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INTRODUCTION
TQ@ THE SEOOND EDITION.
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In order to ronder this cdition more valuable (o
tho hydraulic ongincor it hug boen congidernbly ex-
tended by tho insertion of sovernl now tables, formthe,
exporimental cooflicicnts, oxamples, wnd general esti-
mates of cost, It is hoped that (he grent extent and
practical naturo of tho additions will render This
work far moroe uscful than the first in tho over
varying requiremonts of tho profession, The six
pagos on catchment basing, rain-full, aned water power
in the first odition hawve beon oxtended into theeo new
goctions of ono hundrod and ten pages, cmbodying
tho subjects of wator supply, sowerngo dischnrg,
drainage, and tho mothod of delermining Che useful
offect of wator employed in turning the varions Kinds
of water wheola. Considernblo sulditions hawe ulso
beon mado in Sections I, LI, TV, VHI, amd 1IN ;
the praclical formulp for gunging hy weirs havo heen
oxtonded through twonly-onos extrn pages of new
mattor ; tho portion Lrenling of the convoying powers
of pipes and rivors has been also extended by the
insorlion of now (ables ab pages 42, 162, 191, 220,
and 262, and of sevoral now formulo, minongst which
wo beliovo that ab pago 216 (1194), will be found, in
praclice, the gimplost and most wceueato yol dise
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covered for vangos of velovidy vavying bobw en o
et wnd bwenty Teob per seeond, ad for nll ererip,
tions of channels, pipes, nid vivers with wh rh the
engincer has Lo dead

Weo hove noticed ab prge 98 the ereoneonts 1 {atioy
of Movin mud other cngineers in giving dnl two.
thirds of the eo-olicient of  dischargo  for VPR,
This notabion assiomes thad the theovelival dise gD
from o notel s thoe swne aw if adl the partic osof
water had the smme veloelty as those under jos,
which, boing too large by one-thind, the experin niul
cocificiont has to bo reduced in the same propo jow.
My, Blackwell and Mr, Hughes, in this countey, ad
themsolves {0 this nemenelntvee ; tho labter wen e
_man says, page 328 of s wseful treatise on W Ter
"ﬁ#‘.*'m‘lmK « Mr, Neville, in hig tablos ol the dise i 10

ovor weirs, termed the theoveticnl diseharge 33 i

instead of 48143 in cuble feel per winunfe” Ve
woero corvect in doing so, for noweir ong fool ton
and those who adopt the lubler fornwle aro in ervo
this is o matber of demonstention, wol ol opinio
Wo can ses no reason for sanebioning o differes
notation for notehey, or orilloes nb the surfaee, ni
qunk orifices.  Tho doolliciends whow in thin plates
with large cistorng, have nearly (he samo generiy
valuo, *616 o 628, and it toads to confusion fo adopt
in one placo a cocflicient for o corveet fovmundy, nnd
in another a cocfliciont fox avincorrect one; although
the final result by an equalily of confrary errovs
may be the samo m both.  Wo may here observe

- i S s st TR gy BT S N i

* Wanle’s Sorios.
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how vory general the coeflicient of bwo<thivds, and
thereabouts, {g for all ovifices, notehed, aned also for
the usclul cffeet devived from  the appliealion of
water power, as well as the relation of the veloeily
duo to the fall and the velocily of waler wheels o
olvo O maximum result,  Tho modifieations of voellis
cients dependent on tho position, Chickness, form,
and approaches of an orifice ave seldom understood.
The defeets in the ovdinary formula when the velow
city of approach has o be considered aro poinled
oul ab pages 100, 1156, and L6, wnd it 15 to he ro-
grotted that the authority of D’ Aunbuisson wid others
has misled many ag to the corrcel” form,  Beloro I.;Iur
effective power of a waler wheel, or waler enging,
can be detormined we must know how Lo guugoe tho
water supplicd to it correctly.  This cun he dot
only by the application ol formulwy varied to suil L
circumstances of the cuge under consideralion,  Iron
cauges, which it 18 nobt necossary to enier inlo oo,
this has scldom been done, and very Titth depondenc
can ho placed ow resulls obbained by the fornnln in
common uso when applied generndly, 10 is plonsing
to follow Ifraneis and Thomson throngl the steps hy
which they geb the eflective power of Lheir wheels,
and we have accordimgly made considernable use of
their labors in Scetion XTIV,

We have modified somo of the old purtin] cquations
for the veloeity in pipes, boginning wb (86), frow the

‘' o 3!

form v = {?;: -} 4?’_.,]& “"'"'2?;1 into v = N 1 e 'L;f*: :
principally for the purpose of giving the numeriend
values of ¢ inthe form » =¢ 'b.,-/ y s OF course Lheso
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motifiontiony wre only n.'pp'li{':ul_s'lu when the  ahu of |

{6 1 1 . i . ‘.l
iy j; 18 amull compared with that ol the s ploeil
P

3 LT et e
L

Somo remarks will e fouud al pugo S04 ros vetig v

M. Durey’s new formula for the veloeily of w tev 3
Civon pipes, ns given by Movin in his: Lapdrer figne,
Wo have, only ginee those renurks were writher seen |
tho ovigined Mémoive, prinfed in Tome NV, Mb oires |
prisentés pur daers scivends & P Aeeedimie des Nenees i
de PInstitud Iopériad de Franee, Pavis, 1838, 'his
Mémoire oxtonds throngh 263 quarto pages, of W eh
94 contain tablos eatenlabert from (he formule,  Wo
Lavo 1ot had timo fo do moere than ghaeo throwg i, 1
vut the deduced formule appenrs to ho eubively e |
vived from the author's experiments,  FPhis we o e
sidor, to somo extent, objectionable ; but, howe
this may be, there ean bo no doubt that the viluo of
the coeflicient ¢, in the formuln » =xe Vs, inereds §
with the inclinabion, s, s well nsg with the dinmete
4o, of the pipe; and as M. Davey’s formidi ke
tho valwo of the wmultiplier, ¢, depend alone on th
valuc of », or 4 7, thore appears an omisaion, i makin
tho coefficient of friction entively indopendont of Lhe
hydvanlic inclination, and dependent only on the xize
of the channel, W shall give & fow oxamples, luken
at disoretion, to show how limited (his formuly must
be in its application.

