly given by How-
é den, but has been in-
o i = ferred from data given
onanotherdrawing. The
velocity of the stream
was not obscrved, but
the author states it was
probably the same as at
the Gunjal river during
& similar flood, that is
16:88 ft. per second.
Now, taking the derpxh
on the down stream face
of the pier at 26 {t., the
% velocity y for the

e

-

40
40

.
1 X
e 80 S

~vr T,

_. [:__

H

o,

HYDRAULICS

77

Tpereme (L B
. avecage Rainlail. total Rainfall.
Cultivated land and spring- |
glormin iﬂeclilvilie:p.rmg. LT 67t 70
y slopes . . *35t0 48 . to 6,
Naked unfissured mountains gg to - 3 ig to 4§
§ 124. Flood Discharga—The flood discharge can ly only be
detesios d b; "_ ight to whi ﬂozd'b’;ve

the g be;

been known to nise. To produce a flood l'ge rainfall must. be hea
and widely. distributed, and to prodace & flood.of ptional hﬂi;"l’t
the duration of the rainfall must be so great that the flood waters
of the most distant affluents reach the peint considered, simultane-
ously with those from nearer points. lQ'I'Ae larger the catchmead
basin the less probable is it. that all the conditions tending to pro-
uce a um discharge should simul ly occur, Further,
lakes and the river bed itself act as stora;

i dun i
of water level and diminish the rate of iucmrge. or serve :mﬂ;od
d e infl of these is often important, very

heavy rain_storms are in_most countries of comparativ
duration. Ticlenbacher gives the following estimate of the ﬂnoﬁ
ge of streams in Europe:— o .
. Flood discharge of Streams
b - - - s Bt s -
f 8.7 to 12-5 cub. ft.
17°§ to 22-5

' In'fatcountry . , . . .,
! In hl'l)lg districts . . « . . .
;. Inmoderately mountainous districts  36-2 to 450, .

In very mountainous districts .. . 350-0 !ois-o "

_It has been attempted to the d of the rate of flood
discharge with the increase of extent of the catchment basin by
empirical formulae. Thus Colone! P. P. L. O'Connell pmroned the
formula y=Myx, where M is.a constant called the modulus of the
i the value of depeads on the of rainfall, the
physical characters of the basin, and the exterit to which the floods
are moderated bﬁvanmraze of the water. If M is small for any given
river, it shows that the rainfall is small, or that the permeability ot
slope of the sides of the valley is such thet the water does-mot drai
rapidly to the river, or that lakes and river bed moderate the rise
the floods. 1f values of M are known for 2 number of rivers, they
may be in inferring theprobable discharge of other similar rivers,
For British rivers M varies fram 0-43 for a small stresm draining
meadow land to 37 for the Type. nera!}y it is about 15 or 20,
For latge Eu n rivers M varies from 16 for the Seine to 67-5 fot
the Danube. Forthe Nile M =11, a low value which results from the
Immense length of the Nile thraughout which it receives no afluent,
and probably also from the influente of lakes. For differenc tribus
taries of the Mississippi M varies from 13 to §6. For various Indian
rivers it varies from 40 to 303, this variation being due to the great
variations of rainfall, slope and character of Indian rivers, ~~ -

In some of the tank projects in India, the flood disch has been
calculated from the formula D=C{#*, where D is the discharge in
cubic yards per hour from n square ‘miles of basin. The constant C
was taken =61.523 in the designs for the Ekrooka tank, =75,000 on
Ganges and Godavery works, and =10,000 on Madras works, R

§ 125. Aclion of a Stream on its Bed.~—If the velocity of a stream
exceeds a certain limit, depending on its size, and on the size, heavi-
ness, form and coherence of the ‘
material of which its bed Is com-
posed, it scours its bed and . s
carries the materials, PPy S S
The _quantity of material which e -,

a given stream can carry in° M

suspension dcpends on the size
Fi6. 129,

. i a

o} /7 wave would be u = v (gh)

a ST A =V (32:2X26) =29 {t.

Fic. 128, per sccond nearly. Bue

. the velocit at this

int was p from Héwden's statements x6-5gxﬂ =255

t., an nfn:emtn: as close as the approximatc character of the
data would lead us to expect.

£
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XI. ON STREAMS AND RIVERS \

§ 123. Calchment Basin.—A strenm or river is the channet for the
disch of the available rainfail of a district, termed its catchment
basin. The t in is sur by a ridge or watershed
line, continuous except at the point where the river finds an outlet.
The area of the catchment basin may be determined from a suitable
contoured map on a scale of at least 1 in 100,000. Of the whole rain-
fall on the catchment basin, a part only finds its way to the stream.
Part is directly re-evaporated, part is absorbed by vegetation, Eart
way escape by percolation into neighbouring districts. The foliow-
ing table gives the relation of the average stream discharge to the
average rainfall on the catch basin (Ticfenbacher).

and density of the particles in
pensi and is greater as . .

the velocity of the stream is greater. If in one part of its course the
velocity of @ stream is t enough to scour the bed and the water
becomes loaded with silt, and in a subsequent part of the river's
course the velocity is diminished, then part of the transported
tmaterial must be deposited. Probably deposit and scour go on
simultancously over the whole river bcd‘. but in some parts the rate
of scour is in exvess of

the rate of deposit, and
in other parts the rate
of deposit is in excess
of the rate of scour.

Decp streams appear to PPl St N

have the greatest scour. -~ ...

ing power at any gWen o R, 75 T
velocity. It is possible @’ o

that the diffcrence is
strictly a_difference of Fic. 130.

transporting, not of scouring action. Let fig. 129 represent a section of
a stream. ‘Fhe material lifred at 2 wili be diffused through the mass of
the stream arnd deposited at different distances down stream.
average path of a particle lifted at @ will be some such curve as abe,
and average distance of transport cach time a particle is lifted
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will be represented by aé. In a deeper stream such as that in fig.
130, the a heib{t to which particles are lifted, and, since the
rate of vertical fall through the watér may be assumed the same as
before, the ge di ‘e’ of port will be greater. Con-
veduently, although the scouring action may be identical in the two
streams, the velocity of transport of material down stream is greater
as the depth of the stream is greater. The effect is that the decp
stream excavates its bed more rapidly than the shaliow stream.
§ 126. Botlom Velocily al whick Scour commences.—The following
bottom velocities were ned by P. L. G. Dubuat to be the
i Jociti i with stability of the stream bed for
different materials.

Darcy and Bazin give, for the relation of the mean velocity o
and br:t{om velocity s. ) ke
i =03+ 10-87V (mi).

Bat Vmi=eay (3/: &’
Lt g):
< v eny/(1-10-87¢ .
Taking a mean value for {, we( get 7 Gfep)
. Pm=1-312ny,
tqurom this the following values of the mean velocity are ob-
tai band

Bottom Velocity | Mean Velocity
. . - bl %
1. Softearth . . . . 02 .
2. Loam. . . . . . 0-545) g‘; !
38nd . . . . . . 1-00 1~g¢;
4 Gravedl . . ., . . 200 2+
g: Pebbles . . . . . 340 446
Broken stone, flint , . 4-00 gz
. Chaik, soft shale . . 00 32
Rockin beds. . . -00 7-87
9. Hard rock . . 10-00 1312

- The following table of wvelocities which should not be exceeded
!:1 lft‘\‘tat:n?h is given in the Ingeniemrs Tuschenduch of the Vercin
—

Surface | Mean | Bottom

Velocity. | Velocity. | Velocity.
Slimy earth of brownclay . . ;g -36 <26
Clay . .. . . . . .« . . 78 53
Fimsand . . . . . . . 197 1-51 1-02
Pebblybed . . . . . . . 400 315 230
Boulderbed . . . . . $-00 03 3-08
Cong] of slaty frag -28 r10 90
Stratified rocks. . . . . . -00 7:45 00
Hardrocks. . . . . . . 1400 12°1§ 10-36

§ 127. Regime of a River Channel —A river channel is said to be in
8 state of regime, or stability, when it changes little in draught or
form in a series of years. In some rivers the d t part of the
h: { chasiges its position perpetually, and is nlzom found in the
same p\?{ee lu two successive years. The sinuousness of the river
also chatiges by the erosion of t{e banks, so that in time the position
of the river is completely altered. In other rivers the change from
year ta year is very small, but probably the regime is never perfectly
stabie except where the rivers flow over a r 5
1f a river had a constant discharge it would gradually mod;l)f{ its
ume

till a permanent regime was established. - But as'the v

F16. 131,

discharged is constantly changing, and therefore
the velocity, silt is deposited when the velocity
d , and scour goes on when the velocity
incrcases in the same . en the scouring’
and ultmg are considerable, a ect balance
between the two is rarely established, and hence
continual variations occur in the form of the river
and the direction of its currents. In other cases,
where the Action is less violent, a ble bal may be’

and the deepeniug of the bed by scour at one time is compensated by
the silting at another. In that case the 1 regime i

hichad™
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happen if by artificial means the erosion of the banks is prevented.
If a river flows in soil incapable of resisting its tendency to scour
it Is necessarily sinuous (§ 107), for the diﬁ:trt. deflection of the
current to either side begins an whi progr
sively till a considerable bend is formed. If such a river is
straightened it becomes sinuous again unless jts banks are pro«
tected from scour.

§ 128. Longitudinal Section of River Bed —The declivity of rivers
decreases from source to mouth. In their higher parts rapid and
torrential, Aowing over beds of gravel or boulders, they enlarge in
volume by receiving affluent sireams, their slope diminishes, their
bed consists of smallcr materials, and finally they reach the sea.:
Fig. 131 shows the length in miles, and the surface fall in feet per
mile, of the Tyne and its tributaries.

decrease of the slope is due to two causes. (1) The action of
the transporting power of the water, carrying the smallest debris
the greatest distance, causes the bed to be le near the mouth
than in the higher parts of the river; and, as the river adjusts its
slope to the stability of the ingori i §

$ ]
ness when the siope is too great, and by siiting or straightening its
course il the slope is too small, the deueuini:nbility of the bed
would coincide with a decroasing . {2) The increase of volume
and scction of the river lrads to a decrease of slope; for the larger
the section the Jess slope '= uecessary to ensure a given ity.

The following investi;« ian, though it relates to a purely arbitrary
case, is not without interest.  Let 5t be assumed, to make the con-
ditions definite—(1) that o river flows over a bed of uniform resist.
ance to scour, and let it be further assumed that to maintain stability
the velocity of the river in these circumstances is constant from
source to mouth; (2) suppose the sectlons of the river at aii points
are similar, so that, b being the breadth of the river at any point, its
hydraulic mean depth is ad and its section is ¢b*, where @ and ¢ are
constants applicable toall parts of the river; (3) let us further assume
that the discharge increascs uniformly in consequence of 1he supply
from affluents, so that, if / is the length of the river from its sousce to
any given point, the
discharge there will be
&, where k is another
constant applicable to
all points in the course
of the river.

Let AB (fig. 132) be
the longitudinal section
of the river, whose |y
source is at A; and
take A for the origin of . "
vertical and horizontal coordinates. Let C be a point whose ordinates
are x and y, and let the river at C have the breadth b, the siope 4,
and the velocity v.

Since velocity X area of section = discharge, wcb* = b, or b=y (ki/cv).
Hydraulic mean depth mab=ay (ki/ev). .
But, by the ordinary formula for the flow of rivers, mi=p*;
ood o m = (Sl [a)V (c/R).
But i is the tangent of the angle wh{c the curve at C makes with
the axis of X, and is therefore =dy/dx. Also, as the slope is small,
= AC =AD =x nearly.
. dyjde=(pot/a)V (c/kx);
and, remembering that ¢ is constant,
y = (28vi/a)¥ (cx[k);
or » =constant X x;
0 that the curve is a common parabola, of which the axis is hori-
zontal and the vertex at the source. This may be considered an
ideal longitudinal section, to which actual rivers ap-
proximatc morc or less, with tions duc to the vary-
mg_ harduess of their beds, and the irregular manner in
)
[]

A4 D

X
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which their volume increases,
129. Swrface Level of River—The surface level of &
river is a plane changing © ly in position from
changes in the volume of water discharged, and more
slowly from changes in the river bed, and the circum-
stances affecting the drainage into the river.

For the purposes of the engineer, it is imj t to
determine (1) the oxtreme low water level, (2) the
extreme high water or flood level, and (3) the highest
navigable level.

1. Loww Water Level cannot be absolutely known,
because a river reaches its fowest level only at rare inter-
vals, and because alterations in the cuitivation of the
land, the drainage, the removal of forests, the removal
or erection of obstructions in the river bed, &c., gradu-
ally alter the conditions of discharge. The lowest level
of ‘which records can be found is taken as the conven-
tional or approximate jow water level, and allowance is

made for ible changes.
2. High Water or lgaod Lcul.—"lshe engincer assumes as the highest
good. level the highest level of which records can be obtainui. In

of the data available, it must be b that

though

is a judg
teration is constantly going on._ This is more, likely to | the highest level at one point of a siver is not always simultaneous
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with the attainment of the highest level at other points, aad that
the rise of a river in flood is very different in different pasts of its
course. In temperate regions, the floods of rivers seldom rise more
thhan 20 ft. above Jow-water level, but in the tropics the rise of floods

3 Hsghm Mmgabh Level.—When the river rises above a certain
lJevel, navigation becomes difficult from the increase of the velo:;?
of the or from sub ion of the tow paths, or from the h
way_ uader bridges becoming insufficient. Ordinarily the highest
‘navigable lcvtl mny be taken to be that at which the river begins to

ow its ba

§130 Rdam Valuc of Different Malerials for Submerged Works.—
That the power of water to remove and transport different materials

depends on their density has an important bearing on the selection
of materials for subme: works. In many cases, as in the aprons
or floorings beneath bridges, or in front of locks or falls, and in the
formation of training walls and breakwaters b; es perdus,
which have to resist a violent current, the mat s of which the
structures are composed should be of such a dxe and weight as to
be able individually to resist the scouring action of the water. The
heaviest materials will therefore be the best; and the different value
of materials in this respect will appear nmuch more striking, if it is
remembered that all materials lose part of their weight in water.
A block whose volurse is V cubic feet, and whose deasity in air is
v llg.per cubic foot, weighs in air wV Ib, but in water only (w—6z A)

Weight of a Cub. Ft.in . |-

In Air, In Water,
Basalt . « o 187:3 . 124+
Brick . . ., & x;o-g 6;42
Brickwork . 313-0 49'6
Granite and’ luuutone 1700 - xo7~2

ndstone . . lg'o 8

Masonry . . . . 116144 ' §3-6-81-6

131, Juundation Deposils from a River—When a river urrynu
nodncally overflows its banks, it deposits silt over the ares
and gradually raises the uurlaoe of the country. Thesilt is
in the water first leaves the
river. It hence results that the oecuon of the coun!ry assumes 3
uliar form, the river ﬂowmg in & trouy "Jh aloag the crest of a ndge.
drom '{:é":h tbeh land slo ownw s ouh:)otb m ee:ﬂ:
eposil rom the water forms (wo wedges, having
towards the river (6g.133).

’
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This is strikingly the case with the Mlu m
now from flooding immense areas by arti mbankments or
levees. In india, the term delteic segment is sometimes applied to
that portion of a river running through deposits formed by 1nunda-
tion, and having this ! istic section. The & n of the
country in this casc is very easy: a comparatively sl ruung of
the river surface by a weir or annicut gives a command of level
which permits the water to be conveyed to any of the district.
§ 132. Dellas.—The name delta was original
shaped portion of Lower Egypt, included b
the Nile.. ltinnow ntot.hevholeolthenﬂuvnltrm:muud
uvnrmouthn ‘or Efchunon of sediment from the river, where
ts to the sea. The characteristic
feature o{'t}m alluvnl dclm is that the river traverses thom, not
n & single channel, but in two or many bifurcating branches. Each
b a8 a tract of the delta under its influeace, and gradually
nm d! sarface of tlnt tract, and extends it scaward. Asthedelu
different branches cha e The 3‘:.4 “the fnuag:u‘e
t nge. water s passage t!
moﬁdnbnmhslc-obstmcead than through the others; t!
velocity . and scouring action in that branch are increased; in the
others tbey diminish. The one channel gradually abeorbs the whole
of the water supply, while the other branches silt up. But as the
wouth of the new mnin channel the in-
creases both from the greater length of the channel and the formation
of shoals at its mouth, and the river tends to form new bifurcations
AC or AD (fg. 134), and one of these may in tme become the main
ch;und of the river. Study of n
133. Operalions iminzry (0 & River Im
ment.—There are dezl)ul‘ plan of the n’ver, on which- the
itions of lines of ling and cross sections are marked; ﬁ;a
E:IE‘!udmll section and numerous cross sections of the river; (3) a |
?m of the discharge at different points and in different
conditions of the river.
Longitudinal Section.—This mqmms to be carried out with m

and that river is
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fiver, and chained and leveliod, The croks sections are referred to
the line of stakes, both as to position and divection. The determina-
tion of the surface slope is very difficult, par

smaliness, partly from oecillation of the water. Cunningham
mends that the slope be taken mulumholznoolt.by(ourmul-
tancous tions, two on each side of the river.

§134. Cross Sectioms —A stake is planted flush with the water, and
its Ievel relatively to some pomt on the line of levels is determined,
thedepd:dthewmru zteminedn;nnudwnu(nf

ija.

possible at uniform dutancu) i a live siarting from the stake and

0
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perpendicular to the thread of the stream. To obtaip these, a wire
y be stretched across with equal distances mnxkod on it by hang-

tags. The depth at each of these tags may be obtained by a
ln(’n wooden staff, with a disk-shaped shoe tto 6 in. in diameter.
1§ the depth is great. soundings may be uken y a chun and weight.
T ) ensure the wire - to the thre: the stream,

is desirable to stmcg two odlu' wiges unularly mduted one
udtheotubdo'.nadmuee 20 to
number floats being then throwa i m.; it is observed whether thby
pass the same lraduamm on each wii
For an mpldnvmtheu'oss ion is obtained by
ln the fol owmz wty. Let AC (ﬁﬁlss) be the line on whndl :ound
én required. base line AB Is measured out at right angles
A and ranpnr suvu are set up at AB and at D in line with AC,
down stream, and, at the moment it comes
is

J‘x Iu D

!

m lmc wnt.h
dropped, and an oLscrvcr in the

t takes, with a box sextant. § A

the an| AEB -ubundcd by *

Fo o o,

have a weij ht ol‘ x
and, if the' érop. dowa

Btream slowly, it ma  hang near
the bottom, 80 that the observa-
tion is madg mt:‘ntl In ex-
tewve surveys the Miesis
uppn observers with theodolites
ere stationed at Aand B. The
throdohte at A was di 1]
towards C, that at B was pt
on the boat. When the boat {
came on the line AC, the ob-
u-rvrr IlAﬂ‘ém"td the '3“::- . !
ing line was dropped, an 3 1G. 1
observer at B read off the angle 35
ABE. By repeating obscrvations a number of soundings are ob-
tained, which can be plotted in their proper position, and the form
of the river bed drawn by connecting the extremities d the lines.
From the section can be measured the sectional uu the stream
Q and its wetted nmem' x; and from these the bydraulic mean
de dn m can be
135. Mmumueﬁl n the Disckarge of Rivers.—The area of cross
section multiplicd by the mean velocity gives the discharge of the
stream. The height of the river with reference to some fixed mark
should be noted whcnever the velocity is observed, as the velocity
and area of cross secnon are different in dlﬂerest states of the nver
To determine the mea, ds ma
and, since no mthod u free from liability to error, either from the
difficulty of the observations or from uncertainty as to the ratio of
the mean velocity to the velocit: o‘bnrved it is desirable that more
than one method should be :

INSTRUMENTS FOR M'msuuna THE VELOCITY OF WATER

§ 136. Surface Floals are convenient for determining the surdace
velocities of & stream, thaugh their use is-difficult near the basks.
The floats may be small balls of wood. of wax or of hollew mets!, so

88 to float nearly ﬂu-h with the water sutface.. To render

.
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them visible they may hdve a vertical painted stem. In experl-
ments on the Seine, cork balls 11 in. diameter were used, loaded to
float flush with the water, and provided with a stem. In A. . C.
Cunni:‘gham'- observations at l&otlmu. the floats were thin circular
disks of English dul.&ain. diameter and } in. thick. For observa-
tions near the banks, floats 1 in. diameter and § in. thick were used.
‘To render them visible a tuft of cotton wool was used loosely fixed
in a hole at the centre.

The velocity is obtained by allowing the float to be carried down,
and noting the time of passage aver a measured length of the stream.
If v is the velocity of any float, £ the time of passing over a length
I, then v=ljt. To mark out distinctly the length of stream over
which _the floats pass, two ropes may be stretched across the stream
at a distance apart, which varies usually from 50 to 250 {t., according
to the size and rapidity of the river. In the Roorkee txperiments
a length of run of 5o ft. was found best for the central two-fifths of the
width, and 25 ft. for the remainder, t very close to the banks,
where the run wes made 12} ft. only. e longer the run the less
is the proportionate error of the time observations, but on the other
hand the greater the deviation of the floats from a straight course
parallel to the axis of the stream. To mark the precise position at
which the floats cross the roj Cunninﬂmm used short white ro;
pendants, hanging so0 as nedrly to touch the surface of the water. In
this case the streams were 80 to 180 ft. in width, Inwider streams the
use of ropes to mark the Jength of run is impossible, and recourse must
be had to box sextants or theodalites to mark the path of the floats.

Let AB (fig. 136) bé a measured base line stnctly parallel to the
thrcad of the stream, and AA;, BB; lines at right angles to AB

: ‘ marked out by ranging rods at A; and

alil I | By, observers stationed at A

b ¢ | _ﬁ, and B with sextants or theodolites, and

- === == 1-}H let CD be the path of any float down

| stream. As the float approaches AA,,

g theobserverat B keepsit on the cross wire

of his jnstrument. The vbserver at A

the instant of the float reaching

the line AA;, and signals to B who then

reads off the angle ABC. Similarly, as

the float approaches BB,, the obscrver

at A keeps it in sight, and when signalled

to by B reads the ange BAD. Thedata

30 obtained are sufficient for plotting

the path of the float and determining
the distances AC, BD.

The time taken by the float in passing
over the measured distance may be ob~
served by a chronograph, started as the
g float passcs the upper rope or line, and
F16." 136 stopped when it passes the lower. In

o . Cunningham's observations two chrono-
meters were sometimes used, the time of passing one end of the run
being noted on one, and that of passing the other end of the ru
being noted on the other. The chronometers were com
immediately bcfore the observations. In other cases a - single
chronometer was used placed midway of the run. The moment of
the floats passing. the ends of the run was signalled to a time-
keeper at the chronometer by shouting., It was found ag‘uite post
sible to count the chronometer beats to the nearest half second,
and in some cases to the nearest quarter second.