1., Couplet’s experiment, No, 48, p. 103, vedueatd
to feot, givey » = 3007 feet, s = 0085, r& = D013,
and the obsarved velocity v = 3478 feot == 98 /s
nearly. Darey's formula would give o = 1108
v/ rs, owr formula 106 Vv s nearly, and Weishach's
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108 /s noarly., The pipo was probably an old
one, end a deduction of aboul 10 per eent, night in
made for tho state of the bore.  Wo hanvoe here, hows
ever, no means of judging the oflost of n ehige of
inclingtion on the multipliov,

9. From Du Bufit's exporimonts with wu 1neh
pipe, nearly, Nog, 60 and 51, p. 103, wo gel, allor
reducing them to feet, in expoeriment H8), » = 0233,
s =228 and v = 633 feet == 802 /rw, or, allor
making tho nccessary deductlions in the head for the
velocity and the orifico of ontry with the cocllicient
‘816, & == 14T and v = 38 foob == 1114 Vs I
experiment 61, wo also geb I loet » == 0223, & oo
3074, and v == THd = 92 +/rs; or, by muking
allowance for the head due o the veloeity wul the

(}rlﬁce of enLry, ag before, ¢ =174, and » =2 760
feeb == 1197 /rs Iere wo seo how the velooity
or ..valuo of the J'nclilmtinn, s, afleots tho value of
tho multiplier, the. dinmeter remusining constont,
M. Darey’s formula, in cach cage, would {mly’ ke
v == 80'3 v/7s.

3. In the oxcerpt .l'u'onum'Iin;,z;H u[‘ tha Institulion
of Civil Engineers, p. 4, 6th February, 18506, Jumes
Simpson, president, in the chair, there iy given for
the “Colinton pipe” 16 inches dinmoler, cight op
“nine years in use, threo obsorvabions,  1fieal, 29,640
foet long, a head of 420 feet and w disehurae of H7)
cubie feol per minuto: these give o = 6816 (ool o
992 o/ s noarly.  Secondly, o length of 256,765 fowd,
2 head of 184 feet, nnd n dischargo of 440 cubie lool
per minute : theso give v = 6262 feet = 963 /1.
And thirdly, a length of 8,815 foet n hend of 181
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foot, nued o Qischarge of 1,216 enhie Toel per o innde:
theso givo » = 140 feel = bED rsnomly, | thesy
theeo oxnmplos, the dinmoter, cusbimgs, il w0 of
tho pipes nre the swne, Yol wesee, clenvly, 11 il the
inclinntion affeets tho multiplier of Nr s _whi t in.
eveuses with the inclination, s, nithough ML 1P cey's
formuls would mako the multiplier the same in ach
enso, et for ol inclinetions, viz, v = LE) /s,
Making those allowances insepurable from the lafo
of the pipo, and alt oxporimontal vhservations, 1 cse
rosults, as woll as those from D Buil's experime ds,
confiem tho aceurncy of oue general formudn (11 14)
pago 216%, and thoso others wo have given follow 1
it, ns woll also as that of Woishach,

Dr. Young's formaly, page 207, hows o resc
blanco to that of M. Darey, in making the mu. i
pliov of +/»¥ depend only on the dinmeter; Imb 1§
works in n contiary manuor: for the high veloeiti 3
being derived from pipes, with smnll dinmoelors in il
experiments ub his comumnd, the viduo of ¢ i » =
¢ /78, vedueod from his formula, becomes larger &
gonevad for small than for larger dimmelors, N
doubt an allowanco should bo muda in swall pipet
for o thin fiim of wator wljuining the pipe with littlo
or no velocity ; but within tho limits which tho en-
gincor has to denl this may bo noglectud.  {ts olfoet,

gl \Emdwe | v epempyhy sy e sy Fh gt e o pugued s & L | ' [ ] [] - aEm L]

2 The form I which wa fivet discovorml thin formmin war

*-i*—“

1068 . .
P = {140 ~ T X o, For mmwures e molves i hecmnes

p==2 778 (rob - 40 (ra)d; in which » is hall the swdivn of » cy-
lindvrienl pipo, or tho hydvuslio ynoun dopth of any clennad,
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as woll as that ol all the othor resistunces, jrnelions,
conbractions, dopogits, &e., v grontar n siandl than
in large pipes. Wo musb refor fo the hody ol the
work for further vomarks ou this subject, Il feom
lately :prem*ing ab such length in bho Mémoires of
the Tmperial Acadomy of Seichees, M, Duarey™s (o
mula called for ospeeial notico horve,
- The Statistics of rein-fnll and ealehmenl-husing
have not yeb received the atbention which the sulject
deserves.  Tho distribution of min ganpes with re-
ference to elevation, coutonr, temperabure, and ixo
thermal lincs has not heen sulliciently atlewded fo,
The connexion of tho rain-fall ivith Lhe discharge
generally, for the whole catehment, Tor the tribubary
catchments, and their sub-catchments, ab the sen in
the middle districts and at tho sowrees, noling the
geology, must bo obgorved for sevoral years heforo
the questions of gupply, discharge, ahworplion, il
evaporation in any climato can ho answored,  The
maximum and minjimum diseharges in eaeh yenr and
sorics of yoors must he observed, us woll ng 1ho
average mean discharges, and the maximums nnd
minimums of these also, hefore the physienl con-
nexion of climate and eatchment can bo corroctly
ascortained, and tho engincer furnished with relinblo
data. Heretoloro obsorvations, even when bost, havo
been partial or limited, and w wide fold is hero yol
opon to competent physicists in connexion with o
drainage works, |

The general itoms of cost given in Seorron NT1,
will 11_0 found of wse; they wro intended, liow-
ever, more as guldes than as standards for obher
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feot, and o dischorge of 1,215 embie foet per minute

theso givo » = 146 fook == 116 v/ nearly, Tn Lhes

threo examples, the dinmotlor, custings, wnd wgo
tho pipes ave tho sune.  Yob we see, elearly, that th.
inclination affects tho multiplier of /s, which in
erenses with tho inclination, s, slthongh M. Darey’s
formula would mako the multiplier the swme in cach
ense, aud for all inclinations, viz, v = 110 /rs.
Making thosc allowances ingoparablo from tho atate
of tho pipo, aud all oxpeorimental obscrvations, theso
results, as well as thoso from Du Bufit’'s exporiinends,
coufirm the accurncy of our genernd formuln (L10A)
pago 215 *, and thoso others we have given following
it, as well nlso as that of Weishach.,

Dr., Young's formuln, page 207, hears s resem-
blance to that of M. Darcy, in muking the multi-
plier of +/7x depend only on the dinmeter; but i
works in & conlrary mannor : for tho high velocilios
being derived from pipes, with small diamoelors in tho
exporiments wb his command, the viduo of ¢ ino =
r /18, veduced from hiy formule, becomes Turger in
coucral for small than for larger dinmelors, No
doubt an mllowanco shonld bo mado in small pipes
for a thin film of water adjoining tho pipo wilh littlo
ot no veloeity ; but within the limits which tho en-
- gineer has to deal this may bo neglected.  Its offect,

et . el i B ks x mys e - . - ol Y opm! Maw n - "N

& Tho form in which wo first dincovorod thiv fwemule was

{» .
p=s {1:10 — :-lﬁ;‘;} X/ ra. Formesaareod in motees il heconen

v=T773 (ra)l — A0 (ra)d; in which » is half tho endins of u ¢y-
lindviedl pipe, or tho hydvrulic mean dopth of uuy clnnd,
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as well as that of all the other vegistanees, junetions,
contractions, deposits, &o,, is greater in small than
in largo pipes.  Wo must refor to the body of e
work for further remarks on this subject, but fron
lately aplmm'ing at such length in the Mdémoires of
the Imperial Academy of Sciences, M. Duprey’s lor
mula called for especinl nolico hore,

- The Statistics of rain-fall and catehmoeni-haging
have not yet received the attention which the duhject
deserves.  The distribution of rain paunges with re-
ference to olovation, contonr, tempernture, and iso.
thermal lines has not Dbeen sulliciently ablended (o,
Tho connexion of the rain-fall ivith the disehnrg
gencrally, for the wholo eatehment, lor the tributnry
catchments, and their sub-catchments, at tho wew in
the middle digtriets and ab tho sources, noling tho
geology, must bo observed lov sevoeral years heforo
the questions of supply, digeharge, absorption, wnd
evaporation in any climato can bo answered,  Tho
moximum and minimum dischargos in cash yoor and
serics of years must bo observed, s woll as tho
average mean discharges, and the maxinnums aud
minimums of these alse, hefore the physicul con-
nexion of elimato and catehmont can bo corroctly
agcertained, and the engineer fmrnished with relinhlo
data. Ilerctoforo obscrvations, aven when hest, have
been partial or limited, and a wide field is hero yob
open to competent physicists in connaxion with onr
drainage works, |

The general items of cost given in Seerion XTI,
will Lo found of use; they aro intended, how-
evor, more as gunides than as standards i other
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works, the cost of which must dopend on, thoir own
circumstances, Those who have practival experionoo
of the differonces botwoeen estimates, cost, md value,
and how thoy are affocted by time, locality, quality,
and quantity, will estimato for enel caso in dotail ;
but the diseropancics bobweon cstimabes wwd  cost,
oven under the saumo cirewmstances, ave too woll
known to call for any rematk hero.

A Tew words about owr publisher, Mr, Wealo
having purchased our interest in this edition, ab onco
decided on adopting larger typo and bettor paper,
ab o heavy oxtra outlay to himself,  We had reason
“to.be satisfied with the mamner in which the fivst
edition was brought out, in thig, howoever, ho hos
~ excelled, and we hope his enterprige will receive o fair
return, -

Jocelyn Street, Dundalk,
October, 1860,
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In preparing the lollowing work, we had three oh.
jeets in view: {irst, o colleetion of nselul hydrandic
formulee ; secondly, o colleelion ol experimental re-
sults, and cocflicienty ; and, thirdly, eolleelion of
useful practical tables, some ealeululed ontirely from
the formulm wnd experiments, wul othors. for the
purposo of rendering the calenlntions mora casy.

The Tasrrg ab the end of the volume nre all
original, with the exception of ‘Panne 1, whicl con.
taing the well-known coclicienis of Povoprsr wd
Lrssrog; but those avo nowly wrranged, the lisuls
reduced Lo luglish inches, and the coeflicients for
hoads meagured over and back Trom Hie orilies,
placed side by side, lor more ready compurison,
The coellicients in the small Tables thromwehouwt (e
work have been all ewdevladed by ug fean tha aviginl
experiments ; “the formule have heen eteelully exs
amined, and the continental ones reduced (o Fnglish
measures—some of them, ag wil be seen, {or the
firgt; time,  No labour hag been spured in preparing
the Tanrus, and they are all purely ydvaudie; thongel
some of them are capable o' heing olherwise npplicd,
Wedave filled no gap by the indroduetion of Tables
applicable to othor gubjects, nnd in evory-duy use.

I
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The correction of some of the experimental fo .
mulw, particularly tho continental ones, ag printc |
“in somo Fnglish books, cosl ug some Tabour, iy
Du Buidt’s woll-known formuln s frequently mi
printed; and in o lato hydealic work, :.,,/: (leatl,
of the factors, is printed a7d—) in evory page who
it is quoted. Tt is nob always that suel mistake
can bo avoided, but oxporimental fornulw are s
often copied .from one work into wiother withou
sufficiont oxaminabion, that gn crror of {hiy kin
frequently becomes fixed ; and when applied to prae
tical purposes erroncons formulay geb Lhe covrect nnes
into disrepute,  See noto to formuda (01,

~The Tasres of velocitios and digehirgos over woeirs
and notehes have heen caleulatod for o great numbor
of cocliicients to meol different cireumstances ol ap-
proach and overfudl, und {or vavious heads from | th
of an inch up Lo 6 foel, 'Maura 1L ombodies (ho
velogitios acquived by fulling hodies wader (he hewd
of “theorelical velocity,” and tho velocibies, suited
to vartong coeflicients, for hoeads up to 40 feot.

~The formulw Tor ealeulating tho elleely ol the ve-
locity of approach o orviflees wand weivs, wnd the
necessary corrections for' the ratio of the channel to
tho ortfice, ag well ag Mantu V., wo boeliove o hoe
original, - Thoy will be found of mueh value in de-
termining the proper cocflicionts suited to vurioun
ratios, Tho remarks throughout Seorion 1V, are pur-
ticularly applicable to the proper use of this Tanr,

Lapre VIL of surfaco and mean voloeilies will be
found to vary from those generally in use, and (o be
much more corrcet, and bebter suited for practical
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prrpogos, partienlarly ag applied to finding the mean
wvelocitios in rivers, |

We have extended Tanre YIEL so ns toomake it
| direutly availablo for hydranlic moesu deplhs, from

foth of ayy inch to 12 foot, and Tor various hydrulie
inclinations, cven up o vertieal, for pipes,  The full
in rivers seldom oxceeds 2 or 3 feel per wmile, or the
velocity 5 or 6 {oct per second.  The extension of the
Table for great inelinntions, amd consvquently preal
velocitios, wag made for purposes of ealenlubion, nnd
to include pipes.  I6 must bo understood  througl.
out thig Tanre that the veloeitics wre these whiel
continue unchanged for any longth of chuannel, viz,,
when the resistance of friction i3 equnl (o the aeeeles
ration of gravity, the moving waler wid  elunmel
being then én drain.  Several of Do Bulil's experis
ments were mado with smoall vortieal pipes, This
Tanue i8 cqually applicable to pipes and vivers, sd
gives direetly eithor the hydraulie inelination, the
hydranlic mean depth, or the veloeity when nny two
of them are known,

Hydraulic formulw have heen feequently renderad
unneeessarily complex, and unsnited for pracetion
application, by combining them with those of muere
mensuration in order to find the diseharge,  Wo lnwve
thercfore given fornlw Tor linding the meuwn veloeily
principally,—unless in u low Ingtanees, as i orifiees
near the surface, where the dischurge ilsell is firsl
neeessary to find the menn voloeity ;5 Lhis onew defers
mined, the caleulation of the dischuarge heeomes ope
of simple mensuration,