§ 137. Sub-surface Floats—The velocity at different hs below
the surface of a stream may be obtained by sub-surface floats, used
preciscly in the same way as surface Aoats.  The most usual arrange-
ment is to have a large float, of slightly greater density than water,
connected with a small and very light surface float.  The motion

the combined arrangement is not
scasibly different from that of the large
— float, and the small surface float enables
== *-an observer to note the path and vel
city of the sub-surface float. The in-
strument is, however, not free from
objection. If the large submerged
Aoat is made of very nearly the same

density as water, then it is liable to be

thrown upwards by very slight eddics
ig the water, and it does not maintain
its position at the depth at which it is
intended to float. On the other hand,
if the farge float is made sensibly
heavier than water, the Indicating or
surface float must be made rather large,
" and then it to some extént influences
the motion of the submerged Roat.

Fig. 137 shows one form of sub-
B surface foat. - it consists of a couple
of tin plates bent at a right angle and soldercd together at the angle.
“This is connected with 2 w. n ball at the surface by a very thin
wire or cord. As the tin alone makes a heavy submerged float, it is
better to attach to the tin float some pieces of wood to diminish its
‘weight in water. Fig. 138 shows the form of submerged float used

H
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by Cunningham. It consists of & holiow metal balt cormected to a
slice of cork, which serves as the surface float.

§138. Twin Floots.—Suppose two equal and similar floats (ﬁ(.alg
connected by a wire. Let one float be a little lighter aad the
a little beavier than water. Then the velocity of the ecombined

- .'l'dian.é

g

F1G. 138.
floats will be the mean of the surface velocity and the

Fi6. 139.
velocity at the
be

depth at which the heavier float swims, w is determi ¢!
length of the connecting wire. Thus if 7, is the surface vel y
and vq the velocity at the depth to which the lower float is synk, the
velocity of the combined floats will be

o= §(v.tvd). .
Consequently, if v is observed, and s, determined by an experiment
with a single hoat. :

. 2=20-0,
According to Cunniaghath, the twin float gives better resufts than
the sub-surface float. - .

§ 139, Velocily Rods.~Another form of float is shown in fig. 140.
This consists olyn cylindrical rod loaded at the lower end 5o as to
float nearty vertical in water. A wooden rod, with a metal cap.at the
bottom in which shot can be placed
answers better than anything else, an
sometimes the wooden rod is made in
lengths, which can be screwed together
80 as to suit streams of different depths.
A tuft of cotton wool at the top serves
to make the float more easily wisible.
Such a rod, so adjusted in fength that it
sinks nearly to the bed of the stream,
gives directly the mean velocity of the
whole verstical section in which it Aoats.

§ 140. Revy's Current Mcter.—No in-
strument has been s0 much used in
directly dctermining the vclocity of a
stream at a givea poiat as the screw
current meter. this there are a
dozen varieties at least. Asane:
of the instrument in its simplest form,
Revy’s meter may besclected. Thisisan
ordinary screw meter of a larger size than /8
nsund nll mo:‘ unl“ uum;. and with it)s ’

etails carcfully stu 141, 142).
It was designed after apn_:ng;u:e in '.4”: Fro. '40'
ing the great South American rivers. screw, whichisactuated by
the water, is 6 in. in diameter, and is of the type of the Griffiths screw
used in ships. The holiow spherical boss serves to make the weight of
the acrew sensibly equal to its displacement, s0 that friction is much
reduced. On the axis aa of the screw is a worm which drives the
counter. This-consists of two worm wheels g and A fixed on a common
axis. The worm wheels are carried on a frame attached to the pin-Z.
By means of a string attached to { they can be pulled into gear with
the worm, or dropped out of gear and stop at any instant. A
nut »e can be screwed up, if necessary, to keep the counter
manently in gear. The worm is two-threaded, and the worm w
g has 200 tecth. Consequently it makes one rotation for 100 rota.
tions of the screw, and the number of rotations up to s0o is masked
gy the passage of the graduations on its edge in frong of a fixed index,

he second worm wheel hanb:zﬁ teeth, and its cdge is divided into
49 divisions. Hence it falls behind the first wheel one division for.a
complete rotation of the latter. The number of bundreds of rota.
tions of the screw are therefore by the number of divisions on
k passed over by an index fixed to g.  One difficuity in the use of the
ordinary screw meter is that particies of grit, getting into the working
parts, very sensibly alter the friction, and therefore the speed of the
meter. Revy obviates this by enclosing the counter in a brass box
with a glass face. This box is filled with pure water, which ensures &
vonstant coefhcient of frictioo for the rubbing parts, aad prevents an
mud or grit finding its way in. Inorder that the meter may place itsel
with the axis paraliel to the current, it is pivoted on a vertical axis

and directed by a large vane shown in fig. 142. To give the vase
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mare directing mthevuqmlnuimthemthn
ordinary meters, ;ndthevaneuhrger A second horizontal vanel::

ntuched by the screws x, z, the abject of which is to allow the meter
to rest on the ground without the motion of the screw being inter-
fered with. .The string or wire for starting and stopping the meter is

" 5}’ e

¢arried through the centre of the vertical axis, so that the strain on
it may not tend to pull the meter oblique to the current. The nch
olthem'uaboul9ul. ‘The screws at x serve for filling the
vriu:water The whol tus is fixed to a rod (fig. 143).01"
lomtewtﬁgde h, or for very hs it
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ooun’erhutobeheldmft meter A is
:uspeuded by a wire with a heavy Ientu:ular ht belolv (fig. 144).
The wire is Paged out from a small winch D wnt&i an index s| wmg
the chth of the meter, And passes over 2 pulley B meter is in
rudder which kteps it facing the
stream thh lu axis honzontal. There is aa electric circuit from a
banery C throl:gh the m%t‘:, and a contact is made closing the circuit

every 1 ions. the circuit closes a bell risgs.
Byn.ubud arrangement, when the foot of the inst , 013
metres below the axis of the meter, touches the ground the circuit is

also closed and the bell rings. It i: na.s{:o distinguish the continuous
ring when the ground is reached from the short ring when the counter
signals. A coavenient winch for the wire is 90 graduated that if

set when the axis of the meter is at the water surface it mdientﬁ t
any moment the depth of the meter below the surface. Fig. 144
shows the meter as used on a boat. it is a very convenient instru.
ment for abtaining the velocity at different depths and can also be

used as a sounding instrument.

§ 143. Determination of the ¢ ients of the Current Meter.—Sup-
pose a series of observations lns made by towing the meter in
still water at different s; s, and that it is required to ascertain from
these the constants of the meter. [f v is the velocity of the water and
n the observed number of rotations per second,

s=aifin (1),
where & and B are connnnts

Now let the meter be towed over a

ngth proporti
ﬁxzd to a weighted bar g mpe- Y plan invented by R
The iustrument is generally used t! reading of the counter u
) noted, itis put out of gear. meter is
° then lowered into the water to the required
position from a platform between two boats,
or better from a tem hridge.
counter is m or one, two or five
minutes. 1y, the instrument is raised
and the counter again read. The velocity is
° deduced from the number of rotations in unit
time hy the formulae given w. For
counter may be kept
screw being started
hg l4t. TIu Hul«her Currens Meler.—In
ordinary counting apparatus is aban-
drives a worm wheel, which
makeo an electnal contact once for each 100
rotations of the worm. This contact gives a
signal above water. With this arrangement,
a series of velocity observations can be made,
without removing the instrument from the
va:cr. and a number of practical difficulties
attending the accurate starting and stoppin,
of the ordinary counter are eatirely got ri
of. Fig. 143 shows the meter. e worm
wheel 3 makes one rotation for 100 of the
screw. A pin movi the lever x makes the
electrical contact. The wires b, ¢ are led
through a gas pipe B; this also serves to
ad)u:t the meter to ln_{hmqulmd position on
the wood e rudder or vane is
q nhown at WH The galvanlc current acts on
magnet m, which is in a
-ma]l metal box containing ajso the bam:ry
The magnet exposes and withdrawsa
disk at an opemng in the cover of the box.
§ 143 ler Laffon Current Meter.—A
yery convemm: and accurate current meter
g is constructed by Amsler Laffon of Schaff-
F16. 142. hausen. This can be used on a rod, and
put into and out of gear hy a ratchet. The
peculiarity in this case is that there is a double ratchet, so that
one pull on the stri uts the counter into gear and a second
puts it out of [ur Ii{e nﬁnwy be slack during the action
¢l the meter, and uncertainty than when the
X1V 2w

L, and let N be the revolutions of the meter and

Then the speed of the meter relatlvely 10 the
water is li{l—v feet second, and the number of revolutions
second is Nftmm. uppose ws observations have been made in this
way, (urnishing corresponding values of v and n, the speed in each
trial being as uniform as po-gblt

In=mtmt . . .

Zy=nitmt . . .
Zny = nn +am+ .

Intmnd+nd 4+ . . .
[z"]"'llr!"'ﬂ' l'

! the time of transit.
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Then for the determination of the constants aand 8 in (1), by the | stream and to check osciflations of the water column. Lt the
method of u.qm— d| erenceoﬂevelofapaxrof!ubaAandB( l4$)beta|mn!obe
InTo—ZaZuy -h’lzg. then & may be taken to ive coefficient wh
—TEx value in well-shaped instruments is very neart umty By pl::::g
kel o el E e e il 2
- e instrument s
= m:(ﬁr Ay R M

meters have been

In 8 few cases the
determined

bymmgthmm&&?mdeaummﬂlmkm volume of water was flowing, be found

c
B

been ascertained by floats, he found kw1 :006; t
talnenmduﬂerempamoft e section of & canal i

D
. by the baat. The mean of theother
2 two ulmmt

¢ Qﬂf

n-x-o;otol-l-osz (' O the ]
sistance of Plane Surfaces in a
Cumsnt of Alr,” Proc. Inst. Civ.

6n ‘”yecusgr)l to the Pitot iube

in its original form

difficulty ~ and lncon of
reading the height & in the imme-

dia!e aeighbour of the mum

surface. This is obviated .in

Dan: which can be removud
mm to be read.
Fl; 146 shows a Darcy gauge.

It consists of two Pitot tubes
having their mouths at right angles.

In the instrument shown, the two
tubes, formed of copper in the

lower are united into one for
mm‘f‘ and the mouths of

tubes oﬁn vertically and horizon-
ully e upper part of the tubes
of glags, and they are provided

wh a brass scale and two verniers
b, b. The whole instrument Is su
mnedonavmwal rod or .man

the fixing at B itting the
instrument t6 be adjusted to any
henght on the tod, and at the same

F1G. 144.

which the resist: of ship “h ined. In that case the
lhta are found with exceptional acci
4?. Darcy Gauge or modified Pua lec ~A
or d by Heari ;m in 17, o
(llumn de I Académie des Sciences, 1732, 376). coosisted simply
olnvuunl.lantubemthanghtirz bend, placed so thtxu
mouth was normal to the w (fig. 145).
The impact of the stream oa the mouth o( the tube balances a
ocolumn in the tube, the height of which is ngproxxmav.ely h=v'f2g,
ere v is the velocit
at the depth x. Placez
with i1s mouth parallel
to the strcam the water
> inside the tube is nearly
> at the same level as the
sutface of stream,
and turned with the
mouth down stream, the
ﬂuid sinks a depth
& =#{2¢ nearly, though
the tube in that case
- intetferes with the free
A B ¢ flow dhathe 1 mﬁg n‘l‘d
somewhat m the
Fic. us. result. Pitot expanded
the mouth of the tube so as to form a funsel or bell mouth. In that
case he found by experiment
kw=t.set/2g,
But there is more disturbance of the stream.” Darcy preferred to
make the mouth of the tube very small to avoid mtedm with the

———

m anowh:f free rotation, so that

it can be held parallel tothecumm
At ¢ is a two-way cpck,

or closed by cords. lf

this is shut, the insgrursent can be
lifted out of the stream for reading.
The glass tubes ar
top by a brass ., Wi
mck c. and a fiexib

as lollows ll tmw
at a foint near the surface of the stream, at
the water columns would be below the fevel at it could be
read. It would be in the copper part of the instrument. Suppose
then a little air Is sucked out by the tube m, and the cock &
closed, the two columns will be forced up an amount correspond-
n%et: the difference between atmos) hcnc re and that in .the
tul But the difference of level wi n unalt
When the velocities to be measured are not very smﬂ this instru.
ment {s an admirable one. [t requires observation only of a
linear quantity, and does not require any time observation.
law connecting the velocity and the observed height is a nuoul
one. and it is not absolutely nece to make any
the coefficient of the instrument. we take vw kY ). then
appears from Darcy's cxpenmenn that for a well-fo mmment
& does not sensibly differ from unlty 1t gives the velocity at a
definite point in the stream. The chief difficulty arises from the fact
that at any given point in a stream the velocity is not absolutely
constant, but varies a little from momt to moment. Dercy in
some of his experiments tool%.cven mdingu. and deduced tha
velocny from (he mean of th uhen and
is consists of & frame

§ 14
abed (5} 147) plac vertu-a!ly in lhe m'eam. and of a height nat
less than the stream's depth. e two vectical members of this

circutar bar, situated mythe vertical plane and ing & horizontal
g:aduated clrcle ¢f. This whole system is movable round its axis,
ing suspended on a pivot at g connctted with the fixed support

mn. Other horizontal arms scrve as he central wertical
rod gr forms a torsion rod, being at 7 to the frame abed. and,
passing frecly upwards through the guides, it carries 2 borizoutst
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‘needle moving over the graduated circle ¢f. The ¢, which
carries the apparatus, aleo receives in a tubular guide the end of the
torsion rod gr and a set screw for fixing the upper end of the torsion
rod when necessary. The impulse of the stream of water is received
on a circular disk x, in the plane of the torsion rod and the frame

ebad. To raise and lower the apparatus easily, it is not fixed directly
sliding on m. .,

d s0 that the disk x is at that level
is to be determined. The plane

to the rod mn, but to a tube
Suppose the apparatus g
in the stream where the velocity

F1G. 146.

abed Is placed parailel to the direction of motion of the water. Then
the disk x (acting as a rudder) will place itsell paratlet to the stream
on the down stream side of the frame. The torsion rod will be un-
strained, and the needle will be at zero on the graduated circle.
Af. then, the instrument is turned by pressing the needle, till the plane
ebed of the disk and the zero of the graduated circle is at right angles
to the stream, the torsion rod will be twisted through an angle which

the normal impul the stream on the disk x. t angle
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by the distance of the needle from zero. Observation
shows that the velocity of the water at a given point is not constant.
1t varies between limits more or wide. When the apparatus is
nearly in its right position, the set screw at g is made to clamp the
torsion spring. Then the needle is fixed, and the apparatus casrying
graduated circle oscillates. It
is not, then, difficult to note the
mean angle marked by the needle.
Let r be the radius of the torsion
rod, 1 its length from the needle
over ¢f to r, and &
torsion angle. Then the moment
of the col:gle due to the molecular
forces ia the torsion rod is
M=Elejl; . .
where E, is the modulus of elas-
ticity for torsion, and I the polar
moment of inertia of the section of
the rod. If the rod is of circular
section, l-’:r‘. Let R be the
radius of the disk, and b iws
leverage, or the distance of its
c:n&ue'lflrlom the uis;il:he torsion
rod. e moment of the pressure
of the warer un the disk is
Fb=kb(G/2¢)sR%*,
where G is the heaviness of water
and k an experimental coefficient.

Ele/I=kb(G/22)xR%,
For any given instrument,
v=cye,
where ¢ is a constant cocfficient for .
the instrument. . .
The instrument as constructed had three disks which could be
used at will, Thzirndiindlevmggminfee:

will be gi

FIG. 147. nY

18t disk . . .0052 o016
and ,, . . . 010% (.3
. 0:210 066

wo.o. .

For a thin circular plate, the coefficient k=1-12. Ia the actual

instrument the torsion rod was a brass wire 0-06 in. diameter and

64 {t. long. Supposing & d in degrees, we get by calculation
vm0-338Ye; 0-115V ¢; 0:042V &

Very careful experiments were made with the instrument. It
was fixed to a wooden turning bﬁd¥e. revolving over a circular
channel of 2 ft. width, and about 76 [t. circumferential An
allowance was made for the slight current produced in the
These experinrents gave {or the coefficient ¢, m the formulavmcy e,

13t disk, ¢=0-3126 for velocities of 3 to 16 ft.
and ,, on77 ., . 1ttost
3d 00349 ,, o, lessthan1 "

The instrument is preferable to the current meter in giving, the
velocity in terms of a single observed quantity, the angle of torsion,
while the current meter involves the ol tion of two quantities,
the number of rotations and the time. The current meter, except
in some improved forms, must be withdrawn from the water to read
the result of each experiment, and the law connecting the velocity
and number of rotations of a current meter is less well-determined
than that connecting the pressure on a disk and the torsion of the
wire of a hydrodynamometer.

The Pitot tube, like the hydrodynamometer, does not require &
time tion. But, where the velocity is a varying one, and
consequently the columns of water in the Pitot tube are oscjllating,
there is room for douht as to whether, at any given moment of closin;
the cock, the difference of level exactly measures the impulse
the stream at the moment. The Pitot tu‘e aleo fails to give measur-
able indications of very low velgcities.

PROCESSES FOR GAUGING STREAMS '

§ 146. Gauging by Ob. ion of the Maximum Surface Velocity.—
The method of gauging which involves the least trouble is to deter-
mine the surface velocity at the thread of the stream, and to deduce
from it the mean velocity of the whole cross section. maximum
surface velocity may be determined by floats or by a current meter.
Unfortunately the ratio of the maximum surface to the mean velo-
city is extremely variable, Thus putting ». for the surface velo;:;z
at the thread of the stream, and v, for the mean velocity of the wi
cross section, vw/ve has been found to have the following values:~

/0
De Prony, experi on small ch } 0-8t64
ExperimentsontheSeine . . . . . . . o062
Destrem and De Prony, experiments on the Neva
Boileau, experimentsoncanals . . . .
Baumgartner, experiments on the Garonne
Brinings(mean) . . . . . . . . . . o8
Cunningh Solani aqued . e e+ .+ . oOB23

ry

ok
0-80
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Various formulae, either empirical or based on some theory of the
vertical and horizontal velocity curves, have been proposed for
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divided into convenient compartments. The obeervati

determining the ratio sm/te. Bazin found from his exp the

i
to each compartment are then averaged, and the mean velocity -:
discharge calculated,

empirical expression
Y=ty —25-4Y (m1);

where m is the hydraulic mean depth and  the slope ol the stream.
In the case of irrigation canals and rivers, ¥t is oftes impareaat to
determine the discharge either daily or at otlicr intervals of t:me,
while the depth and consequently the mean velocity is varving.
Cunningham {Roorkee Prof. Popers, iv. 47), has ‘shown that,
for a given part of such a stream, where the bed is regular anil of
nt section, a simple formula mag' ound for the variation

of the central surface velocity with the d-:pr}.. When once the

constants of this formula have been determincd by measuring the
central surface velocity and depth, in diffczent conditions of the
stream, the surface velocity can be o y simply observing the

depth of the stream, and from this the moan velocity and dis harge

canbe Let 2 be the depth of the stream, and v, the surlace
velocity, both measured at the thread of the siream. Then v’ =¢s;
where ¢ is a constant which for the Solani aque t had the vuiucs
1-9 to 2, the depths being 6 t0 to ft., and the velocitics 34 to 4! ft.
W’llhout any assumption of a formula, however, the surface velocities,
or still better the mean velocities, for different conditions of the
stream may be plotted on a diagram in which the abscissac aredeths
and the ordinates velocities. The continuous curve through point1so
found would then always give the velocity for any observed deptis of

the stream, without of making any ncw float or current
meter observations.
147. Mean Velocuty determined by observing o Series of Swurface
1es.—~The ratio of the mean velocity to the surface velocity
in one longitudinal section is better ascertalned than the ratio of
the central surface velocity to the mean velocity of the whole cross
section, Suppose the river divided into a ber of compartments
by equidistant Tongitudinal planes, and the surface velocity observed
in each compartment. From this the mean velocity in each com-
partment and the discharge can be calculated. e sum of the
partial discharges will be the total discharge of the stream. When
wires or ropes can be stretched across the stream, the compartments
can be marked out by tags attached to them, Sup; two such
ropes stretched across the stream, and floats drop in above the

upper rope. By observing within which compartment the path of
the float lies, and noti e time of transit between the ropes, the
surfage velocity in each compartment can be ascertai The

compartment is 0-85 to 0-91 of the surface
velocity in thst compartment. Putting & for this ratio, and
%, % . . . for the observed velocities, 1n compartments of area
fh, @ ... then the total discharge is o
. Q=komtQmt (TU)

If several floats are allowed to pass over cach compartment, the
mean of all those ding to one partment is to be taken
as the surface velocity of that compartment.

This method is very applicable in the case of large streams or
rivers too wide to stretch a rope across. The paths of the floats
are then ascertained in this way. 'Let fig. 148 represent a portion
of the river, which should be straight and free from obstructions.

uppose 2 base line AB mcasured

parallel to the thread of the stream
and let the mean cross section of
the stream be ascertained either by
sounding the terminal cross sections
AE, BF, or by sounding a serics of
equidistant cross sections. The
cross sections are taken at right
angles to the base line. rs
are placed at A and B with theo-
dolites or box sextants. The floats
are dropped in from a boat above
AE, an gicked up by another boat
below BF. An observer with a
chronograph or watch notes the
time in which each float passes
from AE to BF. The method of
proceeding is this. The observer
A sets his theodolite in the direc-
tion AE, and gives a signal to drop
a float. B his instrument
on the float as it comes down. At
Fi16. 148 the moment the float arrives at
R C in the line AE, the observer at

A calls out. B clamps his instrument and reads off the angle ABC,
and the time observer begins to note the time of transit. B now
points his instrument in the direction BF, and A keeps the float on
the cross wire of his instrument. At the moment the float arrives
at D in the line BF, the observer B calls out, A clamps his instru-
ment and reads off the angle BAD, and the time observer notes the
time of transit from C to D. Thus all the data are determined (or
plotting the path CD of the float and determining its velocity. By
dropping in a series of floats, a number of sutface velocitics can be
determined. When all these have been plotted, the river can be

mean velocity in

11
11

A .,,...1’ E!P

it /1 i
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g It is obvious that, as the surface velocity is
‘Ml?ﬂ' i of this kind should be made in
vi o

weather.
ratio of the surface velocity to the mean velocity in the same
vertical can be ascertained from the formulae for the vertical velocity
curve Almdln)gi.ven (§ 101). Exner, in Erdbkam's Zeilschrift (or 57{1
gave the flollowing convenient formula. Let # be the mean a

the surface velocity in any given vertical longitudinal section, the
depth of which is &

. ofV =(1+0-1478Y A)/{140-2216v k).

1f vertical velocity rods are instead of common floats, the
mean velocity is directly determined for the vertical section in
which the floats. No farmula of reduction is then necessary.
The observed velocity has simply to be multiplied by the area of
the compartment to which it belongs.

148. Mean Velaily of the Siream from a Series of Mid D:ﬁi
Velocsties.—In the gau; ? of the Mississippi it was found ¢
the mid depth veloci tL ifiered by only a very small quantity from
the mean velocity in the vertical section, and it was uainfl by
wind. If therefore a series of mid depth velocities are de
by double floats or by a current meter, they may be taken to be the
mean velocitics of the compartments ui‘;hich they occur, and no
formula of reduction is necessary. I ts are used, the method
is precisely the same as that described in the last p ph for sur-
face floats. The &"h' of the double floats are observed and plotted,
and the mean taken of those corresponding to each of the compart-
ments into which the river is divided. The dnchu;: is the sum of
the products of the observed mean mid depth velocities and the
areas of the compartments.

§ 149. P. P. Boileow's Prma;{w Gouging Streams.~Let U be the
mean velocity at a given section ol a stream, V the maximum velocity,
or that of the principal filamerit, which is generally a little below tl
surface, W and w the greatest and leagt velocities at the surface.
The distance of the principal filament from the surface is y
less than one-fourth of the depth of the stream; W is a little less
than V; and U lies between w. As the surface velocities
change continuously from the centre towards the sides there are at
the surface two filaments having a velocity equal to U, The deter-
mination of the position of these filaments, which Boilesu terms the
gauging filaments, cannot be effected entirely by theory. But, (or
scctions of a stream in which there are no abrupt changes of N
their position can be very approximately assigned. Let 4 and ! be
the horizontal distances of the surface filament, having the velocity
W, from the gauging filament, which has the velocity U, and from
the bank on one sidAe/.l I‘hﬂ(w+ yC—

- 2w) -w)},

¢ being a numerical constant. From 7gauginz: by Humphreys and
Abbot, Bazin and Baumgarten, the values ¢=0-919, 0-922 and
9-9‘:; are obtained. Boileau adopts as 8 mean value 0-922.  Hence,
if Wand w are determined by float gauging or otherwise. A can
be found, and then a single velocity ol tion at A ft. from the
filament of maximum velocity gives, without need of any reduction
the mean velocity of the st ore icatly w, and U
can be measured (rom a horizontal surface velocity curve, obtained
from a series of float observations. :

150. Direct Determsination of the Mean Velocity by a Coirrent Meter
or Darcy Gauge.—The only method of determining the memn velocity
at a cross section of a stream which involves no assumption of
ratio of the mean velocity to other quantities is this—e plank
bridge is fixed across the stream near its surface. From this, velocities
are observed at a sufficicnt number of points in the cross section of
the stream, evealy distributed over its area. mean of these is
the true mean velocity of the stream. In Darcy and Bazin's ex-
periments on small streams, the velocity was thus observed at 36

points in the cross section. N
. 0 the stream is too to fix a bridge across it, the obeerva.
tinns may be taken from a t, or from a couple of baats witb a
gan| between them, anchored successively at a series of points
across the width of the stream. The position of the baat for each
nnel: of observations is fixed by angular observations to & base line
on shore. :

§ 151. A. R. Harlacker's Graphic Method of determining the Dis-
ckarge jrom @ Series of Current Meter Observations.—Let ABC (fig.
149) be the cross section of a river at which a complete series of

d by wind,

F10, 149

current meter observations have been taken. Let I, 11,111 ... be
the verticals at different points of which the velocities were measured,
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Suppose the depths at L, FL, TT1., . . . (fg. 149), set off as vertical
orcrims in ﬁ?lso. and on these wn(ml ordihates suppose the
velocities set off horizontally at their proper depths. Thus, if ¥ is
the measured velocity at the deinh A from the surface in fig. 149, on
vertical marked 11, then at [iL In fig. 150 take cd=k and ac =0,
Then d is a point in the vertical velocity curve for the verticat H.,
and, all the velocities {or that ordinate being similarly set off; the

curve can be drawn. Supposc all the vertical velocity curves k. . . .
V. (fig. 150), thus drawg. On each of these ﬁmdnw verticals
corresponding to veloci-

- ties of 1z, 2x, . ft.

second. Then for
ance ¢4 at II1. (fig.
150) is the depth at
_ which a velocity of 2x
ft. second existed
zn t! vendiql?l‘}l_l. in
. 149 an is sct
og al«h

I in fig. 149 it
gives a point in a curve

passing thmu&h points of the section where the velocity was 2x ft.
per second.  Set off on cach of the verticals in fig- 149 afl the depths
thu Curves drawn

s found in the corr?ondiug diagram in fig. 150.
Ny
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through the corresponding points on the verticals are curves of
equal velocity. .

‘The discharge of the stream per second may be rded as a solid
having the cross scction of the river (fig. 1445 asa and cross

Left bank

300
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408 +90 668 300 #2¢ 990 1N31220 I+&

Transformation ratio 10:1
[ ) [} s R
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sections normal to the plane of fig. 149 given by the diagrams in fig.
150. The curves of egpual vdogg( n?l‘lthe ore be considered as

contour lines of the solid whose volume is the discharge of the stream

resecond. Let Oy be the area of the cross section of the river, €,

. » « theareascontained by the successive curves of cqual velocity,
or, if these cut the surface of the stream, by the curves and that
surface. Let x be the difference of velocity for which the successive
curves are drawn, assumed above for simplidt{ at 1 f1. per second.
Then the volume of the successive layers of the solid body whose
volume represents the discharge, limited hy successive planes passing
through the contour curves, will be

Fx(-+0)). §2(Q +$%), and so on.
Consequently the discharge is
. Qe=x{{{D+0) Xm0+ ... +0eul.

The areas O, . . . Aman'tlyu:eruinedbynmnldthcrohr
planimeter. A olight difficulty arises in_the part of the solid lying
above the last contour curve. This will have generally a t
which is not exactly x, and a form more rou than the ot|
layers and less like a conical fr The vol of this may be
estimated separately, and taken to he the area of its base (the area

) multiptied by $ to } its height. :
Fig. 181 obowz the l’uulls one of Harlacher's gaugings worked

Mazimum' smj_hce nloéitg - V;l-s.;l.i 2

043 n-:om"';nnum 2680
Discharge per Second = Q= 141087 cubm-
Curves of equal velocily,

8
5
cut in this way. The upper figure,shows the scction of the river
and the positians of the verticals at which the soundings and gaugings
were taken. The lower gives the curves of equal veloaity, wor! ut
from the current meter obscrvations, by the aid of vertical velocit
curves. The vertical scale in this figure s ten times as great as in
the other.  The discharge calculated {rom the contour curves
14-1087, cubic metres second.  In the lower figure some other
interesting curves are drawn. Thus,. the uppermost dotted curve is
the curve through points at which the maxirfum velocity was found’;
it shows that lge maximurh velocity was always a little below the
surfaco, and at tgmerdegthuuheennethnnthesﬂu. The
next curve shows the depth at which the mean velodity. for each
vertical was found. The next is the curve of eqiial velocity corre-
sponding to the mean velocity of the stream; that fs, it pa
through points in the cross section where velocity was identical
with the mean velocity of the stream. - o .
o Hownr Micaes
$ 152. Hydraulic machines may be broadly divided into two
classes: (1) Molors, in which water desconding from a; higher
to a fower level, or from a higher to 2 lower pressurg, gives up
energy which is available for mechanical operations; (2) Pumps,
in which the energy of a'steam engine or other motor is expended
in raising water from a lower (0 a higher lavel. A few machines
such as the ram and jet pump combine the functions of-motor

* Right ¥ank
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and pump. It may be noted that constructively pumps are
essentially reversed motors, The reciprocating pump is a re-
versed pressure engine, and the cegtrifugal pump a reversed
turhine. Hydraulic machine tools are in principle motors com-
bined with tools, and they now form an important special class.

Water under pressure conveyed in pipes is a conwehient and
economical means of transmitting energy and distributing it to
many scattered working points. Hence large and important
hydraulic systems are adopted in which at a central station
water is pumped at high pressure into distributing mains,
which convey it to various points where it actuates hydraukc
motors operating cranes, lifts, dock gates, and in some cases
riveting and shearing machines. In this case the head driving
the hydraulic machinery is artificially created, and it is the con-
venience of distributing power in an easily applied form to distant
points which makes the system advantageous. As there is
some unavoidable loss in creating an artificial head this systein
is most suitable for driving machines which work intermittently
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(see Powxr Transmassion). The development of electrical
wethods of transmitting and distributing energy has led to the
utilization of many natural waterfalis so situated as to be useless
without such a means of transferring the power to points where
it can be conveniently appliod. In some cases, as at Niagara, the
hydraulic power can only be economically developed in very
large units, and it can be most conveniently subdivided lnd
distributed by transformation into electrical energy. Partly
from the development of new industries such as paper-making
from wood pulp and eloctro-metallurgical processes, which
require Ingeunounu of cheap power, partly from the facility
with which energy can now be transmitted to great distances
electrically, there bas been a great increase in the utilization
of water-power in countries having natural waterfalls, According
to the twelfth census of the United States the total amount of
‘water-power reported as used in manufacturing establishments
dn that country was 1,130,431 h.p. in 1870; 1,263,343 h.p:
in 1890; and 1,727,258 h.p. in 19000, The increase was 8-4%
in the decade 1870-1880, 3:1% in 1880~189d, and no less than
36 7%m 1890~1900. The increase is the more striking because

this census the large amounts of hydraulic power which are
tnnlmltted electrically are not included.

X11. IMPACT AND REACTION OF WA"I'ER
'lnmlmdﬁmdhuudymnmpmguonn
solid p vntha{oree equal and opposite
to'thltbywhichthe e and di of of the fluid
the impact o( ﬂmd-. “d:

are changed. Generally, in problems on

n?nryto lecttheeﬂectdfmﬂonbetweenthe
surface on
Da;mcglmpadlln VM,afﬂoﬂMvMybﬁcSnd’mu

oneamouonequaltothno(tlxemlxd and in the same direction, the
other a motion relatively to the solid. The motion which the fluid
has in common with the solid cannot at all be influenced by the con-
tact. The relative eomponem of the motion of the fluid can only be
altensd in direction, but not in magnitude. The fluid in
coritact with the surface can only have a rclative motion parallel to
the surface, vhlle the re between ‘h‘lsh Buid and -olld |f lncuon

o the
only azvu!le_btebe ﬂund mdlout altering the magmttade o( the :ehtlv;
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of the water leaving the surface. Take ag equal and parallel to fc.
Then, since ab is the initial and ag the s...'r?aomy.ndm’
motioa, gb i the total clun&eo! motion of the water. The resultaat
p on the plane is in the direction gb. Join ¢g. In the

vel
it, the devnted relative component give “the resultant final veloci

vhlch may differ greatly in magnitude and direction from the inigl
locity.

5 ual and Uel to df, and H ual and

Sl Pl Joo sl
is represented in magait,

side of an isosceles triangle, of which the

From the principk um, the i of mass of
e chang sides are equal to the relative velocity of the water and surface,
g}'m’::,’g %&"&'ﬁi" a:);gven time is Qw to nd llel to etl‘:e initial and final dxrecugoo{ relative motion.
the fluid dluxfme y direction, {s ulltothe lnn of
pntum § " mof %0 much ﬂutaqu reaches tﬁe tu‘r:nce Srzcias Casss . .
monemond lfP.ndxepmwmmtJdtrecuon.uthem §155. (1) A Jet impinges on o plone sarface at rest, i o direction
o(ﬂmdmpmgingpuucond.v.thechmge velocity in the direction to the plane (fig. IM)—Letllet section is w impinge
of Ps due to impact, then with a velocity onnrhnenufwutmt. .
Pommee. m a d:mctwn e oha M“Inhe
1t 152) is the velocity and direction of before par ne, are 'y
:‘h?‘ &’)mp.a then v is the total change ol motion due to | deviated, and nall ﬂ"" l“‘)‘gﬂnllﬂw
mpact. The resuitant pressure of the theplue.havmg “"e‘:"‘neg’n:‘;;'t’;
riace di the j
w7 f." i ::f..'l"mm:.’u'&ﬁ the maas | Of water "“vaﬂg wecond s ww. The
1 /! ng per second. pu pressure on w is equal to
¥ P or mnlnnl; ptessure, }?’: SGZ)""O‘ momentum per , is
s . 4 ne i3 moving ¢n the direction
/ Let P be resolved into two com t
/KRl e o s °"*~“"““ Py o oy

Vs
F1G. 152,

dmotmdlhe-ohdonwhn:h

the ﬁud lmp:nges ‘l‘hm N is a lateral

force producy on the supports

of the solid, Tuaneﬁmwhmbdoaworkonthamhd. 1f u is the

vclocntydthesolid T-ﬂthemkdonepefneoondbytheﬂundln

) b the Vel and GQ th weight of the fuid impi
ume, e t ui

per second. and let bethnmualvelo:ltyol the fluid before

the surface. Then ng

wt/ag i n the original kinetic energy of Q cub.

ft. of fluid, and the of the stream consi as an arrange-
ment otmovmgthe»hdn:uyf(mn
-T 2
§ 150 Jet n 3I(GQD|IE) s '.__,,, .

momentum ol‘ this quaatity before impact
Glg)a(n—u)v Alter un’;:u:t the water
l»tl the velocity = in the
direction of the jet; and the momentum,
in that direction, of :lo :‘:uch water as
im| 1N one secon ter im| is
fc'}‘ﬁ(.- u)u. pressure p:ndthe
phnz, whu;h is the change of momentum
m‘m  is the dilference of these quantities ot P-(Glg)u(v- u)t.
differs from the ion obtained in the previous case,

in that the relative velocity of the water lnd plane om = is sube
d fory. Th maybe written P g X G Xw(ve u)V2g.

where the last two terms are the volumohpmmo(nwwh:e

Fic. 184.

153).—Su, with a
v&oc:tsy3 ab, an 5 let it i: wholly devutd in plancs pnrallel t.o the
Also let ae be the velocity and direction of motion of the

lstheamdthc'l)he:andubmlennhutheha
to the rek on the
weight of that prism of water. Themkdo

, done,

d due
ne is twice the
ththno
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is moving in the same direction as' tbe jet is P-=(c/g)-(- »)'s
llm-pwudlpuleoond issue {rom the jet we cub. ft.
B Ao ooy S0 oy Wil |
The value of % which i b; "
and equating the differential coefficient to zerq:—
dvjdu --(v'-mﬂ:"-)l-' =0;
%=y Or
The fofmﬂpvu-mmmum.tbe htwamnmnmeﬁuency
Putting = §» in the expression above,

) If, instead of one hmmovmg&loretbe » & series of planes
lm(amtmdu ced at lhon":ntewuh at the same pmmm the umt’h’y o(
nmunpmnngon thelene'vnllbeumstuddo
vhole ure = (G, g)a(v—s
ncy g (| )wl(H)-O-(G 3;)#-”&-1
cornen s mlxlmnm for dv - (v-eu =0, or --k. and the q-}
This result is often used as an approximate expression he velocity
of greas eﬁmmywhmuj«dm«nnkatheﬂundlnt«
whee!. The work wasted in this case is half the whole energy of the
jet when the floats run at the best speed.

i 186. (4) Case of & Jet impinging on a Concane Cup Vaxe, velocity
of water v, velocity of va:'e( in t!;e same direction u (fig. 183), weight
per second = )
1€ the cup is hemispherical, the water leaves the cup in a
paraliel to the jet. Its relative velocity is - when ap-
proachivg the cup, lnd
- (v %) whea leavi

Hence its absolute vel ty
when luvmc the cup is
. -(-%) mwau~9. The

o ha mosmentum
leoond = (G/g Sv-u) v -
2% ~9)) = 2 ;)u(- u).
omponng this with case 2,
it is seen that the pressure
on a hemispherical cup is
qu-v *ouble that on a flat plane.
Fic. 155. he k done on the
cup=3(G/gl (v~u)x foot-
poundl per second. The efficiency of the jet is greatest when vw3u;

in that case the efficiency = }§.

1 a series of cup vanes are introduced in lront of et. so that the
quaatity of water acted upou is wv instead of w(v-u), then the whole
on the chain o( cups is (G/glovjv—(2u-0) :(G/‘)w(v-a)
the ncy is greatest when v =2, and the um

n this case

eﬁcmn:y is unity, or all the energy of the water is expended on the

(s) C a FlatVane obligue to the Jet (fig.156).—This case
rs, o Nlcﬁ::, alty. Thewa‘zfuuprudluggt in all

presents some di

i-‘xo. 186.
directions from the point of impact, different particles leave the plane
with different te - velocities. Let --- ity o( water,

HYDRAULICS

The work done is Ggm(ﬂ)

normall orob
normally hq

87

hmﬁemumdlhmuh-ml Hence the
during i wAE=y cos o-u cos & The
wdmmwmﬂ,wmnnqmdyth normal

4Fic. 187.
ure on the llnekN=(Gl 'euﬂco.l press
n t dnnctwnﬁn phﬁg( is -Nm;-(#)g
?oon-«ou oo-i andtheworkdomon
(‘g)Q(teon conl)umt vhkbhthe-m
singe AE =g, 008 0 =v cos e~ cos 6.
lnoneleoondthephmmovulothnhewmth(ﬁ[ ls&)m

shown in full lines to the
Eo- shown in dotted
“n:es. I(thephneumAa‘i;ned
- -
e e Ting o
the , but, sinoe t|
mov:im -mhdilecﬁohn
as the the lengt
:ll‘le!-A A pungu on
ButAH-AC cosdfcosam

% cos &/ cos e, and therefore
HB=my—x cosé/cas . Let
wmsectional area  of :
volume im ing on

rer second mQmeu(y-% cos
/cos

above, we get

Fra. 158 -
a)=w(y cos a~u cos l)/ cos «. Inserting this in the formulae

(1)

N-—c?(v Cos &~ cos §);

P=2 “m'(vm---ml)’. )
Pl--ul-—(vewu--oo-l)' [€)]
Three cases my bedutm*h
(a) The plane is at nn-o,N-(G/g)u'oon- mdthe
work done on the plane and
$b The plane moves lel to the Then &-s. tnd Py=
(G/g) wx cos Ya(v—u)?, which is 8 maximum when u=
s={p then Px max. =g (G/g)s? cos ta, the efficiency

08 %a.
plane moves : larly to the jet. Then § =90°—a;
€08 $msin ¢; and Pu-‘—wu-'-'—'!-!(v cos a-wsine)’. This i a maxi-

mum when = {y cos a.
When x = §v cos «, the maximum work and the efficiency are the
same as in the last case.
§ 188, Best Form Vane io receive Water. —When nter impmgu

on a phne, it is

Ag-u-vdom of plane, ‘Ihen. complezhs
represents in magnitude and direction the refative velocity of
water and plane. Draw AE normal to the planeand DE panl!d to
the plane. “Then the relative velocity AD reg as cons
lm of two components,one AE i, the other E Uel to
ne On the assumption that riction is insensible, DE i is
z‘mpan but AE is destroyed. Hence AE represents
t.he enure ¢ e of velocity due to impact and the direction of
that change. pressure on the plane is in the direction AE, and
ks amount is »mass of water imping muE second X AE.

Let DAE w6, and let AD =¢,. Then AE =g, cos #; DE =9, sin 0.
I Q is the volume of water impinying on the plane per second,
the chatige of momentum is (G/¢)( cos 0. AC---vebuty
of the phne. and let AC make lh uigle CAE-I with the nam\al

to the The velocity of Ll n_the direction
-co-l mworkohhn on the planc= GI )Quou. an‘.
me p-oblem may thus treated (6g. ISL

Lﬂ Br\F-b.and CAF =3§. Thnnbcuy'dthentumy
To&d into AF = cos « normal to-the plane, and FB=v sin «
lel to the plane. Similarly the velocity of the plane =u=AC =
un be decom| into BG = FE = cos 3 normal to the plane,
and DG = »in 3 paralle! 1o the plane As {riction is lected, t
velocity of the water parallel to the phn: = unlﬂen::‘by the im.
pact. but its vcos e te the plane becomes alter

nd the work earried away by the wa!er is thzn gener-
nlly lost, lmm the impossibility of dealing alterwards with streams of
water deviated in s0 many directions. By suitably forming the vane,

. F1G. 159
however, the water may be entirely deviated in one direction, and
he | the loss of energy from agitation of the watet is entirely avoided.

Let AB (fig. 159) be a vane. on which a jet of water im at
che point A dad in the oy o

direction AC. Take AC=y=
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water, and let AD represent in itade and direction the velocity
of the vane. Completing the , DC or AE represents the
direction in which the water is mowing relatively to the vage. H
the lip of the vane at A is tangential to AE, the water will not have
its direction suddenly cha: when it impinglu on _the vane, and
will therefore have no tendency to spread laterally. On the contrary

it will be so gradually deviated that it will glide up the vane in the
direction AB. This is sometimes ex gy
i. va.Pucdﬁ“WakrM—-!MAC (fig. 160) repre-
159. 2 3
nent&dire‘ctiono(athinfwriwnhlmd

saying that the vane

water having the

| b B

Ay o

welocity #., Let AB be a curved float maving horizontally with
velocity s. The relative motion of water and float is then initially
izontal, and equal to v—w. ]

In order thatae float may receive the water without shock, it is
necessary and suflicient that the lip of the ficat at A should be
tangential to the direction AC
(v—=x)/g seconds the flgat moving with the velocity ¥ comes to the
position A;By, and during this time a particle of water received at

HYDRAULICS

of relative motion. At the end of { -

[AMPACT AND REACTION

d? u.~The relative velocity wy—u. The final velocity BF (fg. 162)
is found by combining the relative velocity BD =v—u tangential ta
the surface with the velocity BE = of the surface. The Intensity of
normal pressure, as in the last case, is (G/g)t(v—x)*/r. The resultant

L {F16. 162, :
normal pressure R = 2(G/g)b{v—w)tsin § ¢, is resaltant pressure
may be lved into two P l!and .one parallel and tne
other perpendicular to tﬁe direction of the vane's motion.
former is an effort doini‘work-on the vane. The latter is a fateral

{orce which 10 wo ,
P=R sin }o=(G/g)di(v—x)*(1~c0s¢); -
The L =Rcos §o=(G/g)bt(o—x)sin ¢
the j he i - btw (v~ -
con ). WHEh '3 rassamiom when 4 =B, T rorsi e a0 be

Y a
v—u)'/:ﬁ.e At E the water comes to relative rest. [t
) float, and when after 2(v—x)/g veconds the
flcat has come to AeB, the water will again have md{ ed the lip at

A up the float with the rel v—u,
Ieight DE =
then descends

A; and will quit it tangentially, that s, in the dirpction CAs, with
a relative ity — (v —u) = ~v (3;0!;:2 acquired under the influr
‘emﬁeo' vity. absolute veloct the water leaving the float
ist

ore &~ (9—u) =28 —~9. If x=} », the water will drop off the
bucket deprived of all energy of motion. The whole of tge work
of the jet must therefore have been m&d in driving the float.
The water will have heen received without shock and discharged
without velocity. This is the principle of the Poncelet wheel, but
in that case the floats move over an arc of a lasge circle; the stream
of water has considerable thickness (about 8 in.); in order to get
the water into and out of the wheel, it is then sary that the lip
of the float should make a smal? angle (about 15°) with the direction
of its motion, The water quits the wheel with a little of its energy of
motion remaining. : .