Wo have preforred giving the mesn veloeity (o L

n il
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disehargo itself in Fanrn VILL, heeanse, while
infinito number of chamels having thoe sne hydrand
inclination () and the smme hydeaic memn depth ()
must have the same veloeity (0), yeb the seediow

arcay, and consequently the diselirgosg pay vy

upwards from 6283207 Cha wron of w semicireals

channel, to any extent; and the operabion ol wall

plying the aves by the monn veloeily, to liud (h

discharge, is g0 very simple that any tabulation (o
that purpose ig unnccegsary,  Desides this, the hanls
of rvivers, unless avtificially protected, remain very
seldom at a congtant slope, and thevelore any Tanrzg
of dischargo Tor particular side slopes are only ol use
so far ag thoy apply to hypothetical cases.  Tdeed
wo have seen, in new viver cubs, the banks, cat first
to a given slope, alter very considerably in o low
months ; while the necessary regimen belween Lhe
velocity of tho water and the chamel was in tho
course of boing established, 'he veloeity suited to
the permancney of any proposed viver ehannel,
though too often entively negloetod, is tho very first
element to be considered,

Ifor cireular pipes, however, Tanrs TN, gives the
discharge in cubie feeb per minute when the veloeily
in inches per sccond is known, or {found from TAvLE
VILL, and i3 caleulated for pipes from fth of aun fneh
up to 12 inches m diamoeter, Tanrm XL givey also
the discharges in cubic feet per minute Crom the
different equivalent river channels in Tanrs N,

Tapre X, for finding the heads on weirs of difforent
lengths, Tasre XL, of cqually discharging river
channels, and Tapre XIL, of the actual discharges
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from tho equivalents in Tanre NL, will he found of
orcab practical valuo when new weirs mnd waler-cuts
have to bo made,  Tasres N1 and NTL are equully
applicablo to ehunnels having side slopes, tho widthy
being then the mean or cenlral widlhs,

When the dischargo aud Gdl are known, wnd the
hydranlic mean depth and the dimensions of ey
channel have to be determined, Problem 1L, seelion
8, as illugtrated in FKxamrrns L7, section [, gived o
new and perhaps the most practically useful solution
yeb published.  Tables N1, XITL, and XTHL are paoe
ticularly applicable to this probieg,

A uniform notation is preseeved throngliont e
work, o that the diffevent experimental fornnthn enn
be compared without any further reduetion,  “The
letter 4 18 used w evory ustanco for the hwead, ¢ lor
the coeflicient, » for the mewn vading or hydreanldie
meant depth, wd ¢ for the gine of the hydenulio
inelinntion, unlegs it bo otherwise staled,  Enoorder
to designate particulne values, the pringey letfers
have deponent or indticd Totters helow Lo expluin L,
Thug A, 18 the head to the /op of an orifies, 4, thy
head ab the dottom, A, the hewd ona wecir, £, the hiemd
due to fiiction, ¢; tho coofivient of disehnree, o, the
cocllicient of weloeity, e, tho coeflicient of contrnction,
&, When the whole hend s made up of different,
elements, such as the portions due to feietion, velovity,
contractions, bends, &e., it 18 expregsed by the citpital
letter ar. |

Somo writers and engineers appear Lo eonlound
the inelination of » pipe, simply so ealled, o the hed
divided by the length, with the hydraulie inelinabion ;
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and congequently have follen fnto error in applying
gauel of the kuown formulw as tako into consideration
only tho head e to the resistance ol friction, Whe
pipes are of considerable lengbh, wnd the wider i
supplicd from o veservoir ab ana eud, tho elination,
found ag above, and the hydraulie inelination, may he
taken cqual to each other without sonsiblo error; but
for shortor pipes, of sny up to 100 feob long, o even
longor, the greater nnmber of formul, as D Buil's
and others, do not diveetly apply ; and it 8 necessavy
to take into consideration the head due to the ortlico
of entry, the velocity in tho tubo, and also to the
impulse of supply whon theve aro junctions,  Theso
separate cloments, and their offeets, will bo considered
in the following pages; but it will ho of uso to reler
here to some late oxperiments, aud the imperfect
application of formulee Lo them, fivst premising thab
A pipe may be horizontal, or cven turn wpmonrds, and
yet have @ considerable hydraulic dnclination, |
Mr, Provig’s valuablo exporvimonts® with 1d-inal
pipes, from 20 to 100 fecl long, have Dheen used in g
recent work for tho purpose of testing the necurney
of Du Buit’s and somo other formulo ;s but the head
divided hy the length ig assumed to be the hydeudic
inclination throughout, and no allowance g made {ov
the head duc to thoe ovifice of ontry and veloeity in
the pipe. Of couvse the writer's conclusions are
erroncous,  We havo shown, Srowion 1., page 80,
- how very nearly the formulwy and exporiments agree.
The formulw appear to have Leen also miswidor-

w—rm
Ty B = PP e =t

% ’l‘.rm"xs;mzt_imm of tho Tustitution of Civil Inginoers, Vol, 11,
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stood Dy tho surveyor who experinented for b
Gencral Board of 1lewltl; for the inelination of the
pipe in itsell’ is assumad o bo the hydenuntie inelin-
tion, and no allowaneo is mdo for tue hewl doe o

the impulso of supply. Wo quote from the Cive,
o - *
ENGINEER  AND  Axcuereor's Jounwal, Yol NV,

page 366, in which it is staded that ¢ Uho chiel tesulls
as respeet the house draing wro thus deseribed in the

examination of the survayor appointed (o make tho
(rigls.”*

« \Vhat quantity of wator worhl ho diselrggal threowgd w8 ineh
pipo on e inelination off L in 3302 < Full at t hewd, 0 wonld
disclnego 100 gallows in thees minnlon, o pipo beingg 500 Geet
longth.  "Phis is with stone-wnro pipe snafinciueal ol Lominth,
"I'hin applion to e pipo roceivingg widor only nt thes inlet, the water
not haing Niglor am the hewd of thoe pipe,

“ What wator was thin *—Bewige-water of the full coanieteney,
und il way llimtlllll'gml HO |tull1|l|llluly it thae ||i|n| Wi |u'rl'i'rlly
clown,

“Al tho samo inclination what wonld w Fineh pige dliselurge
with the samo distaneos P-~"Lwico tho amount (0hat T Gl tran
oxperimont) ; or, in olhor words, 100 gallons wonld e diseharvggnd
in hall tho timo.  ‘Phis likowizo applion to w pipe recelvityg sater
only at tho inlot, and of not gromtor height e the hewl,  In
thoso enson o soclion of tho steostn i dininished st thae ontlon
Lo shout hall Lhe aron of the pipw.