§ 160. Pressure on a Curved Surface when the Waler is deviated

Jering that the work done on the plage must be

equal to the energy lost by the water, when friction iuzzleud.
If ¢=180° cos ¢= =1, 1—cos ¢=2; then Pw=w2(G/g)di(v-u]",

the same result as for a concave cup. e
“"g 163. Position whick a Movable Plane lakes in Flowing Waler.—
When a rectangular plane, movabie about an axis pnullefto one of
its sides, is placed in 2n in-
definite current of fluid, it
takes a position such that the
resultant of the normal pres-
sures on the two sides of the
axis through the axis.
If, therefore, planes pivoted
so that the ratio a/d (fig. 163)
is varied are placed in water,
and the angle make with
stream is

th
the direction of ¢
observed, tfhe position of the
of

wholly in one Direcsion.—When a jet of water irpinges on a curved
surface in such a direction that it is received without shock, the
pressure on the surface is due’to its gradual deviation from its first
direction. On any portion of the area the pressure is equal and
opposite to the force required to cause the deviation of 30 much
water- as rests on that n tanguage, it is equal
to the centrifugal force of that quantity of water.
Case 3. Surface Cylindrical and Stationary.—Let AB (5&‘161)
be the surface, having its axis at O and its radius =7, t the
o Ty, weal
. . a uit the surface tangentially
b 0B Since the surface 5 at rest,
v is both the absdlute velocity of
the water and the velocity relatively
to the surface, and this remains un-
changed: during contact with the
surface, because the deviating force
- is at each point icular to
_the direction of motion. The water
6 deviated through an asgle
BCD=~AOB=¢. Each particle of
nmg{ wel ht P;"fm radialtlz
a centrifugal force poifrg. Let ¢t
thickness of the stream =¢ ft. Then
the weight of water resting on
and the normal pressure per umit of
surface =n=Git/gr. The resultant of the radial pressures uni-
formly distributed from A to B will be a force acting in the
direction OC bisecting AOB. and its magnitude will equal that of &
force of inmﬁty;%uting on _the proj oo a plane
1

rojection of Al
perpendicular to tl rection OC. Tge ngth of the chord AB=

F16. 161.
unit of surface=Gt D:

2r sin |¢: let b=breadth of the surface perpendicular tp the plane
of the figure. The resuft p e on Thae
=R =2 sin® x CL2 2 Cpngind.
R 215:11!2)(‘ - 2‘Wsmz.

which is independent of the radius of curvature. It may be inferred
that the resultant pressure is the same for any curved surface of the
same projected area, which deviates the water through the same

Cose 2. Cylindrical Surface moving in the Dirsction AC with Velo-

F16. 163,

the p on
the plane is determined for
different aﬁgular positions. Experiments of this™ kind*bave been
agen ollowing

made by Some of his results are given in the
table:—
Lagger plane. | Smaller Plane.
afpm1-0 ¢=... 4=90°

o 75% 724*

o :g: 57,

06 25: “:

0§ 1 1

04 g' %i'

03 64°

02 4

§ 162. §Dirt¢)l Action distinguished from Reaction (Rankine,
e, § 147). ‘M
e pressure which & jet exerts on a vane can be distinguished

im(o)t‘_rlghcpans. viz.:— ¢ b o
[} pressure agising from ¢ ing the direct component
{ n‘l(y of the vuaponln fig.

the velocity of the water into the vel
153, § 154, ab cos dac is the direct component of the water's velocity
or component in the direction of motion of vane. This is changed

into the velocity ae of the vane, The pressure due to direct impulse

is then .
P, =GQ(ab cos oe—ad)/g. . ,
For a flat vane moving normally, this direct action is tbe only action
producing pressure on the vane, - . .
@) The term ion 3 ?

is ‘applied to the additionai astion dye to
the direction and ity -wit » . )
vane. It is'this Mv?'witsy"“t'h' o th:ho ool o drm
water and the vane. [n Case 2, § 160, the direct pressure is. -
Pi= Gty —u)/g. o
That due to reaction Is
Py= ~Gbi(v—u)icas dyg.

If $<90°, the direct component of the water's metion is not
whally converted into the velocity of the vane, and the whole
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me-qnduwdim,imudniamsobhlnd. M $>90°% cos $ is
o "
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a0 expression lite that for the

8y

re of an isolated fet on an

ve and an additional p ue to. y ded plane, with the addition of the tcem in brackets,
ils.htv}’mpdlev.—lntheaaed vesstls propelled by a jet of | which ds only o the areas of the stream and the plane. For
water (fig. :64), driven sternwards from orifices at the side of the | a given p the expression in brackets dimins as Qi
: . L ve water, originally at rest out- | If Q/w=p, the equation (4) becomes
side % is drawa into the ship o H .
and caused to move with the forward ~ R"G";—‘gﬁ(a':q"l) ‘- X {4a)
welocity V of the ship. Aft rds it is 1 which is of the form : . :
projected sternwards (rom the jets with R=Gua#/3pK,
a

v relatively to the ship, or

-V tively to the earth. If O is
the total sectional area of the jets, Ovis
the quantity of water discharged per
second. momentura generated per
sternward direction is

F16. 164.
Glp)as(s~V), and this i i
s:hlfc)h (e V)‘b"hip. is equal to the forward acting reaction P

Thecnmnrriednnybythenl&

second In a

. ’ =§{Gle)m(o~VP. (1)
. The usefu! work done on the ship .
(and PV=(G/glovr—-V)V. (2)
Mdi:;g‘ l.rzc‘tion(::)-' we get the whole work expended on the water,
We=HG/g)ars~Vr).
. Hence the efficiency of the jet propeller is
PV/W=3V/(s+V). @)

This inereases towards unity as v approaches V. In other words,
the less the velocity of the jets exceeds that of the ship, and there-
fore the greater the area of the orifice of discharge, the greater is the
efficiency of the propeller..

In the " Waterwitch ” » was about twice V. Hence.in this case
the theoretical efficiency of the propeller, felction neglected, was
about {. .

§ 164. Pressure of a Steady Stream is a Uniform Pipe on & Pland
sormal to tee Dsrection of Motion.—Let CD (fig. 165) be a phnq,

iAo Ay

placed normally to the stream which, for simplicity, may be su
ro‘al to flow ’ilorimlaﬂy‘ The fluid ﬁhmez‘g are de’\'ria!ed ?-
ront of the plane, form a contraction at AA;, and converge again,
leaving a mase of eddying water behind the plane. Suppose the
section AsAs takea at & point where the paraliel motion has not
begun to be disturbed, and AsAs where the parallel motion is re-
established. Then since the same qQuantity of water with the same
wvelocity -passes M.} AsAs in any givea time, the external forces
produce no change of momentum on the mass AjAsAsA,, and must
therefore be’in equilibnum. If Q is the section of the stream at
AsAs of AtAy, and w the area of the plate CD, the area of the con-
tracted section of the stream at AjA; will be ce(—w), where ¢, is the
coefficient of contraction. Hence, if v is the velocity at AsAy or AsAs,
and o, the velocity at AjA.,
. W =cn(f—w); . .
Let A be th .'.ﬁ-m{;.(ﬂ—u]t bree’ A (n
t Py the pressures at the three sections. Applyi
Bermoutl thegeein 1o the scctrons Ass 43d Acn "

* "
B84
Also, for the sections AiA; and AsA,, allowing that the bead due
to the selative velocity » —v is lost in shock:—

'Y *  (n-0),
fE-R+ O,
] Sy Gln—o)/2g; (2)
or, introdueing the value in (1), - 7 .
p...’...c' aQ__ . ).l"'
52 Co{2~w, ' A @

Now the ‘external forces im the direction of motion scting on the
mass AdAsAs/y are the pressures p2, — at the ends, and the
reaction ~ R of the plane on the water, which is equal and ite
to the pressure of the water on the plane.  As these are in equilibrium,

{po~p)3—~R=0;

. o .
- ?z-cn(m-:;’—n = W

:hmxw'oﬂymtmnaoaﬁem-aqamm
ne.

For example, let ¢, =0-85, a value which is probable, if we allow
mtmddghdthepipelgtuintw%tqum

K=p ('1-176'—5—‘-1)'.
“Kmj

2-00

...
88 uarwnme

. ' -3:50

The assumption that the coefficieat of contraction ¢, is constant
for different values of p is probably only true when o is not very
large.  Further, the increase of K for large values of p is contrary to
ex| , aad hence it ruay be inferred that the assumption-that
all the Gl ) have 2 locity o at the section AjAy and
a common velocity v at the section Agfg i3 not true when the stream
is very much larger than the plane. Hence, in the expressioa

R=KGoe*/2¢, .
K must be determined by experiment in each special case. For a
cylindrical body putting w for the section, ¢, for the coefficient of
contraction, ¢.(3—w) for the ares of the stream at AlAy,
tting pe= n=ofc, (O—w)i n=el/(C—w); -

or, pu p=
: "3-.-»".(,-:),..‘-»{(,—:).;
Then ;

Rw KiGert/2g,’

- 11 - ] p - *) -
K=ef (&) (2-) '+ G5}
Taking c,»0-85 and p=3, Ki=0:467, a value less than before.
Hence there is less pressure on the cylinder than on the thin plane,
§ 165. Distribution of Pressure on a Surface on whick a Jet impinges
na. y—The principle of momentum glves readily enough, the
total or resultant pressure of a jet lrnpnr}ing on a plane surface, but
in some cases it is useful to know the distribution of the pressure,
The problem in the case in which
the plane is struck normally, and
the jet -in el directions, ‘i
+one’of great complaxity, but -even
in that case thé masimum intensit
of the pressure is easily
_Each layer of water flowing {rom
an orifice is gradually - deviated
'}ﬁz. 166) by contact with the sur-
ace, and during deviation exércises
a centrifugal pressure towards the
.. axis of the jet. The force ewerted
by each small mass of water is
normal to its path and inversely as
the radius of curvature ol the path,
Hence the greatest pressure on t!
Yhae must be at the axis of the jet. and the pressure must decrea
rom the axis outwards, in some such way as‘is shown by the curvp
of pressure in fig. 167, the branches ol the curve being probably
as mptpnclgq the plane. he' st A (g, 167) be
or simplicity su the jet fs a verticad one. ’.n . 107
the depth of the or?gce {romn the free surface. and o the velocity of

F16. 166,

discha Then,if w is the ares of the orifice, the quantityof watey
impinging on the plane is obviqusly . '

Q=um =u v (2gh); o
that is, supposing the orifice ded, and neglecting the coefficient

of dnch\:?e. . .

“The velocity with which the fluid reaches the plane is, however,
greater than this, and may reach the value

vemViagh): 1 -

where A is the depth of the plang below the free surface.” The
external la of fluid swbjected throughout. after leaving the
orifice, to the atmospheric pressure will attain the velacity v, and
will flow away with this velocity unchanged except by friction.
The layers towards the interior of the jet, being subjected to a pressure
g than atmospheric p will attaie a » and 20
much less as they are nearer the centre of the jet. But the pressure
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in 0o caso exceed the pressure w/2¢ or b messured in feet of

c:a':e:oﬁl::}ncﬁono( mthnohheligter'ouldbemmnd.nd

there would be reflux. Heace the maxil i ity of the pr
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of the jet on the plane is & (t. of water. If the pressure curve is
drawn with pressures represented by feet of water, it will touch the
free water surface at the centre of the jet. .

Suppose the p curve d 20 as to form a solid of revolu-
tion. The weight of water contained in that solid is the totai
pressure of the jet oa the surface, which has already been deter-
mined. Let V =volume of this solid, then GV is its weight in pounds.
Consequently

GV-(G{lg)wuv:
V =2y (k).
We have already, therefore, two conditions to be satisGed by the
pressure curve. e
Some very interesting experiments on the distribution of pressure
on a surface struck by a jet have been made by J. S. Beresford
(Prof. Papers on Indian Enrgineering, No. ccexxii.), with a view to
afford information as to the forces acting on the aprons of weirs.
Cylindrical jets } in. to 2 in. diameter, issuing from a wvessel in
w‘ich the water level was constant, were allowed to fall vertically
on a brass plate 9 in. in dlameter. A small hole in the brass plate
icated by a flexible tube with a vertical pressure column.
Arrangements were made by which this aperture could be moved
¥4 in. at a time across the area struck by the jet. The height of the
pressure column, for each position of the aperture, gave the pressure
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at that point of the area struck by the jet. When the aperture was
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F1G. 168.—Curves of Pressure of Jets impinging normally on a Plane.

exactly in the axis of the jet, the pressure column was very nearly
level with the free surface in the reservoir supplying the jet: that is,
the pressore was verz nearly t#/2¢. As the aperture moved away from
the axis of the jet, the p iminished, and it b i bly
smai! at a distance from the axis of the jet about equal to the dia.
meter of the jet. Hence, roughly, the pruum.duedto (ﬁe'h d

{IMPACT AND REACTION

Fig. 168 shows the p curves obtained in three exp
with three jets of the sizes shown, and with the free surface level in
the reservorr at the heights marked.
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As the general form of the pressure curve has been already indi-
cated, it may be assanved that its equation is of the form

ymal [Q4]
But it has already been shown that for x =0, ymk, hence a=h.
To determine the ini the other dition may
used, that the solid formed by rotating the pressure curve represents
the total pressure on the plane. The volume of the solid is
V= J: 2rxyds
....
maeh [ 5 nde
) g
" mwkflog.b.
Using the condition already stated,
20V (RRi) -rMog.l.
fog « b = (x/2w)V (h/A)).

Putting the value of 4 in (2) in eq. (1), and also 7 for the radius of
the jet at the orifice, 50 that w==7?, the equatiop to the pressure

curve is
(¥4
ywhel \I‘—',-

§ 166. Resistance of a Plane moving through @ Fluid, or Pressure
of a Current on & Plame.—When a thin plate moves through the
air, or through an indefinitely large mass of still water, in a direction
normal to its surface, there is an excess of pressure on the anterior
face and a diminution of pressure on the posterior face. Let v be
the relative velocity of the plate and fluid, 2 the area of the plate, G
the density of the fluid. A the height due to the velacity, thea the
total is d by the i :

R:-jGn viag poun;k =fGOk;
where f is a coefficient having about the value 1-3 fora meving
in uillfﬂuid, and |-8'}or a current impinging on .i.u‘;‘,f:."mm
Thereisa

the fluid is air or water. The difference in the value of the coefiicient
in the two cases is perhaps due to errors of experiment. i

similar resistance to motion in the case of all bodies of ** unfair ™
form, that is, in which the surfaces over which the water slides are

over an ares about four times the area of sectioa

not of g and ¢ curvature.
The stress between the fluid and plate arises chiefly in this way.
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The streams of fluid deviated in front of the plate, supposed for
defini ing through the fluid, receive from it forward

tum. Portions of this forward moving water are thrown off
!.nmgul?ant.t.be edges of the plate, and diﬁuseJ through the surround.

ing instead of. falling to their original position behind the
plate. Other portions of comparatively still water are d into
motion to fill the space left behind the plate; and there is thus a

Jess than hyd i at the back of the plate. The

n b é ¥
whole resistance to the motion of the plate hltl':e_ sum of the excess of

pressure in front and deficiency of pressure b is resis
18 independent of any friction or viscosity in the fluid, and is due
simply to its inertia resisting a sudd ge of direction at the

edge of the plate. . L. R R
Elperiuenu made by a whirling machine, in which the plate is
fixed on a long arm and moved circularly, gave the following values
of the coefficient f. The method is not free from objection, as the
centrifugal force causes a flow outwards across the plate.

Rppnzin;ahte Values of £.

t

"nsq.fe " | Borda. | Hutton. [ Thibault,
o013 139 1-23 .o
02§ 1-49 143 1-328
063 x-& .. .
1-11 . 1-784

There is a steady increase of resistance with the size of the plate,

h part or wholly due to centrifugal action. .
. E.L. G. Dubuat (1734-1809) made experimants on & plane 1 ft.
uare, moved in a stedight line in water at 3 to 64 ft, per second.
aﬂing m the coefficient of excess of ure in front, and » the
coefficient of deficiency of pressure behind, so that fem4-s, he
found the following values:— i :
me=1;nw0433; f=1:433. ’

The res were measured tg pressure columns. Experiments
by A. ‘ Morin (1795-1880), G. Piobert (1793-1871) and 1. Didion
(1798-1878) on plates of 0-3 to 2:7 sq. ft. area, wn 2
through water, gave f=2-18; but the experiments were made in &
reservoir of comparatively small depth. For similar plates moved
thmughh_li‘: they found fm=1:36, a result more in accordance’ with

wl X .
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Let AB (fig. 170). be a plane moving in the direction R maki
an ‘nih ¢ \vﬁiﬁ: tze lane. The muh:‘nt pressure between the lﬂ‘ﬁ

and the plane will be a normal
pressure N. The component R
of this normal peressure is
resistance to the motion of the
Ela_ne and the other component
is a latera! force resisted by

the guides which support the
plane. Obviously

R=N sin ¢;

LN cos ¢.
Iri the case of wind pressure on
a sloping roof surface, R is the
horizontal and L the vertical
compouent of the normal pres. .

sure.
iments with the whirling

In y
motion, R, which is directly measnted.

chine it is the resis
d. Let P be the pressure on a
plane moved normally throush a fluid. Then, for the same plane

inclined at an angle ¢ to its

irection of motion, the
found by Hutton to be

resistance was

R=P(sin ¢)ries cu é.
DA lingglg: and non .l:onveniam expression given by Colond
R =2P sin® ¢/(1 +sic® ¢).

Consequently, tne total préssure between the fluid and plane ks
N=2P sin ¢/(1 +sin? ¢) =2P/(cosec ¢ + sing), ’
and the lateral force is . :
L= 2P sin ¢.cos ¢/(1+sin? ¢). .
In t872 some experiments were made for the Aeronautical Soclety
on the préssure of air on oblique planes. These plates, of 1 to 2 ft.
uare, were bal: d by ingeni hanism designed by F, H.
enham and Spencer Browning, in such a manner that both the
pressure in the direction of the air current and the iateral force were
separately measured. These planes were placed o te a bhast
fronva fan issuing from a wooden pipe 18 in. square, re of
the blast varied from 4% to 1 in. of water pressure. The following are
the results given in pounds per square foot of the plane, and & com~
rison of the imental results with the pressures g

ic! ede. hed ) e
s . . hemin’s role, These last values are abtained by taking P =331
Fornﬁutrncphmmamwmgcumto(vaml-:.Mmh‘nd e tair '
f-l-g.‘ed Dugwbdn. :‘b v.-:gp::lim;.lnu-ir;,n current g‘f water l‘iske zh}m the observed prossure on a normal surface:—
menti above, obtained the values m=1.186; n=0-670: f= —
1-8?6. Thibault exposed to wind pressure planes of 1-t7 and 2§ A"s‘e between Plane and Duccuon% 15° | 20° { 60° | o0®
8q. It. area, and found f to vary from 1-568 to 2-125, the mean value of Blast . . . . ... .
being f=1-834, a result agrecing well with Dubuat. Hori - R
§ 167. Stanton's Expersments on the Pressure of Air on Surfs { Bttt i °‘z 0-65 12-73 | 3-81
At the N ! Physical Lab ry, London, Tt E. Stanton carried teral pressure o 16 1196 1126 | ..
out & series of expériments on the distribution of pressure on surfaces Qnma{ pressure v L* 4 ., o {165 [2:08 13-01 | 3-38
in 2 cutrent of air passing through an air trunk. were on a ormal pressure by Duchemin's rule | 1-60§ |2-027| 3-276] '3-3t

small scale but with exceptionally accurate means of measuremant.
experiments differ from thase already gwen in that the plane
is small relatively to the cross section of the current (Proc. Inst.
Civ. . clvi,, 1904). Fig. 169 shows the distribution of pressure
on a square plate. ab is the plate in
2 vertical section. ach the distribution
of pressure on the windward and adb
that on the leeward side of the céntral
section. Similarly aeb is the distribu-
tion of presure og the windward and
afb on the leeward side of a diagonal
[+ section. The intensity of pressure at
‘e the céntre of the plate 0n the windward
side was in all cases p-Gt'lzf 1) %er
#q. ft., where G is the weight ol a cubic
\ _. foot air and » the velocity of the
3% current in ft. per sec. On the leeward
side the negative pressure is uniform
[ ] except near she edges, and its valoe
depeads on the form of the plate. For
a circular plate the pressure on the
leeward side was 0-48 Gvg:, and for
a rectangular plate 066 {2¢. For
ircular or square plates the resultant
pressuve on the plate was P =0.00126
b per sq. ft. where v is the velocity
of the current in ft. per sec. On a lon
| was nearly 60Y

d
F1G. t69.

Rarrow r ta te the p
:tqr than on aci ¢t plate. :In later tests on larger planes in
air, & found resi 18%:gs

¢ 0 s than those observed
vnihwu;nﬂ planes in the air trunk,

.. Case when the Direction of Motion is oblique to the Plame.—-
i p between a fluid and surfate in this
S R e e e

t ue to on I3 roofs,
and experiments have been mnre‘;;ul-.l:tton. mcge. and "i‘hibault on
planes moved circuldrly through air and water on a whirting machine.

détermi of the

" Warer. Motors

In every system ot machinery detiving energy from a nstaral
water-fall there exist the following parts:—

1. A supply channel or head race, leading the water from the
highest accessible level to the site of the machine. This may be
an open channel of earth, masonry-or wood, kaid at as small a
slope as is consistent with the delivery of the necessary supply of
water, or it may be a closed cast or wrought-iron pipe, laid at
the natural slope of the ground, and-about 3 ft. below the surface.
In some cases part of the head race is an open channel, part
a closed pipe. The channel often starts from a small storage
veservoir, constructed near the stream supplying the water motor,
in which the water accumulates when the motor s not working.
There are sfuices or penstocks by which the ‘supply can be cut
off when necessary. : .

2. Leading from the motor there is a tail race, culvert, or
discharge pipe delivering the water after it has dome its work
at the lowest convenient level. .o . .

3. A waste channel, weir, or bye-wash is placed at the origia
of the head race, by which surplus water, in floods, escapes. |

4. Themotor itself, of one of the kinds to be described presently,
which either overcomes a useful resistance directly, as in the case
of a ram acting on a lift or crane chain, or indirectly by actuating
transmissive machinery, as when a turbine drives the shafting,
belting and gearing of a mill.. With the molor is usually com-
bined regulating machinery for adjusting the power and speed
to the work done. This may be controlled in some cases
automatic governing machinery, '
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§ 160. Woater Moters with Artificiol Sources of Energy.—The
great vonvenience and simplicity of water mators has led to their
adoption in certain cases, where no natural source of water
power is available. In these cases, an artificial source of water
power is created by using a steam-engine to pump water to a
nscrvou' at a great elcvatxon, or to pump water into a closed
reservoir in which there is great pressure. The water flowing
from the reservoir through hydraulic engines giyu back the
energy expended, Jess so much as has been wasted by friction.
Such arrangements are most useful where a continuously acting
stcawa engine stores up energy by pumpmg the water, whilé¢ the
work done by the hydraulic engines is done intermittently.

§ t70. Energyof a Water-foll.—Let H, be the total fall of Jevel from
the point where the water is taken from a natural strcam to the
point where it is disc] into it again. Of this total fall a portion,
which can be estima ndently. is expended in overcommg
the resistances of the had and tail races or the sy ge y and discha

pes. Let this portion of head wasted be 'i! n the availa
ﬁlad to work the motor is H=H,~b,. Itis thisavailable head which
should be used in all calculations of the rtions of the motor.
Let Q be xhe supply of watcr second. Then GOH foot-pounds

samn is the gross available work of the fall. The power of the
ali may be utili: ) The GQ pounds o( wnm may

placed on a
tact with it a distance al H ft., the work done will be (neslacu
losses [rom friction or leakage) GQH foot-pounds per second. Dg
Or the water may descend i a closed pipe from the higher to the
lower level, in which case, with the same mservatm as before, the
Yressure at the foot of the pipe will be pwGH poinds per square foot.

§ the water with this pressure acts on a movable piston like that
of a steam engine, it will drive the piston so that the volume
s Q cubic feet pex second. Then the work done will be pQ=GHQ
foot-pounds per as before. (c) stly, the water may be
allowed macdum: the velocity s = v2gH s its descent. The kinetic

of Q cubic feet will !I::nbe i Qv' w=GQH, and if the water
wed 10 imping( susfaces sulu y qurved which bring it

m thn:e ways. (a

e on
ﬁul\y to rut It wall impart to these the same energy as in the

which energy mainly in the three
wny; descnlzd in (a), (b), (¢) may be v.ermed gravity, pressuse and
inertia motors respectively. Qh per decand of water
act by weight through a distance & re p due to ks [t. of
’?1“ and wn[h a velocity v du;ﬁ,hf“ ol all, lso]:ah:t B -j-h;-e{-;,-ﬁ
ithen, apart from energy waste riction or leakage or imperfection
of the macbmc, the work done w‘n’ 1l be

-GQk+pQ+(G/g)Q(v*/ag) = GOH foot pounds, .
;:u; same as if the water acted simply by its weight while daumdmg

§ 171 Site for Water Molor—Wherever 2 stream flows ffom

« highet to a lower level it is possible to erect a water motor.
The amount of power obtainable depends on the available head
and the supply of water. In choosing a site the engineer will
beloct a pertion of the stream where there is an abrupt natural
fall, or at least a considerahle slope of the bed. He will have
regasd to the facility of ting the ch Is which are to
convey the water, and will take advantage of any bend in the river
which enables him to shorten them, He will have accurate
measurements made of the.quantity of water flowing in the
stream, and he will endeavour to ascertain the average quantity
available throughout the year, the minimum quantity in dry
seasons, and the maximum for which hye-wash channels must
be provided. In many cases the natural fall can be increased
by a dam or weir thrown across the stream. The engineer will
also examine to what exient the head will vary in different
, and whether it is y to sacrifice part of the fall

and give a steep slope to the tail race to prevent the motor being
drowned by backwates in floods.  Streams fed from lakes which
form natursl reservoirs of fed from glaciers are less variable than
streams depending directly on rainfall, and are therefore advan-

ufous for, water-powet
173. Waler Power at Holyoke, U.S.A.—~About 8§ m. from the
mouth of the Connecticut river there was a fall of about 6o ft. m
a short distance, (ormn;g what were called the Grand gld:.
which the river turned sharply, forming 4 kind of peninsuta on whlc
the city of Holyoke is built.” In 1845 the magnitude of the water.
power available attracted attention, and it was decided to build a
dam across the river. The ordinary flow of the nver s 6000 cub. ft.
per sec., giving a gross power of ?oooo hg In dry scasons the
power is 20,000 h.p., or occasionally less. From sbuve the dam a
of canals takes the water to mills on three levels. The first
canal starts with a width of 140 ft. and depth of 22 {1., and supplics
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the range of mills. A second canal takes the water -which
has dnven turbines in the highest mills and. supplies it to a second
series of mills. There isa third canal on a still fevel

the lowest mills. The water then finds its way back to the niver.

With the t of a mill site is also leased the nghtmmthenteru
power. mill-power is uasoub.iudnm
during 16 hours per day on a fall of 20 it. This

tgnt:u lbout 60 h.p.

effective. The c ted 208, pee

h.p. per annum.

§ 173. Aclion vof Waler in ¢ Water Motor.—Waler motors may
be divided into water-pressure engines, water-wheels and
turbines.

Watcr-pressure engines are machines with a-cylinder and p:ston
or-ram, in principle identical with the corresponding part of 2
steam-engine. The water is lhematcly admitted to and dis-
charged from the cylinder, causing a reciprocating action of the
piston or plunger. Itisadmitted at a high pressure and dis-
charged at a low one, and consequently work is done on the piston.
The water in these machines never acquires a high velbcity, and
for the most part the kinetic energy of the water is wasted.
The useful work is due to the difference of the pressure of
admission ‘and discharge, whether that pressure is due to the
welght of a column of water of more ot less considerable height,
or is artificially produced in ways to be described presently.

Water-wheels are large vertical wheels dsiven by water falling
from & higher to a Jower level. In most waterswheels, the water
acts du-ectly by its weight loading one side of the' wheel and so
causing rotation. But in 2]l water-wheels 2 poruon, and in somé
a considerable portion, of the work due to gravity is first em.
ployed to generate kinctic energy in the water; during its
action on the water-wheel the velocity of the water diminishes,
and the wheel is therefore in partt driven by the impulse due to
the change of the water’s momentam. Water-wheels are there-
fore motors on which the water acts, partly by weight, partly by
{mpulse.

Turbines are wheels, genmlly of small size compared with
water wheels, driven chiefly by the impulse of the water. Before
entering the moving part of thé turbine, the water s allowed
to acquire a considerable velocity; ‘during its action oz the
turbine this velocity is diminished, and the i due to the
change of momentum drives the turbine, .

In designing or selecting a water motor it is not sufficient to
consider only its efficiency in normal conditions of working.
It is generally quite as important to know how it will act with
& scanty water supply or a diminished. head. The greatest
diffetence in water ‘motors is in thefr adupubnlity to vum
conditions of working.

Walmprm Engines. .

§174. In these the water acts by.pressure eithér due to the
hught of the column in a supply p:pe scuujmg jmm a high-
level reservoir, or created by pumping. Pressure engines were
first used in mme-pumpmg on waterfalls of greater height thin
could at that time be utilized by water wheels. Usually they
were single acting, the water-pressure lifting the heavy pump
rods which then made the return or pumping stroke by their
own weight. To avold losses by fluid friction and shock the
velocity of the water in the pipes and passages was restricted
to from 3 to 10 ft. per second, and the mean speed of plunger to
1 ft, per second. The stroke was Jong and the number of strokes
3 to6perminute. The pumping lift being constant, such engines
worked practically always at full load, and the’ cﬂic:ency was
high, about 84%. But they were cumbrous michines. They
are described in Weisbach’s Meckanics of Enginsering.

The convenience of distributing energy from a central station
to scattered working-points by pressure water conveyed in pipes
~a system invented by Lord Armstrong—bas elready been
mentioned. This system had led to the development of & great
variety of hydraulic pressure engines of very various types.
The cost of pumping the pressure water to some extent restricts
its use to intermittent operations; such as working lifts and
cranes, punching, sbearing and riveting machines, forging and
flagging presses. To keep down the cost of the distn‘bupiug‘

or the power water is st
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mains very high pressures are adopted, generally 700 Ib per
8q. in. or 1600 ft. of head or more.

In a large number ot hydraulic machines worked by water at
high pressure, especially lifting hi the motor consists of a
direct, single acting run and cylinder. In a few cases double-
acting pistons and cylinders are used; but they involve a
water-tight packing of the piston not easily accessible. In some
cases pressure engines are used to obtain rotative movement,
and then two double-acting cylinders or three single-acting
cylinders are used, driving a crank shaft. Some double-acting
cylinders have a piston rod half the ares of the piston. The
pressure water acts continuously on the annular area in front
of the piston. During the forward stroke the pressure on the
front of the piston balances half the pressure on the back. During
the return stroke the pressure on the front is unopposed. The
water in front of the piston is not exhausted, hut returns to the
supply pipe. As tbe frictional losses in a fuid are independent
of the pressure, and the work done mcxem directly as the
p the percentag for given velocities of
flow as the pressure increases. Hence for high-pressure machines
somewhat greater velocities are permitted in the passages than
for low-pressure machines. In supply mains the velocity is
from 3 to 6 ft. per second, in valve passages 5 to 1o ft. persecond,
or in extreme cases 20 ft. per second, where tbere is less object
in economizing energy. As the water is incompressible, slide
valves must have neither lap nor lead, and piston vnlvel are
preferable to ordinary slide valvu. To prevent uunnous com-

ion from exbaust valves closing too soon in rotative engines
with a fixed stroke, small ulf-«:!lng relief valves are fitted to the
cylinder ends, opening outwards against the pressure into the
valve chest. Imprisoned water can then escape without over-
straining the machines.

In direct single-acting lift machines, in which the stroke is
fixed, and in rotative machines at constant speed it is obvious
that the cylinder must be filled at each stroke irrespective of the
amount of work to be done. The same amount of water is used
whether much ox little. work is done, or whether great or small
weights are lifted, Hence while pressure engines are very
efficient at full Joad, their efficiency decreases as the load de-
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regulati ine for ing load the pressure is- throttled,
part of ¢ avalh le head is destroyed at the throttle valve, and
pin the bracket above is reduced. Direct-acting hydraulic hfu.
without intermediate gearing, may
luve an eﬁcu:m:rf of 95 % dunng the
and sheaves to
the lpeed ﬁe ram to the cpeedc ot Leyel d‘
efficlency may be only %
50‘/.. E. B. Ellington I|al iven the
effici of lifts with hydraulic =
balance at 85% during the working T —
presyure en c
an ot 88%, but mll rota-
tive engines probably not more than ¢
%0 % and that only when fully loaded. ]
§ 176. Direct-Acting Bydrulié et
Lift (fig. 171)—This is the
motor. A cage W is lifted directly - [
by water pressure acting in a 2l
cyiinder C, the length of which is i
a little greater than the lift. A 37
ram or plunger R of the same '
length is attached to the cage. - 1

a hydraulic i is
stroke. Large gines have
simplest of all kinds of hydraulic g
The water-pressure admitted by a

]
cock to the cylinder forces up the ]
ram, and when the supply valve is 7
closed and the discharge valve i |
opened, the ram descends. In '
this case the ram is g in. diameter, ¥
with a stroke of 49 ft. It consists Eo|
of lengths of wrought.iron pipe 7
screwed together perfectly water-
tight, the lower end being closed
by a cast-iron plug. The ram
works in a cylinder 11 in. dia-
meter of ¢ ft. lengths of flanged
cast-iron pipe. The ‘ram passes
water-tight through the cylinder
cover, which is provided with
double hat leathers to prevent -

B e e L
e ot  p—— s

creases. Various arrangements have been ad d t
this defect in engines working witha variable load. In lifting
machinéry there is sometimés a double ram, a hollow ram
enclosing a sofid ram. By simple arrangements thbe solid ram
only is used for small loads, hut for large loads the hollow ram is
Jocked to the solid ram, and the two act as & ram of larger ares.
In rotative engines the case is more dificult. In Hastie’s and
Ragg s engines the stroke is automatically varied with the load,
increasing when the load is large and decreasing when it is small.
But such engines are complicated and have not achieved much
success. Where M.enginu are used simplicity is generally
a first consideration, y is of less importance.

475 Efficiency of Pressure Engines.—It is hardi possible to form
a t’heﬁuul upzn{lon for the s&uen of t4 engines, but
some general considerations are useful. Consider the case of a long
stroke hydraulic ram. which has a fairly constant velocity v during
the stroke, aod valves which are (urlry wide open during most of 1he
stroke. Let 7 be the ratio of area of ram !o area of valve passage,
a ratio which may v-ryinordmu{ 1tu 12. Then t
loss in shock of the water entering the cylmder will be (r—1)%%/2p in
ft. of head. The fnc.on in tlle supply pipe is also proportional to
o), The energy carried away in ust will be proportional to o,

Hence the total hydraulic losses may be taken to be approxim: nehty
the

fvf2g ft., where ¢ is a coefficient depending on the pre mm. n
machine, Let f be the fm:xon of the runﬂclu::r mee
reckoned in Ib per sq. [t. of ram ares. the su P
pressure driving the machine is p I per oq. It., the cfiective v

pressure-will be
p~Giv2g—f B peroq. ft.

Let A be the area of the ram in oq. ft., v its velocity in ft. per sec.
The useful work done will be

(®—=Givt/2g—[)As [t. T per sec.,
and the efficiency of the machine will be
This ob bat the v=(p—-GiPl2g—Nfp. b the
is shows that t! 3 increases with ¢ ure p,
e e v ar¥other thinge bing: e saome, P1f e

leakage outwards or inwards.: As
the weight of the ram and cage is
much more than sufficient to cause
& descent of the cage, part of the
weight is balanced. A chain at-
tached to the cage passes over a:

pulley at the top of .

the lift, and carries 7 o
Tl %18

Discharge @ L

e

o
I
NeM 10Np3 < 56

;: =

at its free end a
balance weight B,
working in T iron
guides. Water is ad-
mitted to the cylinder
from a . 4-in. supply
pipe through a two-
way slide, worked by
a rack, spindle and
endless rope. The
lift works under 73
ft. of head, and lifts
1350 1 at 2 ft. per
second. The efii-
clency is from 75 to
80%-

The principal pre-
judicial resistance to
the motion o( a ram
of this kind is the fric-
tion of the cup leathers,

B e et catesccFceeacaeme cemevanc mucascamanrass®slienmmcnem e temocusmeomas ccmacm s o cemeeeecsmaceoranmnanaa
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v
“

tv)lehu:h mlkhc thel;o&nt - ’f. =2 S
tween the nder
and o e oy Frc. 171.

Some ex- ’
periments by Jolm Hick glve for the friction of thesc leathers
the following formula. Fw» the total friction in pounds;



d=diameter of ram in ft.; p
k a coefficient.

Fukpd .

k=0-00393 if the leathers are pew or badly. lubricated;

= 0-00262 if the leathers are in g and well lubricated
Simetheloulpn?grgonthcmlphl’- Mp.thefncdonofdn

WF/P pressure cxp d;nwn‘. ; g the friction of the leathers is
- to -00; 8 1n feet.

Let H thebgg{:to(du, \

free surface of the sy

. "
L ut

per oq. ft.;

d { the
reservoir to the bottom of the ram i its

position, Hy ight from the discharge reservoir to the
same point, k the height ol the ram above its lowest point atany
moment, S the length of stroke, O the area of the ram, W the weight

, R the weight of ram, dacwe'gbto(baluweveilht,-the
“if to(balanceéninperlootrpn.l’-‘ e friction of the cup leather

i neglecting fluid friction, if the ram is nsing the
accelerating force is

Py=G(H~k)2~R~W+B-w(S-k)+wik-F,
and if the ram is descending
Py —=G(Hy-5)2+W+4R~=B4+w(S—A)—wh—F.
If w=} GQ, Py and P; are constant throughout the stroke; and
the ing force in ding and d ding is the same, if
B=W+R+wS5-Ga(H +H,)/a.
Uping the yalues just found for w and B,
) Py=P;={GO(H-Hy)—F.
Let W+R+4954-Bw=U, and jet P be the constant accelerating
force acting on the system, then the acceleration is ('P[U)(. The
velocity at the end of the stroke is (assuming the friction to be

constant)
v=y (2PgS/U);
and the mean velocity of ascent is Jv.

§ 177. Armstrong’s Hydraslic Jigger.—~This is simply a single-
acting hydraulic cylinder and ram, provided with sheaves so
as to give motion to a wire rope or chain. It is used in various
forms of lift and crane. Fig. 172 shows the arrangement. A

hydraulic ram or plunger B works in a
stationary cylinder A. Ram and cylinder

carry sets of sheaves over which passes a

chain or rope, fixed at one end to the

cylinder, and at the other connected over
guide pulleys to a lift or crane. For each
pair of pulleys, one on the cylinder and one
on the ram, the movement of the free end
of the rope is doubled compared with  that
of the ram. With three pairs of pulleys the
\ free end of the rope has a movement equal
to six times the stroke of the ram, the force
exerted being in the inverse proportion.

V"8 178. Rotative Hydraulic Bngines—Valve-

gear mechanism similar in principle to that
of steam engines can be applied to actuate
the admission and discharge valves, and the
prm::le engine is then converted into a con-
tinuously-acting motor.

Let lf be the available fall to' work the
engine after deducting the loss of head in the
supply and discharge pipes, Q the supply of
water in cubic feet per second, and % the
efficiency of the engine. Then the horse-power
of the engine is )

H.P.=3CQH/550.
i ines is wo 66 to 8.
greater than -s.
Its diameter d is given

of large sk P ¢ eng
motors of this kind probably y is not
Let v be the mean velocity of the piston, t!
by the relation ta doub
= v, le-acting engines,
Q -rd’#! in single-acting engines.

If there are s cylinders put Q/n for Q in these equations.

Small rotative pressure engines form extremely convenient
motors for hoists, capstans or winches, and for driving small
machinery. The single-acting engine has the advantage that
the pressure of the piston on the crank pin is always in one
direction; there is then no knocking as the dead centres are
passed. Generally three single-acting cylinders are used, so

that the engine will readily start in all positions, and the driving |

effort on the crank pin is very uniform.

Brotherhood Hydrawlic Engine.—Three cylinders at angles of 120°
with each other sre for: in one casting with the frame. The
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plungers are hollow trunks, and the connecting rods abut in
cylindrical recesses in them and are connected to a common crank
pin. A circular valve disk with concentric segmental ports revolves
at the same rate as the crank over potts in the valve face common to
the three cylinders. Each cylinder is al'ags in communication with
cither an admission or exhaust port. The blank parts of the circular
valve close the admission and exhaust ports alternately. The fixed
valve face is of lignum vitae in a metal recess, and the revolving
valve of gun-metal. In the case of a small capstan enginc the
cylinders are 34 in. and 3 in. stroke. At 4o revs. per minute,
the piston speed is 31 ft. N
per minute. The ports i34
are 1 in, diameter orfa
of the piston area, an
the mean welocity ia
the ports 6-4 [t. per
scc.  With 700 I per
8q. in. water pressure
and an_efficiency of
50% the engine is
about 3 h.p. A com-
mon arrangement is to
have three parallel
linders acting on a
tzne-thmvcnn.kshaﬁ.
the cylinders oscillating
onpmmons
astie's Engine—Fig.
173, show; gy tg‘milar VENA 3 4
engine made esars 7. qeMadl G
Hastic of Greenock. G, &y w0 e

ge

G, G are the three
plungers which pass out Fra. 173,

of the cylinders through cup leathers, and act on the same crank pin.
A is the inlet pipe which communicates with the cock B. This cock
controls the action of the engine, being 20 constructed that it acts as

a reversing valve when the handle C s in its extreme positions and
as a brake when in its middle position. With the handle in iis
middle position, the ports of the cylinders are in ation
with the exh T are formed in the framing leadi

WO p re g g
from the cock B to the ends of the cylinders, oce being in com-
munication with the supply pipe A, 3e other with the disch.
pipe 3 Thesc passages end as shown at E The oscillation of the
cylinders ts them :
alternately in com.
munication with each of
these passages, and thus
the water 1s alternatel
admitted and exhausted.
In any ordinary rota-
tive engine the length of

stroke is  invanable.
Consequently the con.
m:ﬁuon. water de-
pe sim, on the
speed

of ‘the engine, Fie. 174. R
irrespective of the cffort overcome. If the power of the engine
must be varied without altering the number of rotations, then
the stroke must be made vanal Mezssrs Hastle have con-

i an dingly i hod varying the stroke
ally, in pmronion to the amount of work to be doae (Gg.
174). 'l‘hgcrank&in
is carried in a slide H
moving in a disk M.
In this is a double
cam K acting oa two
small steel rollers J,
L attached to the
slide H. If the cam
rotates it moves the
slide and increases or
decreases the radius of
the circle in which the
crank pin I rotates,
The disk M is keyed
on 2 hollow shaft sur-
rounding the driving
shaft P, to which the
cams are attached.
The hollow shaft N
bas two snugs to
which the t:’:lzaﬁl‘m Rl)l
areattach L 178).
The shaft Pcarries Sue
spring case SS to which
also are attached the
other ends of the chains. When the engine is at rest the wrin?
extend themselves, rotating the hotlow aft N and the frame N
80 as to place the crank pin | at its nearest position to the axis of

i When a resi has to be the shaft N rotates

Fi6. 175,
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relatively to P, compressing the springs, till their resistance balances
the pressure due to the remstance to the rotation of P. The engine
thep commences to work, the crank pin being in the position in
which the turning effort just overromes the resistance. If the
j ed hes, the springs force out the chaing and shorten the
stroke of the plungers, and vice versa. The following experiments,
on an engine of this kind wotking a hoist, show how the automatic
arrangement adjusted the water used to the work done. The iift
was 22 ft. and the water pressure in the cylinders 8o Ib per aq. in.

wie‘;.x:‘.: lifted, Colr:i‘;'n i 427 633 745 857 969 1081 1193
Wneln;;:d.m 7 10 14 16 17 20 21 22

§ 179. Accumsdator Machinery—It has already been pointed
out that it is in some cases convenient to use a steam engine
to creste an artificial head of water, which is afterwards employed
in driving water-pressure machinery. Where power is required
intermittently, for short periods, at a number of different points,
as, for instance, in moving the cranes, lock gates, &c., of a
dockyard, a separate steam engine and boiler at each point is
very inconvenient; nor can engines worked from a common
boiler be used, because of the great ioss of heat and the difficulties
which arise out of condensation in the pipes. If a tank, into
which water is continuously pumped, can be placed at a great
elevation, the water can then be used in hydraulic machinery
in a very convenient way. Each hydraulic machine is put
in communication with the tank by a pipe, and on opening a
valve it commences work, using a quantity of water directly
proportional to the work done. No attendance is required when
the machine is nat working.

A site for such an elevated tank is, however, seldom available,
and in place of it a beautiful arrangement termed an accumulator,
invented by Lord Armstrong, is used. This consists of a tall
vertical cylinder; into this works a solid ram through cup
leathers or hemp packing, and the ram is loaded by fixed weights,
so that the pressure in the cylinder is 700 th or 800 Ib per sq.in.
In some cases the ram is fixed and the cylinder moves on it.