¢t Boforo thoso ﬂ:quwilllmllﬂ witre nle, werrn Hhere ol vetriony
hypothoties] formmbo b peoposod fov goneeal we? Yoy,

E o o B B bT L L E L RN ]

# Minunles of Informmtion with vofivanen 1o Warks e 1hn
romovail of Boil, Water, or Dreninagte, S, &0 Presentold 6 Inith
Housos of Parvlinmont, . 1862, _

t LGt nomintako W enll theso emubn hypothetionl, wbess oo
fur ns tho hypothosin is foundeal on fiets, Fyory fovmnle with
which wo are sequainted i fonndil on experiments, wml fa
boon deduced from i, bt thoxo formadio mre e ofien iy .
uliltiullllj' Illllllil!ll o khovt Lbnes without the etosanery eurtved TL IS
Hwill bo seon from Seron VIL that the experimonts from
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« What would thoso formhe have given with o ib-ineh pipe, nn
wb an inelination of 1 in 1002 and what was the resntt of you
oxperinionds wiide tho Sdneh pipe e formdae would give
enbie foot, the eetuad experimont gave 111 enbie oty comvirting
it nto timoe, the disehnree, seconding o the formaday, amapuren
with tho disedrgro found by aetand pravties, wondd booas 2 ts 3,

o fow wonld 16 Do with o ebael pipei-"he Genauda would
give about L7 cubie foot per minute, whereas practice guve 2
oubie Took por mtnuto,

“!U'nke tho eano of & G-ueh pipo of the snme inelination ---ha
vesulty, recovding (o Me. Hawkeslay's fovinale, would be 104 cubie
foob per minuto; from oxperiment it wag found to bo 04 cubic
feot por minuio.

¢ hon with vespoeb to wnins and dininngoe over o fut surlues,
the vesultof courss hecomos of muely wore value, as the differencs
proved by nebual prackeo inoremsos with the diminntion of the
inelinution A—Certainly, to a vory gront extent,  For example, the
tables give only 148 eubia foel por minude a8 o disehurgre fron
a pipo 0 inehes dinmotor, with a full of 1 in 8007 praetico shows
that, under the samoe condittons, 478 eubie foot will be disehinrgoed,

Wil you give sn oxamplo of the practieal valuo of this whoen it
ig required to carry out drainago works over wvery tal suvtoes P~
An melination of 1 In 800 givew ouly M4 cubio leot por minule,
aceording Lo theory, while, nccovding o notunl oxporiment, muld
with the swno melinntion, 47 eubie fosd dig givon,

“ Thon this difloreneo may hoe eonverted ofther into ¢ saving of
walor o offoct tho samo objest, or into powor of water to ronovo
foewlont mattor frow bonenth tho sito of auy howses or town?
—[t may ha go. _

‘““And nlgo the power of small inclinations proporly mannged ?
~-X03; for oxample, if it was veruired to construed n wator poursp
thet should diseharga, swy 200 feot por winute, o fovmuln wounld
vequire an inclinetion of 1 in 00=8 inchos 1n 10 foed : whorens,
experiment haey shown that the samo wonld ho dischugod ab
inclination of 1 in 200==§ ineh in 10 foot, thus offeeting 8 cone
sidorable saving in oxeavation, or o smallor dvain would suflico nt
the preater inclination."

e —m a4l r ol bt C R RN ik T .

which the formulm thoro given wero derivad, wore i ovory way
greatly moro extonsive than thoso nwde by the directions of
the Board of Ienlth. Tho formula nwmed is, substantinlly,
Lytehwoin's algebraically transformod,
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{)

Wo have extracted and tahulnted the result+ given
above, in the following ‘'nble, andd also vight ol the
experiments made for the Metropolitan Gomnissioners
of Sewers®: and agsuming for the present, with the

]

surveyor, examined by the Commissioners, thut the
inclinations of the pipes and hydeanlic inelinnlions of
the formulo are the same, 1which is incorreet, Wo give
the calculated discharges, found by means off T'Anrys
VIII and IX,, in the lagt colmun of {ha Table,

.
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Du Bui’s formula, therefore, gives lnrpor cesults
than the experiments in the two Jirst cuses, heeniso
the water received ab one end only buvely fillud it,
and the pipe was not full ub the lower end; hub less
I i theso the head due b the fm-

in the others,

e ik e T T T N F I T

vodaane e T L L,

1 ! ] '
k- Adeock’s lingineor’s Pocket ook, LHEL, pp. SO0 and 200,
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pulge of enbry, ab the upper aud, wd ol the id
junctiong, were knowu, sud tho proper hydeaali
inelination determined by the experuncnds, the for
mulie would be found to give lurgor approximate
resulty in every case, ny might luve heen expected
{rom the sownee-waber used,  Tw the tush ecight ex
nerimenty it iy gtoled®, that @ the waler was wdmitbod
ab the head of the pipe, aud ab five junetions or £ri.
hutary pipes on cach side, so regulated ag Lo keop the
main pipe full,”” and that “withount the wldition of
junctionsg the trangverse scetional aven of tho stream
of wator near tho dischargimp end was reduced to
one-fifth of the corvesponding nren of the pipe, and
that ot required a stmple head of wader of about 22
wnehes Lo give the scone resnlt ay that acerwing wler
the etrcumstonces of the yunctions,” 118 also stated,
that “in the cageof the G-inch pipe, whish dischurged
756 cubic feel por minnte, the Interal strowms had w
velocity of & few fect por minule,”

Now, the hewd of “aboud 22 fnehey” 4 wholly
negleeted in the {ovegoing calewtabions, though in «
prpe 100 food fong o6 wordd be equad Lo an. Inelinedion
of L en 681 It howevor includes threo olomaoents ab
leagt, wiz the povtion due to the oviieo of enbry,
the portion due to the velocity in the pipe, and
the portion duc to frietion. Tl ws assumoe the
case of the horizondal pipe, which discharged 46 cubic
Jeet per minwdet, - This ig equal to o mean velocity of

e

L P BT g’ Tk e M e e = 3 VLML L P aand ara e 1 R 1 4 e Tegl tow

# Adeoelc’s Bngincar's Docket Baok, 1852, pp. 201 aud 269,
t “Lhe hovizontal pipe woeuld dischavge ogually at both ends,
tnless theve was o head of wator b oithor, or an equivalont in
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46'9 inches por socond ; with this vislouily, wo fiud
from Tanr: VIIT, the hydraulic inelinntion ol w fidnels
pipe to be 1 in 04, and, thercforo, tho hewl dne to
friction in a pipo 100 foet long v 12°7 inches.  Ax
suming the cocficient for tho orifice of entry wnd
velocity to bo ‘816, wo also find from lanra 1w
head of 4} inches duo to theso.  Wo then have,

[ead dac to the veloeity and orilteo of

entry . . : . , .20 inelies
Head due to the registanco of friction 1270
Radius of pipe . : : : .o,

] s e A

Total N BT T

which ig about 2 inches lesgs than the observed head
this, however, is not stated definitoly.  J¢ is therefore
evident, that the formule gives, iof anything, lerger
resulls than these experiments®, os wmight leeee lien
expectedd, wnstead of less in the ratio of B to 3, os iv
stated in the Leport,

Wherever junctions are appliod, as in the exnuiples
above referred to, the formulwy in genoral sy reguiro
correction; for tho quantity of wuler then Howiny
below cach junetion iy increased, A cerlain amount
ol crror is, perhaps, insoparable from every ealeul.
tion of thig kind ; hut before wo condemn formuln
deduced from experiment by men every way quali-

tho velocity ot appronch, — OF course, w wnadlor pipe with w fl,
must bo better than the lurger ono with none ab wll, in proventime
doposits,

iyt also teue of the other formudwy, (o (udime e Wi
chnrgo from pipes, wiven in thig wovk. |
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fiod for the task, i would be well thal we shonld
learn to mderstand awd properly apply them,

The dinmeter of o shord pipe gives i dsell the
nmeang of inereasing very considerably the surfnes
inelination of the Auid stremm, by reducing the sees
Hon ab tho lower end,  1f wo assume a horizontal
pipe 50 feeb long and 6 fnches In divmoter, we pors
ceive, that if the roceiving cnd be full, and the
discharging ond  one-thivd f{ull, this inclinalion

: 6~ 2 L : ‘
will be 50719 T 060 and that the dischuarging end
cannot be kept full unless o hemd of several chey
he maintained at the reeciving end, or an equivalent
from o lateral supply.  When the pipo is ahont bwo
dimmetors long it becomes o shord tubo; and when
the length vanishes, tho trangverso scction hecomoes,
simply, a discharging orvifice,

We have been led inbo the foregoing remarks, not
from any desire to find fandf with o Report contain.
ing so much valuable mformation us the one referred
to, but for the purposo of delending from unmeribed
reproach, in o Dhue Book, tho rescavrehies in this de-
pariment, of

“Thoso doad but seoptrod sovereigns whoe still wle
Our scioneo from thoir wrag—"

Du Budf, Young, Eytelwein, Prony, and others.

We do noi prefend to any particalar wceurncy in
the sketches seattered throughout the work ; they are
ouly intended to iHustrato the text, and were sketehed
while writing it, without further aim; neither do wo
pretend to have entered [ully inte the principles o
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practice of hydreulics, our oljoct heing Lo geleel,
construct, and arrange vselul hydreaulice formuhe, ex.
periments, and Tabley for tho vse of all ehisses of
enginecrs,  We make, howover, no apology for pires
ferring fopmule, in their simplicity, to uny written
rules which may bo dedueed from them, ag heing
in every way more gencral, concisy, and elowind,
In conclusion, it ig hoped that any ervors of cou-
sequence in the worly, will be fownd correeted in the

errata.

Itoden Place, Dundalk,
Januwary, 1858, .
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DISCHARGE OF WATER

LROM

ORITICES, WIIRS, PIPES, AND RIVIRS,

Pepira' et 1 oanach RO

SHOTION .
APPLTOATION AND USH 01 TII FABLBE, PORMULE, &,

To find the velocity of « fidling body from the heigh
Jallen, or the height fullen from the velocity.

RoLe — Muntierny iup SQUARE ROOT O TNy
HEIGITY IN INCIES BY 278, AND THE PRODUGT WILL
BE T1E VELOOITY IN INGHES® Lo rNn i ey
FROM TIIE VELOGUTY, SQUARIE THE VELOOIIY IN INCHEM
AND DIVIDE U1 SQUARE By TT28d, rom QuowENy
C WILL BE TR IEXGIET IN INGHES,  Seo equadion ().
Lasrm 11., ecolumn 1, will give the veloeity feom the
height, fonnd in the colwmn of “allitudes,” or Lhe
height from the velocity, direelly.

BxameLn Lo—What is e velocily acquired by e
heavy body fulling Yl of an dnch ?  1n the Table
opposite to Eth of an ineh, found in the column
headed “altitudes 2, woe find 9829 in column 1, for
the requived veloceity, in inches per second.

Exanvrn 2—What is the velocity aequired by «

# o gguare rook of tho height in feot untliigliod by Hdardb

gives tho volocity per second i foat; wnd the wpe of the
voloeity in feot dividod by 000 will grives the haigght i foed,
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Jull of 1Y feet § inches?  Opposite to 11 foet 8
inchog, ag hefore, wo lind 323007 inches, for the
veloelty requived, |

Bxanvrs 8, —What height snust o heavy body fidl
throwgh to.acqivire a velovity of Ay Jeel pey seeoned ?
Ilere 408 feel 19 t:!i}mi,l 486 Inchey, opposilo Lo the
noarest nmbor to which, found bt calumn 1, we (il
925 feot ¢ inches for the reguired Gl In (his ox.
“ample, the neavest ammber to 486 found in the Tablo
ig 480301, The difference 301 m‘n*rnﬁinmdﬂj vory
nearly, to gths of an ineh v altitude, and, Hierelore,
the truo head according o tho vule would ho 267 647,
buaf for all practical purposes the difference is im-
material,
- By means of Tasre I wo con find, direetly, or
by simple Interpolation, tho veloeity dud o gll
heights from vie part of an ineh up to 40 foef, and
the heights from the velocitios,  Tor o greater height
than 40 feet it may be divided by 4, 9, or sone
square number &, and the veloeity fowwd for the
quotient, (rom the Tuble, multipliod hy 2, 3, or s,
the square root of the divisor, will give the volocity
required,

loxanery doe—What is (the velocity aequived by «
Jall of 40 feet 7 ijf = 113, the velocily covroe-
sponding to which, found from the Table, in 828+007,
Hence, 323007 x 4/4 = 823007 x 9 == (4001 ==
6310014 is tho velocity per seeond ree aired,  Tha
reverse of this example is equally stmple.

Columus 3, 4, §, 6, 7, 8, 9, 10, 11, and 12 in the

TR LTI, TR T
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cocflicionts therein stated, Theso colwmug will I
found of great practicsl use in finding the wean
velocitics in the wena-contracta, in tho. vrifies, wnd in
short tubes;  awd consequently also in linding the
mochaniegl force, oy well™ as the  didgeharge,  An
examination of the coefficients in tho swinall Uables
in Srorron TIL, and also of thoso in Tanres T, and
V., at the end of the work, will show how mueh thoy
vary; but thoso most generally nselnl, and their
products by the theoretical veloeity dua to different
heads, up to 40 foel, are givenn in the columng
reforred to,

IxAMCLE b, — What o the discharye  from on
grifice 4 inches Dy B énches, the centve sunk 20 feot
below the surfuce of a reservorr?  Wrom Wannp L1,
we find 430:670 inches equal 35-89 feel Tor {ho

: . 8 x4
thooretical veloeity of dischargo @ henee, Lt X

35.'8!.}--:-% X 80:80 = 797G cubi¢ leol per socomd id
 the theorvetieal Qischarge,  T0 the diseharan takes
place through a thin piato, or i the inner arriges
next the water in the veservoir b perfectly square,
and the water in flowing ont does not il the pagsim
80 as to convert the ovilico into a shorl tube, tha
coellicient will o found from Tawvre 1. to ho 603,
The true discharge then is 7976 x 603 == 4849
cubic foct per sceownd,

For the determination of the coollicient suited 1o
any particular orifice, and tho cirewmstances of il
position, we must refoer gonerally to the wlowing
pages.  If in tho examplo jus givon, the wrrises

(!
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:

noxh thio reservoir were rownded into the e of 1
contracted vein, soo ig. 4, the eoeflicient woulg
inorense {rom 608 to 074 or U606, for w passass nof
exoceding o pouple of feet in {ength,  With the
formor the discharge wonld bo THT6 x QT = T73y
cubic foof, sud with the lubtey 7-076 x 66 == 7.4
cubie feet,  Wo may find from. Tablo 1L (he Tabtor
resulls otherwise,  With a hond of 20 feeb and the
eocfiiciont 074, the velocity is 41948 inclies = 84957
)

Al

foet 5 henee, the discharge 18 o x 34967 =7-768

ubic feet, With a coclliciont of *066, the veloity
19. 41178 inches = 34:31 [eot, and ?} X 3431 == T494
cubic foot, Theso results are the sume, practieally,
ag those previously found.