The pumping en-
. m gineswhichsupply
@ . the encrgy that
H is stored in 1he ac-
H cumulator should
‘ : be a pair coupled
at right angles, so
as to start in any
position. The en-
.gines pump into
the accumulator
cylinder till the
ram is at the top
of its stroke, when
by a catch ar-
rangement acting
on the engine
throttle vaive
the engines are
stopped. If the
accumulator ram
descends, in con-
scquence of water
being taken to
work machinery,
the engines im-
mediately recom-
mence  working.
Pipes lead from
tbe accumulator
to cach of the
machines requir.
ing to be driven,
and do not require to be of large size, as the pressure is so
great,

Fig. 176 shows a diagrammatic way the scheme of a system of
sccumulator machinery. A is the accumuletor, with its rem carry*

Fic. 176,
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‘| piston A is connected to a plunger

ing a (cjylindricd wrought-iroa tank W, in which weights are placed
to load the accumulator. At R is one of the pressure eagines or
jiggers, worked from the accumulator, discharging the water after use
into the tank T. In this case the pressure engine is shown working a
set of blocks, the fixed block being on the ram cylinder, the running
block on the ram. The chain running over these blocks works a
lift cage C, the speed of which ivas many times greater then that of
the ram as there are plies of chain on
the block tackle. is the balance
weight of the cage.
In the use of accumulatars on ship-
for working gun gear or steering
gear, the nf)cumu tor ram is loaded hy
springs, or by steam re actingon a
piston much larger tﬁ:n the ramlf'a

Twed has used accamula-

tors with a ure of 2000 B per
8q. in. to hydraulic riveting ma-~
chinery.

The amount of energy stored in the
accumulator, having 8 ram d in. in
diameter, a stroke of S ft, and deliver-

mgn?lbpmuureperaq. in., is
fws foot-pounds.

Thus, if the ram is ggon. the stroke 20 ft.,
and the pressure b per 5q. in., the
work stored in the accumulator when the
ram is at the top of the stroke i 1,017,600
foot-pounds, that is, enough to dnve a
machine requiring one horse power for
about_half an bour, As, however, the
pumping engine replaces water as soon |
as it is drawn off, the working capacity | p
of the accumulator is very much greater | o ML S
than this. Tweddell found that an ac- ! c |
cumulator charged at 1280 Ib discharged | L**
at 1225 b per sq. in. Hence the friction | AW
was equivalent o 12} b per oq. in. and | [ { )
the eﬁcicncy Al
When a very great pressure is required Fi6. 177,

a differential ‘accumulator (fig. 177) is

i through both ends of
iameters at the two ends,

convenient. The ram is fixed

the cylinder, but is of differeat >t

A and B. Hence if d), d; are the diameters of the ram in inches and
the uired pressure in Tb per sq. in., the load required is

r?li'.r:}',). An accumuhkitor of this kind used with riveting
machines has dy= 5} in., da=4lin. The pressure is 2000 Ib per 8q. in/’
and the load §-4 tons. .

Sometimes an accumulator is loaded E{ water dr steam pressurce
instead of by 8 dead weight. Fig. 178 : O\Vnh(he arrangemeat, A
i of mucl
smaller area. Water pressure, say from town
mains, is admitted below A, and the high

re water is pum into and discharged
Irom the cylinder C id which B works. I{ r is ¢
the }ntio [hlew areasof A anth. then, lo(;:t-
ing friction, the pressure in the upper cylinder
is’r times that under the piston A. cahth a
variable rate of supply demand from the
upper cylinder, the piston A rises and falls,
maintaining always a constant pressure in the
upper cylinder,

Water Wheels.

§ 180. Overshot and High Breast Wheels.
—When a water fall ranges between 10
and 70 ft. and the water supply is from 3
to 25 cuh. ft. per second, it is possible to
construct a bucket wheel on which the water
acts chiefly by its weight. If the variation
of the head-water level does not exceed 2 ft.,
an overshot wheel may be used (fig. 179).
The water is then projected over the summit
of the wheel, and falls in a parabolic path
into the buckets. With greater variation of head-water level, a
pitch-back or high breast wheel is better. The water falls over
the top of a sliding sluice into the wheel, on the same side as the
head race channel. By adjusting the height of the sluice, the
requisite supply is given to the wheel in all positions of the
head-water level.

The wheel consists of a cast-iron or wrought-iron axle C
supporting the weight of the wheel. To this are attached two

Fig. 178.
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sets of arms A of wood or iron, which support circular seg al
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For a wooden bucket (fig. 180, A), tukeabw=

plates, B, termed shrouds. A cylindrical sole plate dd extends
between the shrouds on the inner side. The buckets are formed

by wood planks or curved wrought-iron plates extending from
shroud to shroud, the back of the buckets being formed by the
sole plate.

The eﬂicienﬁ' may be taken at 0-75. Hence, if k.g. is the effective
horse power, H the available fall, and Q the available water supply

per second,
A, $.=0-75(GQH/550) =0-085 QH.

If the peripheral velocity of the water wheel is too great, water is
thrown out of the buckets before reaching the bottom of the fall.
In practice, the circumferential velocity of water wheels of the kind
now described is from 4} to 10 ft. per second, about 6 ft. being the
usual velocity of good iron wheels not ‘of smal! size. In order
that the water may enter the buckets easily, it must have a greater
velocity than the wheel. Usually the velocity of the water at the
point where it enters the wheel is from 9 to 12 ft.ﬁper second, and
to produce this it must enter the wheel at a point 16 to 27 in. below
Hence the diameter of an overshot wheel

D=H-1} to H-2} ft.
Overshot and high breast wheels work badly in back-water, and hence
if the tail-water level varies, it is better to reduce the diameter of
the wheel 5o that its test immersion !n ‘is not more than
1 ft. ‘The depth d of the shrouds is about 10 to 16 in, The number
of buckets may be about
N=sD/d.

Let o be the peripheral velocity of the whee!. Thea the capacity
of that portion of the wheel which passes the sluice jn one second is

d Qs =vb(Dd-d?)/D

=9 b d nearly,

b being the breadth of the wheel between the shrouds. If, however,
this quantity of water were allowed to pass on to the wheel the
buckets would begin to spill their contents almost at the top of the
fall. To diminish the loss from spilling, it is not only necessary to
give the buckets a suitable form, but to restrict the water supply to
one-fourth or one-third of the gross bucket capacity. Let n be the
value of this ratio; then, Q being the supply of water per second,

Q=mQ, =mbdo,
This gives the breadth of the wheel if the water supply is known.
The form of the buckets should be determined thus. = The outer
element of the bucket should be in the direction of motion of the
water eatering relatively to the wheel, so that the water may enter
without splashing or shock. The buckets should retain the waler as
Iong as possible, and the width of opening of the buckets should be
2 or 3 in. greater than the thickness of the sheet of water entering.

the head-water levch
may

phery of wheel. Make edm} b, and bcw :‘::
buch on wheel. ake ed = § b, =} to .
Joio o For an iron bucket (6g. 180, B), take adm§ b; dcw fob.
w ¢O making sn

angle of 10° to 15° with
the radius at c.
take l:rmn? giving a
circu passin
near d, and round thg
curve into the radial
part of the bucket de.

There are two ways
in which the power of
a water wheel is given
off to the machinery
driven. In wooden
wheels and wheels
with rigid arms, a spur
or bevil wheel keyed
on the axle of the
turbine will transmit
the power to the shafting. It is obvious that the whale
tuming moment due to the weight of the water is then trans-
mitted through the arms and axle of the water wheel. When
the water wheel is an iron one, it usually has light iron
suspension arms incapahle of resisting the bending action due
to the transmission of the turning effort to the axle. In that
case spur segments are bolted to one of the shrouds, and the
pinion to which the power is transmitted is placed so that the
teeth in gear are, as nearly as may be, an the line of action of the
resultant of the weight of the water in the loaded arc of the wheel.

The largest high breast wheels ever constructed were probebly
the four wheels, each so {t. in diameter, and of 125 h.p., erected
by Sir W. Fairbairn in 1825 at Catrinein Ayrshire, These wheels
are still working.

§ 181. Poncelet Water Wheel—When the fall does not exceed
6 {t., the best water motor to adopt in many cases is the Poncelet
undershot water wheel. [In this the water acts very nearly in the
same way as in a turbine, and the Poncelet wheel, although
slightly less efficient than the best turbines, in normal conditions
of working, is superior to most of them when working with
a reduced supply of water. A general notion of the action
of the water on a Poncelet wheel has already been given in
§150. Fig. 181 shows its construction. The water penned back
between the side walls of the wheel pit is allowed to flow to the
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wheel under a movable sluice, at & velocity nearly equal to the
velocity due to the whole fall. The water is guided down a slope
of 1 in 10, Or a curved race, and enters the wheel without shock.
Gliding up the curved floats it comes to rest, falls back, and
acquires at the point of discharge a backward velocity relative
to the wheel nearly equal to the forward velocity of the wheel.
Consequently it leaves the wheel deprived of nearly the whole
of its original kinetic energy.

Taking the efficiency at 0-60, and guttin( H for the available fall,
A.p. for the horse-power, and Q for the water supply per second,

k.p. =0-068 QH,

The diameter D of the wheel may be taken arbitrarily. It should not
be less than twice the Tall and is more often four times the fall. For
ordinary cases t \{! ' di is 14 ft. with a
straight, or 10 ft. with a curved, approach channel, radial,




TURBINES}

depth of bucket should be at Jeast half the fall, and radiusof curvatu-e
of buckets about half the radius of the wheel. The uds are
usually of cast iron with flanges to receive the buckets. The buckeiy
be of iron § in. thick bolted to the flanges with f in. bolts.
l.et H’ be the fall measured from the free surface of the hcad-
zer to the point F where the mean layer enters the wheel; then the
t}l at which the water enters Is o=y (2¢H’), and "the besy
erenml velocity of the wheel is V=0-550 to 0:6v. The
mnn of rotations of the wheel per setond is N=V/rDD. The
thickness of the- sheet of water entering the wheel i very im-
rorunt, The best thickness according to iment is 8 to 10
n. The maximum thickness should not 12 to 1§ in., whea
there is a surplus 'watér s exgmly Let ¢ be the thickness of the shect
of water entering the wheel, and 3 its width; then

~orb-QI
Grnhoful-u c-u-!,andthe

Allowing for the eonmcuon a(H he m'eam, the area of .j
through the slulce may be 1-25 be to 1-3 be. The inside
the wheel is made about 4 in.
Several constructions have
Oue of the

ter than b.
n given for the floats of Poncelet
that shown in figs. 181, 182,
oﬂOB,

wheels. -mik-t
Let OA (fig. lBl) the vertical radius of the whecl
OD mal 18° with OA. Then BD may be the

making angies of

F16. 18a.

the close lmasung fitted to the wheel. Draw the bottom of the
head race BC at a slogc of 1 in 10. Paralle! to this, at distances i¢
and ¢, draw EF and Then EF is the mun layer and GH the

surface layer entering the wheel. Join F, nd make OFK =23°
Take FKwo-% to 07 H. Then K is the centre from which the
bucket curve is struck and KF is che depth of the

shrouds must be sufficient topmvut the
topo(theﬂoat. It i §H to §H. The namber of buckets is not
o‘ xm n:nt. They are nmlly 1 fe. apart on the circumference

'l‘he eﬂ\enency of a Poncelet wheel has been found in experiménts
to reach 0-68. It is better to take it at 0-6 in estimating the power
of the wheel, 30 as to allow some margin.

In fig. 182 v is the initial and o, the final velocity of the water,
o parallel to the vane the relative velocity of the water and whul.
aid V the n!oaty of the wheel.

Twurbines.

§ 182. ’l’he name ‘tuibine was originally given in France to
any water motor whith revolved in a horizontal plane, the axis
being vertical. The rapid dwelopment of this class of motors
dates from 1817, when a prize was offered by the Société
d'Encouragement for & motor of this kind, which should be
an improvement on certain wheels then in use. The prize
was ultimately awarded to Benolt Fourneyron- (1802-1867),
whose turbine, but little modified, is still constructed. .

Classificalion- of Turbines. —In some turbines the whole
available epergy of the water is converted into kinetic energy
before the water acis on the moving part of the turbige. Such
turbines are termed Impulse or Action Turbines, and they are
distinguisbed by this that the wheel passages are never eatirely
filled by the water. To ensure this condition they must be placed
a little above the tail water and discharge into free air. Turbines
in which part only of tbe available energy is converted inte
kinetic energy before the water enters the wheel are termed

Pressure or Reaction Turbines. In these there is a pressure |

which in some cases amounts to balf the bead in the clearance
space between tbe guide vanes and wheel vanes, The velocity
with which the water enters the wbheel is due to the difference
between the pressure due to tbe head and the pressure in the
clearance space. 'In pressure turbines the wheel passages must
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be continuously filled with water fof good efficiency, and the
wheel may be and generally is placed below the tail water Jevel.

Some turbines are designed to act normally as impulse turbines
discharging above the tail water level. But the passages are so
designed that they are just filled by the water. If the tail watet
rises and drowns the turbine they become pressure turbines with
a small clearance pressure, but the cfficiency is not muchnﬂccted
Such tusbines are termed Limit lurbines. !

Next . there is a difference of constructive arrangement of
turbines, which does not very essentially alter the mode of actioti
of the water. In axial flow or so-called parallcl flow turbines,
the water enters and leaves the turbine in a direction parallel
to the axis of rotatien, and the paths of the molecules lie on,
cylindrical surfaces concentric with that axis. In radial outward
and inward flow turbines, the water enters and leaves the turbing
in directions normal to the axis of rotation, and the paths of the
molecules lie exactly or nearly in planes normal to the axis of
rotation. In outward flow turbines the generaldirection of flow
is away from the axis, and in inward flow turbines towards the
axis, There are also mixed flow turbines in which the watet
enters normally and is discharged el to the axis of rotatjon,

Another difference of construction is this, that the water may
be admitted equally to every part of the clrcumfcrence of the
turbine. wheel or to a portion of the circumference only. In'the
former case, the condition of the wheel passages is always the
same; they receive water equally in all positions during rotation.
In the latter case, they receive water duting a partof therotation
only. The former may be termed turhmes with complcte
admission, the latter turbines with partial admission. - A reaction
turbine should always have complete admission. * Animhc
turbine may have complete or partial admission.

When two turbine wheels similarly constructed are placed on
the same axis, in order to balance the pressures and diminish
journal friction, the arrangement may be termed a twin turbine.

If the water, iuvmg acted on.ove turbine wheel, is then passed
&nughamndontheumecm,themmmt may 'be
termed a compound turbine, The obfect of such an arrangement
would be to diminish the speed of rotation.

Many forms of reaction turbine may be placed at uyhu;h&not

the | exceeding 30 ft. above the tail water. They then discharge into

an m-ught suction pipe. The weight of the column of water
in this pipe balances part of the atmospheric pressure, and the
difference of pressure, producing the flow thiough the turbise, is
the same as if the turbine were placed at the bottom of the fall.

1. Impulse urm and 1. Mmz‘uu:gm&
passages not
dmlumncwbove the' tail ing am« below the il

into & suctioarpipe.)
Ve with complcte admia

EgCompletcadmmon. (Rane.; Always with com
b) Partial admission. (Usual. sion.

Axial flow, outward flow, inward flow, or mixed flow.
Simple turbines; twin mrhna; compound turbines. .

§ 183. The Simple Reaction Wheel.—lt has been shown, in § 162,
\h-t. when water iseues from a vessel, there is a reaction on the
veseel tending to canl;.mg;ion; in a
direction opposite to that of the
This principle was app e
water motor at a veey nrl
the -Scotch turbine, at one tim much
used, differs in no essential respect from
the older form of reaction

The old reaction wheel consisted of &

wertical pipe balanced on a vertical
axls, and suppllcd wilh water (fig. 18;)
From the bottom of the vcmnl
two or more hollow
extended, at the ends of which m
orifices from which the water was dis-

ha nefml:‘cuon ol: the jets caused
the rotation of the machine. =

Let H be the available fall measured
from the level of the water in the ver-
m;l pipe to the centres of the orifices,

r the ra

Fic. 183.
the axis of rotation to the centres of the orifices,
through

the jets, & the angular velocity of



the machine. When the machine i Test the water istues from
the arifices with the velocity v (2gH) Izl'ncnon being d). But
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Let 7, 7y be the radii drawn tmmCtolh. Aq, and let w1, w be the
o these angles

vlzen the machine rotates the v:ter arms rotates also, and is
of a‘_ forced vor!u,m pamclu having the same

_velocity. armsa at the
“ﬁa is H4a2g It. of water, and the

vdom of dlldll:’g
through the orifices is o=V (2gH+-o%%). I the tou.lam of
orifices is w, the quantity di from the wheel per second is

Q=wo=cy (2gH o).

While the water passes through the orifices with the velocity o, the
orifices are moviny in the opposite direction with the velocity er
The absolute veloaty of the water is therefore

The momentum gumud'-'-“zwum“#).:m Yo-ar) h I

, whic!
mlme.null equal to the (ome driving the motor-at the radius r,
ann: by the water in rotating the wheel is therefore
(GQ/g) (»-sr)ar foot-pounds per sec.

The vorkupended by the water fall is GQH loot pounds per second.
Consequently the

efficiency of the motor 1s

R POVt
1] e

Let VIHF SR mar 2 ' H. vae’?
then ;-x—g’Hl:u+

which increasgs t tmxds the limit 1 2s ar increasas towatds mﬁmty
Neg! the efficiency is

wbenthe'hedhulnlnﬁmw! mtyolmaticm. But
this condition is impracticable to , and even, at practicable but
high velocities of rotation, the friction would considerably reduce the

. Experiment seem]s,:o show that the best efficiency is reached

when & =y (2¢gH). ncy apart from friction is

=iy (n'r')-vlvlzﬂ :

+ moy14apH mo-82 o s
nbonn%ofdn o(xhefnﬂbuuufmdawnzebyt 60%.

efficiency realized
nthnnbwtzx%o(theem‘ydthe ﬁ is lost in friction, in
additiop to the energy carried away by the water.

4 184. General W z’;fu?umod Principles wecessary for

@ Whm'lwﬂonthrw ipe-shaped passage, such s
(l):angqbetm vanuo(.:{ugbpl::vmtherehmnbe-
tween the pressure and velocity is given by Bernoulli's
theorem (8§ 29). Suppose that, at a section A of mchlpassage. b

is the pressure measured in feet of water, » the velocity, & the

ehvamnbwewybaimnuldatumphnn cnddu:yatnmn
B the same quantities are denoted by by, %, %5 .

bl = (oto")/2g45rn. -

If the flow is harizoatal, sy=x; and v

bty = (nt-n%)/2¢. (1a)

(). When there is an abrupt change of section of the passage, or

un n pt change of mmono zhe stream due toa oontractwn. then,

e% tion allowance must be made for the
MM(‘S ). Let 9, & be the velocities before and
tlter the abrupt change, then a stream of velocity o impinges 06 a
stream at a velocity ty, and the relative -velocity is v-os. The
head lost is (or-tn)!/2g. Then equation (1a) becomes
byl h‘m’)lzr(n-n)’lzt = (o-tn)/g
Todimmshumndanpom londenergy from irregular
eddying of section in the must
be very gradual, and the curva-

iy,
{ (:) Bq-allly of A?i'a Impdu
; hm.—&?o-e_tha_t a eouple. the

¥ |

__:“

(Wig)xprnpr)

is the change of angular momen-
tum relativety to C. Then, from
the equality of angular impulse

Ml - (ch)(vztrvxﬁa),
of, if the change of d for one second,
M -(wmwrw :

and changy

of v, o, perp i, ma
fand a with w, 5. Then
n-nsecg.z-ﬁsec-.
1 COS =r; COS a.
ﬂx-iwu ) (wyrrovr), @)

wluexhemdthemphuwmdmmmofthmﬁ

dnvnmtheﬁsmonsol‘thebodyu bepnmngund ° of
at those

second, and
atlxrhneemmaxtheldm
surface of thz wbnr.l

nts.

Now the water ﬂovnx:ggthm
nurfulo;er and leaves at e i pr Mﬂd- l
angular momentum relatively to axis t
therefore exerts a couple ~M ytendmz to rotate the wheel, equal and
(fpoﬂze to the eouple M which the wheel exerts on water, Let

cub. ft. enter and leave the wheel per second,

t]
sutfacesol}ethewheel.n.n!hendiio(thou
By the prmcxple above,
=M=
i -uthemuhrnlout(;%f)itwheel.xhem-kchu bfv‘dn
el o"‘l'!heMw g)(mn-w;) foot-pounds per second. (3)
~Ma e Ul
§ 185. Total au& I*l”be thep!wul difference of
level (mm the head-nter to the uil-vater surface. Of this total
tul ion is i d Jinuothcr the‘ oy
race, s , Of channel con water,
, be tha tlol:‘:?) hg%ew |chvaﬁumhthelovmngondlmmm
vhlch the turbine is phced Then

mg

H=H-b,
is the available head for ing the turbine, and on this the calcu-
lanoni for thetmbmdmuld be In some cases it is necessary
lp the turbine above the tajl-water level, and there is then a
fall'h from the centre of the outlet surface of the turbine to the tail-
water level which is wasted, but which is properly one of the losses
belonging to:the turbine itself. In that case the velocities of the
water in the turbine should be calculated for 2 head H-$, but the
eﬁ’ue:éyg by’ (:'ndth}; MIHEﬁamyvj Turbi —Let
1 tency ic & Turbine.
Tae be the useful work done the turbine, ‘in foot-
nd T the work~ expended in 'friction of the tu ﬁ?" aluk.
ng, &c., & quantity vanu with the conditions ia
whu:h the turbine is phced. Then the effective work done by the
water in the turbine is

T=Ti+T.