If the innor arriges bo square, ad tho pagsuge ont
bo from 18 inches to 2 feet long, the orifiee will Do
converted mto o short tubo, tho coofliciont tor whicl
ig 816,  With thig coefticient, and v hend of 20 foet,
wo find as bofore, from 'FAnnnr 11, tho moean veloeity
of dischargo cqunls 361 inches = 2020 feet; henee,

¥ - [ 2 ]
the discharge now is g X 2920 =65 enbie feet por

gecond.

The velocities in nehes per seecond, given in 1'ABLES
AL and VILL, or elsewhere in the following payes, may
be conwerted into veloctties tn foct per miinute, by mud-

i ¥ ' 60 * |
tiplying by b, equal g5+

Exawern 6,—The discharge from a small orifice

having its centre placed 10 feet below the surfuce of o
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reservolr is 18 foct per mibwede, whet will he the tlis-

charge from the same orifice al depth of VT foet £

The discharges will bo (o oach other ns v/ 10 1 8717,

or as L: 4T or, from Tanrn L, as 1 3038,

whonee wp get tho discharge soughl eptiad . 13038 X

18 == 2340684 cubic fcob, -
BxAMPLE T.—What s the value of the expression

Mt = %

m =27 Ilero wo have—

° (L7 807 L ...

Nk :“% USRI T el T 1003 ;
whenee the firgt expression becomes cqual to 617
(110623 equul, (rom Tawrw LLL, 6L7 x 10814 »:
649, the valuo sought., Lanrs V. eontaing the valuey
of this expression for vavious valnes of ¢ and o,
which lattor, a2, stonds Tor tho ratio of the channel
to an orilice; and wo can immedintoly find from i,
opposite 2 1 the frst column, and under the coelli-
cient ‘617 in the sixth column, 649 the vulue soughi.
When the head duo to the pressuve, and to the veloeity
of approach, are both known, we can deforming Gl
new coeflteient of discharge hy the above expression,
and thenee the diseharge itself,  The coofliciont suited

o° 4 _ . . . | | ﬁ
cﬂ{l +--—--—-‘-1—~--} in eguation (48), when ¢y = 6L, and

- to the velocity of approach may howover bo found

directly in ‘Lapre V. ‘Fhe usuad methods for Dnding
the eifeets of the velocily ol appronch, wiven hy
d’Aubuisson and othors, are incovreet in prineiple,
seo Srorion 1V,

LExanrLr 8.~ What 4 the discharge. from an
orifice 17 inches long and 0 inches doep, heving the
upper edge placed 4 inehes below the surfier, wned the

0
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lower edye 18 inches 2 'Tho oxpression for the dis.
(E-]Hu‘;};{‘ 1’-!# X fu,/ r} ol X f,,{(l 4 '”,) '*“*"( f{) }t!t}lln,..
ton (43), i whieh we st bake o =0 lehes; 2, = )
inchos; A= 17 x 0 e 108 squave inchos; anda/2 g d

foumd from Tanre L = 884 inches, W hu.vu, also,
Lo 4
{,"‘ =y = "d44, and heneo tho value of
(L444)} - (444)d = (from Tanrw 1V.) 14,
Assuming tho coofficiont of digchurge to be 617, wo
thon have tho discharge in cubie inched poer secoud
cqual to

% 163 x 834 x 617 x 14 =
% x 127602 x 88848 = THiS,

Consequently, r{gjﬁ = 4374 i3 tho discharge in cubie

{eot por second,  From aquation (6), wo gob tho dis.
charge equal o |

L; GLT x 278 x 17T x {].33' - *If::]}-
Bul 187 ~ 4 = 46-87% — 8, from Tanty 1V, muquul
to 38:872, whenee the dischargo ig
2

y X 017 x 278 x 17 x 38872 = 114861 x 17 x
38:872 = 194:30067 x 38872 = 7647 cubic inches
= 4374 eubic foot, the same as hofore,

It is shown in equation (31), that by using the
mean depth for orifices near the surlace, the dischargo
will approximate very closely to tho true discharge,
and that even for weirs the ermor will not thhbd
6 per cent. The dischurge is then oxprossed by
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BLTV Uy % 8% x 9 x 1T = (leomn Tantas TL) 6001 x
163 = 765108 enbic inches == 4427 enbie feel poe
1 to the centee of  the orilice

seccond.  "I'he hea
Cthe depth of tho orifies 8 inehes,

here 8% inches, anc
thereforo, gn cquation (81), & == o very nearly 5 and,

therefore, this result must bo multiplied by 83, w4

shown in that cquation ; then 989 x f 27 = 4378

cubic feet, which gives o resulb dilfering from those
otherwise found, by a very small quantity, which,
practically, is of no value. By means of Tauns VI
the discharge from rectangidar orilices nene the sup-
face can be found with vory greal facilily,

We may abowys fined the discharge from aie orifice
near the swrfuce with sufficient acewracy, for practical
purposes, by taking the head to the centrey in the same
mmanner as if the orifice were swnfe to o considerable
depth ; then by applying the corrections given fn g
tion (31) 5 ar of the ovifice be clvendar, those yiven in
equation (28) 5 extreme wccwray, wecording to the cor-
reck formad, 8 oblainally,

Gxanery Qo—VWhat is the discherye frome i efreudar
oryfice 4 inches in dicomeler, having its contre placed
tches below the surfuce, when the cocffivient of dis-
charge is *G17 7 Tho aren of the orifiee i 4 » 4 =
7804 = 12:666 square inches,  The veloeity in 1
orifico at tho moean depth of 4 inches, with u eo-
efficient of *617,is 34-31 inches, wheneo thedisehurpo
I8 12666 x 34:31 = 431139 enhie inches == 9196
cubie feet per second, or 14-07 enbic feol per minie,
By meang of Tanrw TN, the diseharen in eubie foot
per minute can be found very readily when the velo.
eity, 8431 inchos per sceond, is known, Ty,
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inthen, Cinbie (i,
or n volosity of 300 the disohnvgees s HAORY
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T R LT

By applying tho coelliciont found [rom equalion
(28), which ig 992, whoen the depth at the conlyo is
twice the radius, as it is in this exwmmple, we get
9992 x 14-97 = 1485 for the correct digeharge in
cubic foet per minute, Flore the difference m tho
rosults ig only 1 in 125, .