The of the whale ment of ¢ races,
o P i i e o i

TJGQH,. (6)
Andth:lqdnuhceﬁmmydthelutbmtbmu
4= T/GQH. : ()]
hndmhsteﬁuawyuﬂymthwhnbmmeorydmh
From equations (5)and (7) we get °
wGQH = (GQ/n(w.n-w-)«.
- n=(mnuwn)elgH. ®

This is the fundamental equation in the theory of turbines. Ia
general! w, and wy, the tangential components of the water's
motion on entering and leaving the wheel, are completely inde-
pendent. That the efficiency ybeugru:npa.« it s
obkuﬂy necessary that Wy =0. In that case
9 =wira/gH. (9
ar, is the um:m!emnml wvelocity of the wheel at the inlet surface.
Calling this V), the equation becomes
s=mV,/gH.
This remarhbly nmple equation is the fundamenu!
the theory of tutbines. it was first given by Reiche
baues, 1877). .
§ 187. General Description of a Reaction Turbine. —Pxo!usor
James Thomson’s inward flow or vortex turbine has been
selected as the type of reaction turbines. 1t is one of the best

uation in
wrbinen-

be in normal conditions of warking, and the mode of regulation

introduced is decidedly supetior to that in most reaction turbines.
Figs. 185 and t86 are external views of the turbine case; figs.
187 and 188 are the corresponding sections; fig. 189 is the
turbine wheel. The example chosen for illustration has suction
pipes, which permit the turbine to be placed above the tail-water
level. The water enters the turbine by cast-iron supply pipes at
A, and {s discharged through two suction pipes S, S. The water

tin ], because when the water leaves the turbine wheel it
ceases to act on the machine. If deflecting vanes or a whirlpool
added to a turbine at the d:scharlgmg ndenﬁien '. may in pan depzn
on ¢y, and the statement above
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on entering the case distributes itself through a rectangular
supply chamber SC, from which it finds its way equally to l.h‘e
four guide-blade passages G, G, G, G. In these passages it

HYDRAULICS

in equal proportions from each guide-blade passage. It consists
of & centre plate p (fig. 189) keyed on the shaft ge, which passes
through stuffing boxes on the suction pipes. On each side of

F16. 187.

acquires & velocity about equai to that due to half the fall, and is
dirccted into the wheel at an angle of about 16° or 12° with the
tangent to its circumference. The wheel W receives the water

99

Fic. 188,

the centre plate are the curved wheel vanes, on which the pressure
of the water acts, and the vanes are boynded on gacb side by
dished or conical cover plates ¢, ¢. Joint-rings j, 5 on the cover
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plates make 2 sufficiently water-tight joint with the casing, to
prevent leakage from the guide-blade chamber into the suction
pipes. The pressure near the joint rings is not very great;
probabiy not one-fourth the total bead. The wheel vanes

- receive the water
g without shock, and
deliver it into central
spaces, from which it
flows on either side
to the suction pipes.
The mode of regu-
Iating the power of
the turbine is very
simple. The guide-
blades are pivoted to
the case at their toner
ends, and they are
connected by a link-
work, so that they all
open and close simul-
taneously and
equally. Inthis way
the area of opening
through the guide-
blades is altered with-
out materially alter-
ing the angle ot the
other conditions of
the delivery into the
wheel. The . guide-
blade gear may be
variously arranged.
In this example four
spindles, passing through the case, are linked to the guide-
blades inside the case, and connected together by the links

r y J
I
= 5’

Fi16. 189,

FIG. 190,
1,1, I on the outside of the case. A worm wheel on one of the
spindles is rotated by a worm d, the motion being thus slow

HYDRAULIGS
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enough to adjust the guide-blades very exactly. These turbines
are made by Messrs Gilkes & Co. of Kendal. .
Fig. 190 shows another arrangement of 4 similar turbine, with some
adjuncts not shown in the other drawings. In this case the turbine
rotates horizontally, and the turbine case is placed entirely below
i e water is supplied to the turbine by a vertical
pipe, over which is a den p ugh, ¢ ining a etrainer,
which prevents sticks and other solid bodies getting into the turbine.
The turbine rests on three foundation stones, and, the pivot for the
vertical shaft being under water, there is a screw and lever arrange-
ment for adjusting it as it wears. The vertical shaft gives motion
to the machinery driven by a pair of bevel wheels. the right
are the worm and wheel for working the 'ﬂnidc-blade fear
i ~The largest evl.glo at of

§ 188, Hydrawlic Power at Nisgora.
hydraulic power is that at Niagara. The Niuagana

ompany have constructed two power hauses on the United States
side, the first with 10 turbines of 5000 h.p. each, and the sccond
with 10 turbines of 5500 h.p. The effective fall is 136 to 140 ft.
1n the first power house the turbines are twin outward flow reaction
turbines with vertical shafts running at 250 revs. per minute and
driving the dynamos direct. In the second power house the turbines

FiG. 191,

are inward flow turbines with draft tubes or suction pipes. Fig. 191
shows a section of one of these turbines. There is a balancing
piston keyed on the shaft, to the under side of which the pressure
due to the fall is admitted, so that the weight of turbine, vertical
shaft and part of the dynamo is water borne. About 70,000 h.p.
is daily distributed clectrically from these two power houses. The
Canad Niagara Power pany are erecting a,power house to
contain eleven units of 10,250 h.p. each, the turbines being twin

inward flow reaction turbines. e Electrical Development Com-
pany of Ontario are erecting a power house to contain It units of
12,500

h.p. each. The Ontario Power Company are mrrynrrég out
another scheme. for develol;,ini:oo.ooo h.p. by twin inward flow
turbines of 12,000 h.p. each. stly the Niagara Falls Power and
Manufacturing Company on the United States side have a station
givingl_is.ooo g and are constructing another to furnish 100,000

.p. The mean flow of the Niagara river is about 222,000 cub. ft. per
second with'a fall of 160 ft. The works in progress if completed will
utilize 650,000 h.p. and require l’ii,ooo cub. {t. per second or 21} % of
the mean gow of the river (Unwin, * The Niagara Falls Power
Stations,”’ Proc. Inst. Mech. Eng.. 1%6).

§ 189. Different Forms of Turbine Wheel.—The wheel of a turbine
or part of the machine on which the water acts is an annular space,
furnished with curved vanes dividing it into ‘?nmges exactly or
roughly rectangular in cross section. ‘For radial flow turbines’the
wheel may have the form A or B, fig. 192, A bejng most usual with

Fic. 192.
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inward, and B with outward flow turbides. ‘In A the wheel vanes
are fixed on each side of a centre plate keyed on the turbine shaft,
vanes are limited by tiy-coned annular cover plates. In B
on-one of a disk, keyed on the shaft, and
byacovergatzpnnllcnothedixk. Parallel flow or axial
flow turbines have the wheel asin C. The vanes are limited by. two
concentric cylinders, » :

Theory of Reoction Turbines. .

§ 190. Velocity of Whirl and Velocity of Flow.—Let ach (fig: 193)
bethepatho(u:!epenicluo!wawin{la turbioe whas. Tgit
- path will be in a
plane normal to the
axis of rotation ia
radial flow tarbines,
and on a cyliadrical
surface in axial flow
tul:bines.t ?It anz

point ¢ of the
the water will E\_n
some velocity o, in
the direction of a
taggent to the path.
That velocity may be
resolved iato two
components, & whirl-
ing velocity w ia the
direction of the

F16. 193.

wheel’s rotation at the point ¢, and & compoaént % at right angles
to this, radial in nd.ialplzv, and parallel to the axis in axial ﬂ-

turbines. This component is termed the \(elocigog( flow,
Let %.. w,, %, be the velocity of the water, the whirling velocity and
velocity of flow at the outlet sutface of the wheel, and vi, o, 3
the same quantities at the inlet surface of the wheel. Let « and
be the which the water’s direction of motion makes with the
direction of motion of the wheel at those sus: Then
) "W, =¥, CO8B; 8, =v,8in B "(ro) -
. Wi =Y Cosal ¥ =y, AN @ by "
The velocities of flow are easily ascertained independm:ntfmm
the dimensions of the wheel. The velocities of flow at the inlet and
oatlet surfaces of - the wheel are normal to thosc susfaces, Let
2, Q be the areas of the outlet and inlet surfaces of the wheel, and

Q the vol of water p g gh the wheel per second; then
. Vo= QM; % =Q/%. (11}

Using the notation i fig. 191, we have, for aa inward flow' turbine

(n::gcdnx the space occupied by the vanes),

: Q,=237d,; K =270y (120)

Similaily, for an outward flow turbine, N

. Qmarrd; & =27rd; (r2b)

and, for an axial flow turbine, ,

Q= = x(rytrst). (12¢)

Relative and Common Velocity of the Water and Wheel —~There
is anothc;‘ w.?y olf' relsolvi‘?g the vel%city of @Fhw“:hfé vebfl:ci}’ygei :::
veloci the wheel at the point ¢, fig. 1 en 4

Y po A8 194 water may be resobved
into a component V,
which the water has
in common with the
wheel, and acomponent
#,, which is the velocity
of the water relatively
to the wl

Vdocyyy of Flow,—
It is obvious that the
[rict‘;‘onal ,l‘osscs‘ of
in the wheel pae=2
will increase p;'( T‘.I:
velocity of flow . is
greater, that is, the
smaller the whecl is
made. But if the wieel

- works under watcer, the
skin friction of the wheel cover increases as the diameter of the
wheel is made greater, and in any case the weight of the wheel
and consequently the journal friction increase as the wheel is mude
larger. It is therefore desirable to choose, for the velocity of flow,
u'E:&e a value as is consistent with the condition that the frictional
losses in the wheel passages are a small fraction of the total head.

‘The values most commonly assul in practice are these:— -

:u axial ;l?:nt:rbinei.. ﬂ--lli'f:)"_l to0-2v (a¢gH)
n outw. w turbines, s =0-25v2g(H-1). .
Co He=0-21 to 017V 2e(H-0);
In inward flow turbines, ¥, =u =o-125v (2¢H). -

§ 101. Speed of the Wheel —~The best speed of the wheel depen

panlyontlfeeirictlmllunu.'hﬂthe dinary theory of turb:

FiG. 194.

HYDRAULICS

‘10T

disreﬁa'lds. It is best, therefore, to assume for V, and V¢ values
which experiment has shown to be most advantageous.
In axial flow turbines, the circumferential velocities at the mean
radius of the wheel may be taken- :
V,=V;=0-6¥2zH to 0-66vagH.
I a radial outward flow turbine,

Vi=o-56v2g(H-9)
. VeuVirl/r, :
where r,, 7; are the radii of the outlet and inlet surf:
" ln a radial inward flow turbige,

- Vi =0-664 3‘“: .
If the wheel e water fiowed through it, the
wheel were stationary and the water li it, the
water would follow puﬂurnnllel to the wheel vane curwves, at least
when the vanes were 50 close that irregular motion was prevented.
Similarly, when the wheel is in motion, the water follows paths rela-
tively to the wheel. which are curves paralle! to the wheel vanes.
Hence the relative component, . of the water’s motion at ¢ is tan-
gential to a wheel vane curve drawn through the point ¢. Let v,
Ve tre be the velocity of the water and its common and relative
compocents at the outlet surface of the wheel, and t:, Vs, o be the
same quantities at the inlet surface; and fet § and ¢ be the angles
the wheel vanes make with the inlet and outlet sugfaces; then
oi=y éﬁ»’+V.'—zV-w. cos $) 1)
% =V {0+ Ve -2Vaw cos 8) §*
equations which may be used to determine ¢ and 0.

§ 192. Condition determining the Angle of thé Vanes ab.the Oulet
Swrfoce of the Wheel.—It has been showa that, when the water lcaves
the wheel, it should = -
bave no  tangential -
veloutn. if the effici-
ency T to be_blas
great as possible;
that is, w,=0. Hence,
from (10), cos =0,
B=90°% u,=v, an
the direction of the
water's motion is
normal to the outlet
surface of the wheel,
radial in radial flow,
and axial in axial flow

turbines.
wing 0, of %4,
radial or axial as the Fic, 195,
case may be, and V,
tangential to the direction of motion, w, can be found by thé
parallelogram of velocities. From fg. 195,

tan ¢ =0,/Vemue/V,; (14)
but ¢ is the e which the wheel vane makes with the outlet
surface of the wheel, which is thus d ined w! e velacity
of flow . and velocity of the wheel V, are known. Whea ¢ is thus
determined,

trom %, cotec ¢ = Voo (1 +42V.1). (140)
Correction of the Awgls ¢ lo allow for Thickness of Venes—In
determining 4, it is most convenient to calculate its value approxi-
mately at from & value of u, obtained by neglecting the thick-
ness of the vanes. As, however, this angle i3 the mast important
angle ia the turbine, the value should be afterwards corrected to
allal:t{or the vane thickness.

¢ =tani(x,/V,) =tan-(Q/2V,)
be the first or approximate value of ¢, and let £ be the thickns
and n the number of wheel vanes which reach the dutlet surface o
the wheel, As the vanes cut the outlet surface approximately at
the angle ¢', their width measured on that surface is # cosec ¢'.
Heace the space occupied by the vanes on the outlet surface is -
For A, fig. 192, nid, cosec ¢ ) as)
15

B, fig. 192, n!d cosec ¢
. L C, fig. 192, #i(rg~n) cosec ¢) |

Call this area occupied by the vanes w. Then the true value of the
clear discharging outlet of the wheel is 2,~w, and the true value
gieu. is Q/(n.:_uii-The, value of the aagle of the vanes will
’ #=tan [Q/V,(Q=u)]. a6)

193. Head ncing Velocily with which the Water enters the
WuiConsidgoghe v‘nriation ’ol pressure in a wheel passage,

which satisfies the condition that the sections change so grad
that there is no foss of head in shock. Wh

uall
en the flow is in a horz
zontal gl-ne, there is no work done by gravity on the water passin
through the wheeli In the case of an axial flow turbine, in whic
the flow is vertical, the fall d between the iniet and outlet surfaces
shouid he taken into account.
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mv;.v.hﬁl:tvdoumohhe'hulndnmktud

%, % the velocities of the water,
n. %, the velocities of flow, .
Wi, % the relative velocitics,
ks, ko the pressures, meuured in feet of water,
6 r. the radii of the wi
the angular vdoutyol the wheel.

At any pomt in the path of a portion of water, at radius v, the
wvelocity o of the water may be. into a V=ar
equal to the velocity at that point of the wbeel, and a relative com-
ponent 5. Hence the motion of the water may he considered to
consist of two parts:—(a) & motion identical vmh that in a forced

vortex o[ eoustant angul «; (3) a flow along curves
Mvanem the latter first, and using
_lh' b the ch P due to gh the

'hedpnapuvmbydnequatwn
-t,u- 2= Kotoat/2g:
e = (e = 118) 2.
Thenrlatmolpmsumdueto rotation in a fomedvmxh

Conseqs the holed:ﬂ -(‘gf'_v'l)[z‘ the inlet andoutln
uently the wi erente of pressure at
surfaces of Ke

lq-l. ¥o+h% —h's—
-(v('—w)lz¢+(vn'-m')1u (7))

Ccm 1. Axial Hn Turbines—V;=V,; and the first term on the
right, Adding, h worek of
gnvuy dmm;hlloldk.up-hm(thm;hthe heel.

—h.- (w.'—w«’)lzz—l- (r70)-

Case 2. Outward Flow nes.—The inlet radius is less than

the outlet ndlun. and (Vt'—Vo’)Iz( is negative. The centrifugal head
and {; the velocity

with which !he water emeu tbe wheel. 'ﬂus somewhat increases
the frictional loss of head. Further, if the wheel varies in velocity
from variations in the useful work done, the quantity (Vi* -V.')/zg
mcmlnu u:lh:n the turlt:ue _increases, y v‘:ce versa. Conse-
uently the flow into the t increases when the speed increases,
2nd dnymnuhe‘ when the epeed diminishes, and this again augments
the variation of speed. The action of the eent uzal head in an out-
ward flow turbine is th motion,
For this reason r,:7¢ is made uull. genemlulrva about §5:4. Even
then a governor is sometimes req tethenpeeda(the
Ill'bll&

Case 3. Inward Flow Turbines.—The inlet radius is greater than
the audet radius, lnd the centrifugal bead diminishes the velocity

of flow into the turbine, This tends to diminish the fnctlonal
Iouec,buhthuamote P luence in securing

Any i of di hes the flow mto the
tutbme and vice versa. Hence the variation of speed is less than
the variation of In the centre vent
wheels in America, the m n r. is about s gaudthenthemﬂu-
ence of tbe mmiugal
James ted out nhe -dvamue of a much
difference of radii y making riir,=32: l. the centri(
balaum .bout hall tbe head in the suppl n the

oclt ide-blades does not exmed the outy due
the lal und the action of the eeatrifugal head

pecd

Since the total head ﬂovh the t

gnd‘?thn i pmducmg t mugb urbmeuH—“?é

N T ek Tk .
-y [2g(H—p—(V2— )

u ‘:4 ‘;'bel 28+( Yag)

From (140, to = Vo (1 £V,
{t will he shown immediatel y’t 3 !
m-u.oonocl
w,u(huaonlyamﬂtem.andouonthewmego we
may take, for the present pu . Bei ™ 55 NEA!

(18)

nserting values, remembenn r;'y“ for au axial flow
turbine Vi=VY,, h=o0, and the fall 4 in the wluel is to be N
s e (S ) 150 .
For an outward flow turbine,
w-hq[ui ﬂ—b— (l+ )+ ;]
For an inward Sow turbine,

e Y () 421]

wlmk the Guide-. Blada mabe with the Cwm)‘cnm

.—At the. moment the water enters the wheel,
ndnl component of the velocity is &, and the velocity is vi: Honoe.
“h:ei. the angle between the guide-blades and a tangeat to the

-y =sin~ (s, /o).
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This angle can, if necessary, be corrected to allow for the thickness
he guide-blades.

of the

§ 195. Comdilion Jclemmu-glkd: of the Vanes at the Ixict

Swaaojﬁcw The single condi s;n{u:un:y be satisbed
mletwrfaceo[

l.he .wheel is that the
water should enter the
wheel without shock.
This condition is satis-
fied if the direction of
relative motion of the
water and wheel is
parallel to the first
elcment of the wheel

LetA(ﬁg 196) bé a
int on the inlet sur-
ace of the wheel, and

let w; éeprec&ns in
mgmtu e and direc-
tion the velocity of the water entering the wheel, and V; the velocity
of the wheel. Completing the p % is the d of
relative motion. Hence the angle between ns and V, is the angle #
which the vanes should make with the inlet surface of the wheel.
§ 106. Eumgk of the Method of dmpmlg a Tumn I'nfmw
James Thomson Inward Twrl
- LetH -the ayailable fall a[m' d.eductmf loed of bead in pipes
channels from the
Quthe sy ofvatermcublc feetperleeond and
— - - gmthe of t
The work done per

he turbine.
ﬁeleo lls[ﬁQH.b.:d the h of thﬁ
turbi h.p. =3GQ is taken at 0-7 anl omm
bimn;e“orpm frictional sﬁo-u‘mt 5'
friction of the turb:rc shaft. Then k.p. -o-ossQH
the d for the

lpaoeomup-gbythevmsnd zmde-bhde-) may be taken
g =m, w0- 125V 2¢H,
in which caseabout J.th of the energy of the fallis carried away by

the water discha
- The aseas of the outlet and inlet surface of the wheel are then
287y = 237ds =~ Qlo- 125¢ (2eH).
lfweuhr..sothnttbeaml velocity of diacharge {rom the central
orifices of the wheel is equal to &, we get
T re=0-3984¢ UV H),
. el
If, to obfain considerable steadying action of the centrifugal head,
" Spes ’Z‘f’&f‘m""‘_m Vim0-66v2gH, or the speed due to balf
2¢H, or t ve to
zhemmﬂy Then the m‘mb:t of rotations of the turbine per

O\ NaVifarrmrostoV (HY H/Q):.
also Vo= Virfri =0-33¢ 2¢H.
Angle of Vanes with Oullet Surface.

Tan : -u./V. -0 ns}o~33 =3788;
I thns value is nvwad for the vane thickness it will ordinarily

Velxuy mdz 5mlud the Water enters the Wheel—The bead pro-
ducing the velocity is
H- (V.'Izi)(l-i-c.'tv-‘)-!-«.'/u
—H[I— l,’f56 140-0358) 40156

Thea the wlomy i
V; =96y 2¢(-5646H) =o-721J 2gH.
Angle of Guide-Blades.
Siny =, o, =0-128/0-721 =0-1733
v =10° pearly.

Tengentiol Velocily of Waler entering Wheel.
w; mv,c08y =0-7301Y 2gH.

Angle of Vanes as Inlet Surface.
Cot 0 == (we—V,)/ss = (-7101 —-66)/-123 = -4008;
8 =68° ncarly. .
Hydranlic Efficiency of Wheel.
g=w;Vi/gH = -7101 X-66 X2
’ =0:9373.
This, however, neglects the friction of whecl covers and leal
The efficiency from experiment has been found to be 0-75 to 0-80.

Impulsc and Partial Admission Turbines.

§ 197. The principal defect of most turbines with camplete
admission is the imperfection of the arrangements for working
with less than the normal supply. With many forms of reaction
turbine the eficiency is considerably reduced whea the regulating
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sluices are partially closed, but it is exactly when the supply
of water is deficient that it is most important to get out_of
it the greatest possible amount of work. The imperfection of
the regulating arrangements is therefore, from the practical
point of view, a serious defect. Allturbine makershave sought
by various methods to improve the regulating mechanism.
B. Fourneyron, by dividing his wheel by horizontal diaphragms,
virtually obtained three or more separate radial flow turbines,
which could be successively set in action at their full powet,
but the arrangement is not altogetber successful, because of
the spreading of the water in the space between the wheel and
guide-blades. Fontaine similarly employed two concentric
axial flow turbines formed in the same casing. Onc was worked
at full power, the other regulated. By this arrangement the
loss of efficiency due to the action of the regulating sluice affected
only half the water power. Many makers have adopted the
expedient of erecting two or thzce scpasate turbines on the same
waterfall. Then onc or more could be put out of action and the
others worked at full power. All these methods are rather
palliatives than remedies. The movable guide-blades of
Prof James Th mect the difficulty directly, hut they
are not applicable to every form of turbine.

i C. Callon, in 1840, patented an arvangement of sluices for
axial or outward flow turbines, which were to be closcd success-
fvely as the water supply diminished. By preference the sluices
were closed by pairs, two diametrically opposite sluices forming
a pair. The water was thus admitted to opposite but equal
arcs of the wheel, and the forces driving the torbine were sym-
metrically placed. As soon as this arrangement was adopted,
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partion of the sluice, and stopped each time it passes a closed
portion of the sluice. It is thus put into motion and stopped
twice in each rotation. This gives rise 1o violent eddying
motions and great loss of energy in shock. To prevent this, the
turbine wheel with partial admission must be placed gbove the
tail water, and the wheel passages be allowed to clear themsel

of water, while passing from one open portion of the sluices to

next.

But if the wheel passages are free of water when they srrive
at the open guide passages, then there can be no pressure bther
than atmospheric pressureinthe clearance space between guides
and wheel. The water must isyue from the stuices with the whole
velocity due to the head; recéived on the curved vanes of the
wheel, the jets must be gradually deviated and discharged with
a small final velocity only, precisely in the same way as when
a single jet strikes & curved vane in the ‘free air. Turbines of
this king are therefore termed turbines of free deviation. There
is no vatiation of pressure in the jet during the whole time of
its action on the wheel, and the whole cnergy of the jet is im-
parted to the wheel, simply by the impulse due to its gradual
changeof momentum. 1t isclear that the water may be admitted
in exactly the same way to any fraction of the citcumference
at pleasure, without altering the efficiency of the wheel.. . The
diameter of the wheel may be made as large as convenient, and
the water admitted to a small fraction of the circumference only.
Then the number of revolutions is independent of the water

velocity, and mai kept down to a manageable value.
A § le General Description of an Impulse Turbine or Turbine with
ree

evialion.—Fig. 197 shows a general sectional elevaiion of a
Girard turbine, 1In
which the flow is
axisl. The water,
admitted .above a
horizodntﬁl' hﬂooli;
passes down throu;
the _m-'mulaln;e wl_\dg:l
containing the guide-
el

blades G, an
thence iato the re-
volving wheel

The revolving wheel
is fixed to a hollow
shaft suspended from
the pivot p. Thesolid
internal shaft ss is
merely a fixed column

The advantage of thi
is that ‘hege wﬁ F16. 198,

6. 197,

8 modification of the mode of action of the water in the turbine

ame necessary. If the turbine wheel passages remain full of
water during the whole rotation, the water contained in each
Passage must be put into motion each time it passes an open

| entrance or exit of air

le for lubrication and adjustment. B is the mortise bevel
wheel buhkh the power of the turbine is given off. The sluices
are worl by the hand wheel &, which them successively,
in a way to be described presently. d, d arc the sluice rods. Figs,
:3,8, 199 show the sectional form of the guidc-blade chamber and
cel and the curves of the wheel vanes and guide-blades, when
drawn on a plane de-
velopment of the cyline
drical section of the
wheel; g, 4, 6 are the
sluices for cutting off
the water; b, 8, b are
apertures fry which the

is' facilitated as ‘the
buckets empty and fill,
Fig.:oo, 201 show the
gulde-bladegear. o,8,8
are the sluice rods as

small block ¢, having
a jecting  tongue,
whlglv .ﬁgdes in the
groove of the circular
cam plate d, d. This
circular plate is sup-
ported on the frame.e,

F16. 199.
and revolves on it by means of the flanged rollers £,  luside, at the

top, the cam plate is toothed, and gears ato & spur pinion connected
wi':‘n the hand wheel A, At g¢ is an inclined groove or shunt. When
the toogues of the blocks ¢, ¢ arrive at g, they slide up to a second
roove, or the reverse, according as the cam plate is revolved in one
irection or in the other. As this operation takes place with each
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siuice saccessiv=ty. any number of sluices can be opened or closed as |
desired.  The turbine is of 48 horse power on(s-n ft. fall, and the
supply of water varies from 35 to 112 cub. {t. per second. The
g

(IR

Al
il uil S
kg | ¢

B

@ ) I8
i I
a a Q
Fi16. 200,
efficiency in normal working is given as 73%. The mean diameter
of Au:e whe:I ':s 6 [t., and the speed 27-4 &lutiom per minute.
as ool a )i

P ial flow impulse turbine,
a 100 h.p. turbine at Immenstadt may be taken. ‘Igne fall varies
from 538 to §70 ft. The external diameter of the wheel is 4§ ft., and

g —d,
= —,
< o

dwtantd
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Hence the vane angle at inlet surface is given by the equation
cotd -%w:-v-)/& - (o-h-gs)hg- '7le'vq .

. . 5
The relative vebc?ty of the water striking the vane at the inlet
is mimu; cosec#=1-228,. This relative velocity remains
unchanged during the passage of the water over the vane; conse-
uently the relative velocity at the point of discharge is vy = 1-22u;.
11:0 in an axial fow tu
If the final velocity of the water is axial, then -
mz‘o ’3’

€08 = Voftes = Vit =0-§/(1-22 X 0" .
“This should be conecle:(.l"‘or th?g’ane thickness. Neglecting this,
Uy =B,y 8iN @ WDy 80 G5 COSCCH Sin w0 Su,. The di rging arca
of the wheel must therefore be greater than the inlet area in the

ratio of at least 2 to 1. In some actual turbines the ratio is 7 to 3.
:l'bilhegtatgr otzdet ;m)t is obtained by splaying the wheel, as showa
1n the section . 199).

§ 200. Pdkms{l'bg.—ln the mining district of California about
1860 simple impulse wheels wére used, termed hurdygurdy wheels,
The wheels sotated in a vertital plane, being su on 2 hori-
200tal axis. Round the circumference were fat vanes which
were struck normally by a jet from: nozzle of size varying with the

head and quantity of water. Such Is have in fact long been used.
They are not efficient, but they are very
simply constructed. sttempts were
made to improve the effici , first by using .
hemu%hencal cup vanes, and then using
a double cap vane with a central dividing
ridge, an arrangement invented Pelton.

Io this last form the water from nozzle
passes half to each side of the wheel, just
escaping clear of the backs of the advancing’
buckets. Fig. 203 shows a Pelton vane.
Some small modi&ntinnl bave been made )
lt.yothet makers, but theyuanotolar% t importance,

1g. 204 shows a complete Pelton whed with lrame and casing,
.supgly pipe and nozzle. Pelton wheels have been very largely used
mn

Fi6. 203,

LT LILT U U U
T 0 T 0 00300

Fic. 201,

Ly
T 7

its internal diameter 3 ft. 10 in. Normal speed 400 revs. per minute.
Water is discharged.into the wheel by a single nozzle, shown in fig.
202 with its n-zufau'ng apparatus and some of the vancs. The water

4 the final
_angle of thewheel
vanesis20®. Tbe
efficiency on trial
was from 75 to

78%

l‘zg'lupukz
#ubl‘n.—‘l‘he
theory of the im-
pulse turbine

{
——— ‘;\{:\a\\,\,il’//

Frc. 202,
ing the disc
from the guide-blades. Hence the velocity with which the water
enters-the wheel is simply
¥, =0-96v 3¢ (H-D),
where b is the height of the top of the wheel above the tail water.
I the hydropneumatic system is uscd, then B=o. Let Qu be the
maximum supply of water, r,, 7y the internal and external radii of
the wheel at the ialet surface; then
4 = Qufte(rd-r)].
The value of % may be about 0-45¥22{H-b), whence 7, fycan be
determined.
The guide-blade angle is then given by the equation
o dnz:g!gr-mfow--a:
The value of s, should, however, be corrected for the space occupied
by the guide-blades.
The tangential velocity of the entering water is
w -t my-o-azdzliﬂ—ﬂ.
The circumferential velocity of the wheel may be (at mean radius)
Vi=0-5v2z(H-B).

and to some extent in Europe. They are extremely
simple and easy to construct or repair and on falls of 100 ft. or more
are very efficient. The jet strikes tangentially to the mean radius
of the buckets, and the face of the buckets is not quite radial but at
et St S S B
or greatest the eral velocity w| at
meaa radius of the buckets should be a tittle less than half the velocity
of the jet. As the radius of the wheel can be taken arbitrarily, the
number of revolutions per mi can be dated to that of
the machinery to be driven. Pelton wheels have been made as amall

Fi1G6.:204. ! .

as 4 in. diameter, for driving sewing machines, and as large as 24 ft.
The efficiency on high falls is about 80%. When large power is
required two or three nozzles are used delivering on one wheel.
The width of the buckets should be not less than seven times the
diamcter of the jet. i

At the Comstock mines, Nevada, there is & 36-in. Pelton wheel
made of a solid stecl disk with phosphor bronze buckets riveted to
the rim. The head is 2100 {t. and the wheel makes 1150 revolutions
petr minute, the peripheral velocity being 180 ft. per sec. With a §-in.
nozzle the wheel uses 32 cub. ft. of water per minute and develops
100 h.p. At the Chollarshaft, Nevada, there are six Pelton wheels
on a [all of 1680 {t. driving electrical generators. With §-in. nozzles
each devemlzs hlﬂ

§ g:l. y o/l‘“ PMMW.—A o a jet witha vvlotlg
v strikes tangentially a cw vatie & . 208) movisg in
same direction with the velocity u. The water w!ll -low aver tl
vane with the relative velocity 2= and at B will have the tangent
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relptive velocity v—» malunt an angle ¢ with the direction of the
vane’s motion. Combining this with the velacity « of the vane, the
absolute velocity of the water leaving the vane will bew = Be. The com-
porent of w in the direction of motion of the vane is Ba=Bb~ad
=g ~(9=—u) cos a. Hence
f Qs » quantity of
water reaching the vaoe
per second the change of
momentum per second in
the direction of the vane's

is (GQ/g)lo—tu—
e L
o momentam por seeond
which is equal to the
effort dnmll\e vane, is

-/
L~
»

) —
e

worl
Pu =2(GQ/g) (v —u)x.
series -of r
Fic6. 203%. posed in succession; the
. quantity ol water imping-
ing on the vanes per second is the total discharge of the nozdle,
and the em‘rg expended at the nozzle is 2¢. Hence the
efficiency of arrangemeat is, when e = 0°, ecting friction, -
2=2Pu/GOv =4 (v —u)u s,

which is a maximum and equal to unity if x={s.: In'that case the
whole energy of the jet is uselully expended in driving the series of
vanes. h;dpraeﬂce @ cagnot be quite sero or the water leaving one
vane would strike the back of the next advancing vane. Fig. 203
shows & Pelton vane. The water divides cach way, and leaves the
vane on each side in a direction nearly parallel to the diroction of
motioa of the vane. The velocity of the vane is very approxi-
mately hail the velocity of the jet.

§ 202. Regulation of Palion Wheel.—At first Pelten wheels were
adjusted to varying loads merely by throttling the supply.  This
method involves a Yoss of part of the head at the sluicc e
throttle valve. In addition as the working head is reduced, the
relation between wheel velocity and jet velocity is no longer that of
greatest efficiency. Next a p‘n was adopted of deflecting the jet
so that only part of the water reached the wheel when the load was
reduced, the rest going to waste. This involved the use of an equal
quantity of water for large and small ioads, but it had. what in some
cases is an advantage, the effect of preventing any water hammer in
the supply pipe due to the action of the regulator. In most cases
now regulation is effected by varying the section of the jet. A
conical needle in the nozzle can be advanced or wit! Wil 50 a» to
occupy more of of the aperture of the nozale. Such a néedle can
be controlled by an ordinary governor.

§ 203. General Comsiderations om the Choice of & Type of
Twurbine.~—The circumferential speed of any turhine is necessarily
a fractlon of tbe initial velocity of the water, and therefore is
greater as the head is greater. In resction turbines with com-
plete admission the number of revolutions per minute becomes
inconveniently great, for the diameter cannot be increased
beyond certain limits without greatly reducing the efficiency.
In impulse turbines with partial admission the diameter can be
chosen arbitrarily and the number of revolutions kept down
on high falls to any desired amount. Hence broadly reaction
turbines are better and less costly on low falls, and impulse
tarbines on high falls. For variable water flow impulse turbines
bhave some advantage, being more efficiently regulated. On the
other hand, impulse turbines lose’ efficiency seriously if their
speed varies from the normat speed due to the head. 1f the head
is very variable, as it often is on low falls, and the turhine must
run at the same speed whatever the liead, the impuise turbine
is not sultable. Reactlon turbines can be constructed so as to
overcome this difficulty to a great extent. Axial flow turbines
with vertical shafts have the disadvantage that in addition to
the weight of the turbine there is an unbal d water p
to be carried by the footstep or collar bearing. In radial flow
turbines the hydraulic pressures are balanced. The application of
turbines to drive dynamos directly has involved some new con-
ditions. The electrical engineer generally desires a high speed
of rotation, and a very constant speed at all times. The reaction
turbine is generally more suitable than the impulse turbine.
As the diameter of the turbine depends on the quantity of water
and cannot be much varied without great inefficiency, a difficulty
arises on low falls. This has been met by constructing four
independent reaction turbines on the same shait, each baving of
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.| power and speed are kept constant. Each turb
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course the diameter suitable for one-quarter of the whole dis-
charge, and having a higher speed of rotation than a larger
turbine. The turbines at Rheinfelden and Chevres are 30 con-
structed. To ensure constant speed of rotation when the head
varies considerably without serious inefficiency, an axial flow
turbine is generally used.. It is constructed of three or four
concentric rings of vanes, with independent regulating sluices,
forming practically independent turhines of different radii.
Any one of these or any combination can be used according to
the state of the water. With a high fall the turbine of largest
radius only is used, and the speed of rotation is less than with a
turbine of smaller radius. On the other hand, as the fall decreases
the ‘inner turbines are used either singly or together, according
to the power required: At the Zurich waterworks there are
turbines of go h.p. on a fall varying from 10} ft. to 43 ft. The
ine has three
concentric rings. The cutermost ring gives go h.p. with 105
cub. ft. per second arid the maximum fall. The outer and middle
compartments give the same power with 140 cub. ft. per second
and a fallof 7 ft. 10in. All three compartments working together
develop the power with about 250 cuh. ft. per second. In some
tests the efficiency was 74% with the outer ring working alone,
78.4% with the outer and middle ring working and a fall of
7 ft., and 8e:7% with all the rings working.

§ s04. Speed Goverming.—When turbines are used to drive
dynamos direct, the question of speed regulation is of great int-
P - Steam engines using a light elastic fluid can be easily
regulated by governors acting on throttle or expansion valves.
Tt ia different with water turbines using a fluid of great inertia.

N
X\ Stuice \\3
) Shaft L;J:

F16. 206.

In one of the Niagara penstocks there are goo togis of water
flowing at 1o ft. per second, opposing enormous resi (o rapid
change of speed of flow. The sluices of water turbines also are
necessarily large and heavy. Hence relay governors must be
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used, and the tendency of relay governors to hunt must be
overcome. In the Niagara Falls Power House No. 1, each tur-
bine has a very sensitive centrifugal governor acting on a ratchet
relay. The governor puts into gear one or other of two ratchets
driven by the turbine itself. According as one or the other
ratcbet is in gear the sluices are raised or lowered. By a sub-
sidiary arrangement the ratchets are gradually put out of gear
unless the governor puts them in gear again, and this prevents the
over correction of the speed from the lag in the action of the
governor. In the Niagara Power House No. 2, the relay is an
hydraulic relay similar in principle, but rather more complicated
in arrangement, to that showu in fig. 206, which is a govemor
used for the 1350 h.p. turbines at Lyons. The seasitive governor
G opens a valve and puts into action a plunger driven by oil
pressure from an oil reservoir. As the plunger moves forward
it gradually closes the oil admission valve by lowering the
fulcrum end f of the valve lever which rests on a wedge w attached
to tbe plunger. If the speed is still too high, the governor re-
opens the valve. In the case of the Niagara turbines the oil
pressure is 1200 1b per sq. in. One millimetre of movement of
the governor sleeve completcly opens the relay valve, and the
relay plunger exerts a force of so tons. The sluices can be
completely opened or shut in twelve seconds. - The ordinary
variation of speed of the turbine with varying load does not
exceed 1%. If all the load is thrown off, the momentary
variation of speed is not more than §%. To prevent hydraulic
shock in the supply pipes, a relief valve is provided which opens
if the pressure is in excess of that due to the head.

§ 30s. The Hydranlic Ram.—The hydraulic ram is an arrange-
ment by which a quantity of water falling a distance & forces
s portion of the water to rise to a height &, greater than A.
It consists of a supply reservoir (A, fig. 207), into which the water
enters from some natural stream. A pipe s of considerable
length conducts the water to a lower level, where it is discharged
intermittently through a self-acting pulsating valve at d. The
supply pipe s may be fitted with a flap valve for stopping the
ram, and this is attached in some cases to a float, so that the ram
starts and stops itself automatically, according as the supply
cistern fills or empties. The lower float is just sufficient to keep
open the flap aftcr it has been raised by the action of the upper
float. The length of chain is adjusted so that the upper float
opens the flap when the level in the cistern is at the desired
height. If the water-level falls below the lower float the flap
closes. The pipe s should be as long and as straight as possible,

* and as it is subjected to considerable prezsure from the sudd
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this opens an aperture } in. in diameter, made in a brass screw
plug b. The hole is reduced to Y in. in diameter at the outer
end of the plug and is closed by a small valve opening inwards.
Through this, during the rebound after each stroke of the.ram,
a small quantity of air is sucked in which keeps the air vessel
supplied with its elastic cushion of air.

During the recoil after a sudden closing of the valve d, the
pressure below it is diminished and the valve opens, permitting
outflow. In consequence of the flow through this valve, the
water in the supply pipe acquires a gradually increasing velocity.
The upward flow of :
the water, towards the
valve d, increases the
pressure tending to lift
the valve, and at last,
if tbe valve is not too
heavy, lifts and closes
it. The forward mo-
mentum of the column
in the supply pipe
being destroyed by the
stoppage of the flow,
the water exérts a
pressure at the end of
the pipe sufficient to
open the delivery
valve o, and to cause
a portion of the water
to flow into the air
vessel. As the water
in the supply pipe
comes to rest and
recoils, the valve d
opens again and the
operation is repeated. Part of the energy of the descending
column is employed in compressing the air at the end of the
supply pipe and expanding the pipe itself. This causes a recoil
of the water which arily diminishes the p in the
pipe below the pressure due to the statical head. This assists
in opening the valve d. The recoil of the water is sufficiently
great to cnable a pump to be attached to the ram body instead
of the direct rising pipe. - With this arrangement a ram working
with muddy water may be employed to raise clear spring water.
Instead of lifting the delivery valve as in the ordinary ram, the

arrest of the motion of the water, it must be strong and strongly

6. 207.

jointed. a is an-air vessel, and ¢ the delivery pipe leading to
the reservoir at a higher level than A, into which water is to be
pumped. Fig. 208 shows in section the construction of the ram
itself. d is the pulsating discharge valve already mentioned,
which opens inwards and downwards. The stroke, of the valve
is regulated by the cotter through the spindle, under which are
washers by which the amount of fall can be regulated. At o
is a delivery valve, opening outwards, which is ‘often a ball-
valve but sometimes a flap-valve. The water which is pumped
passes through this valve into the air vessel a, from which it
fiows by the delivery pipe in & reguler stream into the cistera
to which the water is to he raised. In the vertical chamber
behind the outer valve a small air vessel is formed, and into

tum of the col drives & sliding or clastic piston,
and the recoil brings it back. This piston jifts and forces
alternately the clear water through ordimary
pump valves.
Puaes

§ 206. The different classes of pumps corre-
spond almost exactly to the different classes .
of water motors, although the mechanical

-details of the comstruction are somewhat
¢ different. They are properly reversed water

motors. Ordinary reciprocating pumps corre-

spond to water-pressure engines. Chain

and bucket pumps are in principle similar

to water wheels in which the water acts by
weight. Scoop wheels are similar to undershot water wheels,
and centrifugal pumps to turbines.

Reciprocating Pumps arc single or douhle acting, and differ
from water-pressure engines in that the valves are moved by
the water instead of by automatic machinery. They may be
classed thus:— .

1, Lift Pumps.—The water drawn through a foot valve on
the ascent of the pump bucket is forced through the hucket
valve wbea it descends,and lifted by the bucket when it reascends,
Such pumpe give an intermittent discharge.

2. Plunger or Force Pumps, in which the water drawn through
the foot valve is displaced by the descent of a solid plunger, and
forced through a delivery valve. They bave the advantage that
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the friction is less than that of lift pumps, and the packing
round the plunger is easily accessible, whilst that round a Jift
pump bucket is not. The flew is intermittent.

3- The Double-acting Force Pump is in principle a double
plunger pump. The discharge fluctuates from zero to s maximum
and back to zero each stroke, but is not arrested for any
appreciable time.

4. Bucket and Plunger Pumps consist of & Lift pump bucket
combined with & plunger of half its area. The flow varies as in
a double-nctmg pump.

l5. D'I?:;::ed an;np.r hvedbl:en used, in which the solid
plunger an elastic diaphragm, alternately depressed
into and raised out of a cylinder. ’

As single-acting pumps give an intermittent discharge three
are generally us:g on cranks at 120°. But with all pumps the
variation of velocity of discharge would cause great waste of work
in the delivery pipes when they are long, and even danger from
the hydraulic ramming action of the long column of water.
An air vesse] is interposed between the pump and the delivery
pipes, of a volume from s to 100 times the space described by
the plunget per stroke. The air in this must be replenished
from time to time, or continuously, by a special air-pump.
At low speeds not exceeding 30 ft. per minutc the delivery of a
pump is about 9o to 95% of the volume described by the plunger
or bucket, from 5 to 10% of the discharge being lost by leakage.
At high speeds the quantity pumped occasionally exceeds the
volume described by the plunger, the momentum of the water
kecping the valves open after the turn of the stroke.

The velocity of large mining pumps is about 140 ft. per minute,
the indoor or suction stroke being sometimes made at 2so0 ft.
per minute. Rotative pumping engines of large size have a
plunger speed of go ft. per minute. Small rotative pumps are
run faster, but at some loss of efficiency. Firc-engine pumps
have a speed of 280 to 220 [t. per minute.

The efficiency of reciprocating pumps varies very greatly.
Small reciprocating pumps, with metal valves on lifts of 15 ft.,
were found by Morin to have an efficiency of 16 to 40%, ar on
the average 25%. When used to pump water at considerable
pressure, through hose pipes, the efficiency rose to from 28 to
57% or on the average, with 50 to 100 ft. of lift, about 50%.
A large pump with batrels 18 in. diameter, At speeds under 60
ft. per minute, gave the following results:— .

Lift in feet . 142 34 47, .
iency 4§ -66 70’

The very large steam-pumps employed for waterworks,
with rso ft. or more of lift, appear to reach an efficiency of go%.
not including the friction of the discharge pipes. Reckoned on
;l;e./’indieaud work of the steam-engine the efficiency may be

Many small pumps are now driven electrieally and are usmlly
three-throw single-acting pumps driven from the electric motor
by gearing. It is not convenient to vary the speed of the motor
toaccommodate it Lo the varying rate of pumping usually required.
Messts Hayward Tyler bave introduced a mechanism for varying
the stroke of the pumps (Sinclair’s patent) from full stroke
to nil, without stopping the pumps.

§ 207. Cenprifugal Pump.—For large volumes of water on
lifts not exceeding about 6o it. the most convenicat pump is
the centrifugal pump. Recent improvements have made it
availabie also for very high lifts. It consists of a wheel or fan
with curved vanes enclosed in an annular chamber. Water flows
in at the centre and is discharged at lhe peripbery. The fan
may rotate in a vertical or horizontal plane and the water may
enter on one or both sides of the fan. I the Jatter case therc
is no axial unbalanced pressure. The fan and its casing must
be filled with water before it can start, so that If not drowned
there must be a foot valve on the suction pipe. When no special
attention needs to be paid to cfficicncy the water may have a
velocity of 6 to 7 ft. in the suction and delivery pipes. The fan
often has 6 to 12 vanes. For a double-inlet fan of diameter
D, the dianveter of the inlets is D/2. 1f Q is the discharge in
cup. it. per second D=about 0-6 VQ in average cases. The
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pmphenl speed is a little greater than the velocity due to the lift.
Ordinary centrifugal pumps will have an efficiency of 40 to 60%.

The first pump of this kind which attracted notice was one
exhibited by J. G. Appold in 1851, and the special features of
his pump have beea retained in the best putnps since constructed.
Appoh:l's pump raised continuously & vclume of water equal to
1400 times its own capacity per minute. It bad no valves, and
it pamittc;di‘:z mpnnge ol,soli(il bodles, such as walnuts and
oral without ruction to its working. Its efficiency was
als:_ ound to be good. e

ig. 209 shows the ordinary form of a cemtrifugal p

The pump disk and vanes B are cast inone, mll;‘:fl b;":::le’:
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and the disk is keyed on the driving shaft C, The casing A
has a spirally enlarging discharge passage into the discharge
pipe K. A cover L gives access to the pump. S is the suction
pipe which opens into the pump disk on both sides at D.

Fig. 210 shows a centrifugal pump differing from ordinary
centrifugal pumps in one feature only. The water rises through
a suction pipe S, whbich divides so as to enter the pump wheel
W at the centre on each side. The pump disk ar wheel is very
similar to a turhine wheel. It is keyed on a shaft driven by a
belt on a fast and loose pulley arrangement at P. The water
rotating in the pump dfsk presses outwards, and if the speed is
sufficient a continuous flow is maintained through the pump
and jato the discharge pipe D. The special feature in this pump
is that the water, discharged by the pump disk with a whirling
‘velocity of not inconsiderable magnitude, is allowed to continue
rotation in a chamber somewhat larger than the pump. The
use of this whirlpool chamber was first suggested by Professor
James Thomson. It utilizes the energy due to the whirling
velocity of the water which in most pumps is wasted in eddies
in the discbarge pipe. In the pump shown guide-blades are also
added which have'the dire