The application of Taste VI will enable us {o
find the discharge from rectangulur ovifices near the
gucface very quickly, Resuming “ lixanene 8,7 tho
digcharge may be found from this Lablo for each foot
in length of the orifice, ag follows. ‘Ihe dischurge m
cubic feet per minute, whoen the coelliciont iy GLY7 for
o noteh 1 foot long and 13 inches doep, iy 228-328
and for a notch of 4 inchos doep, 381106 ;3 therolore,
the digcharge from an ovifice § mehes deep, with the
upper edgo 4 inchos bolow tho snrfheo, is 293393 —
38116 == 185207 cubic foct per minute. Bub ag the
length of ‘the orvifice is 17 inches, this mmst bo multi-
plied by %, and tho product 262377 iy the dis-
charge in cuble feot per minube; this is equl to a
discharge of 4-373 cubic feet per socond, and agroes
with that before found, This is the simplest way of
finding the discharge from rectangular orificcs neor
the surface. .

Lixanrry 10.—What is the discharge in cubic feet
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per manatte, from an orifice 2 foot G dnches lony roned T
inches deep, the wpper edge being 3 inches belowe the
surface, and the flf)@fﬁf}fﬂ};-!: of' isolaorge {GARY O Irow
Tanee VI we find tho digcharge [from & noteh 1 Toal
long ‘and 10 inches deep to bo 103-363, and {or o
notch 3 ihches deep, 20°199, Tho difference, or
128-164, multipliecd Dy 24, will bo the dischurge v
quired ; viz. 24 x 128154 = 320385 cubie feel per
minute.

BxAnrLE L1—The size of « channel is 20 Hanes
the size of an orifice, what s the cocfficient of dis-
charge when that for « very large channel in pros
portion to the orifice <s 6287 W lind from Tawue V,
the coeflicient to be -64hH, when {he appronching
water suflors full contraction, By atlending to the
auxiliary Tables in tho toxt, wo find, Tor L s,
GT:E;; = f;l“%ﬁj = 36, We must, thevefore, nmltiply
275 by 857, which gives 2:86 for the ralio of the men
velocities in the ovifico and in the ehunnol approneiing
it With this now valuo of the wbio of the channl to
the orifice, wo lind, as before, the valuo of tho eo.
eflicient from Tanrw V, to bo 661, The voworks
throughont the work, with the aoxiliney tables, will
be found of mueh ngo in dotormining the conflicimnts
for different ratios of tho channel to the orifier,
notch, or weir, and the corrections suited to eneh,
If in this oxample wo woro considoring,—alher
things being the game,—tha alteration in (he ol
cient for a noteh, or weir, it would be found frop
the Table, columm 4, to ho 672 instend of 645
found in column 3, for an orifice sk son depti
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bolow thoe surface. Tor tho vorrections suited to mon
and contral veloeiby, aud to the natureof the npprouches,
WO ;nust rofor to the hody of this work and Lo the
atxilisry tables thorein ab the end of Brerion 1V,

Tixanpry 19— What ds the diseharye rer ey
5O feet long ; the cireranstances yf the nm*m’nﬁ (108,
and wproaches, being such thut the cocfjicient of
 discharge is ‘617, when the head measwred from the
“water tn the weir basin, G oot above the ciesty is
17% dnches 7 "Lanre VI will give the discharge in
cubic foot per minuto, over cuch foob in length of
weir, for various depths wp to 6 feel - I is divided
into two parls; tho first for “grenter cocllicienty,”
viz., ‘067 to 617 ; and the sccond for “lesser eo-
elficients,” viz, 606 to 618, The coefliciont assumed
being 617, we [ind tho discharge aver 1 foob in
length, with a head of 174 inches, o bo 348799
cubic feet per minuto ; hones the yequired dischargo
is 60 x 848799 = 1743900 cubie foul,

The detormination of tho coefficiont suited Lo the
cireumstances of thoe overfull, crest, approwches, und
approaching section, will Lo found disenssed olye-
where through this work., Tho valuable Tabie de.
rived from Mr, Blackwell'a experiments will alwe he
of uge; but the heads being token wb o mueh erontor
distance back from the crest than is gonerally usual,
the coellicients taken from it for hends grenter than
5 or 6 inches, will be found under tho teue onos for
heatls measured mmmaedintely ab or about 6 feot, nhovo
the erest. Tor heads.weasured on the crest, the
amail Leble of coeficients in Sworron [U1., pplicablo
to the purpose, will be of use,
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T ANDLY 18— Whatt s the mecar welondty T o lirye
channel, whesn the mazbnam velocily ey the ceutrad
line of the .‘i‘?#?:ﬁ'tﬂf}! is 81 nches por second 7 TARLE
VIL pives 26:80 inches for the veqnived veloeily, il
for sn-umu; channels 24-86 inehes.  In order Lo find
“the mean-velocity ab the surface from the maxinum
central velocity, the lalter mmst bo mmliplind by
D14,

The veloeity ab the surface is best found by means
of a ﬂouting hollow ball, which just rises oul of Lhe
water,  The veloeity ab o given doplly is host found
by means ol -two hollow halls conneeted with w link,
the lower heing made heavior than the upper, aned
both so weighted by the admisgion of u cortuin quans
tity of watcr that they shall flout along the curreent,
tho upper onc being in adyvance bub nearly yertienl
over the other., Tho velocity of both will then he
the veloeity of hadl the depth bebwoen (e, T
velociby ab the surfnee, found by means of w single
hall, being also found, the veloeity lost ab the hall
depth is had by subteacting the common veloeity due
to the linked balls from that of tho singlo Lall at the
surface.  Thoe velocity af any given depth is then
easily found by a simple proporiion ; but the resuli,
will be most aceurate when the given depth is neavly
half the distanco Letweon the balls, which distane
can never exceed the depth of the ehannel,  iurs
tuhe, Wollmann's tachometer, the hydrometrie prendi-
bom, the rheometer, and several other hydeometors,
have been used for fnding thoe veloeily ; bat these
imstruments require cerbain corrections suifed Lo onel;
separate wstrument, a8 well ay kind of mstrnment,
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and aro nob go corroet or simple, for mepsnring the
velocity in open chunnels, ag o hadl wud linked hadls,

Exanery 1d——What is the discharye from o river
hawving a surface inclination of |8 dnches per mile, or
1 dn 3620, 4O foct wide, 1with nearly vertical lands,
and B feet deep ?  'Tho ween is 40 X 8 =120 Teol,
and the border 40 4~ 2 %X 3 = 46 foob; thorefore the

_ . 120 o

hydreaulic mean dopth 1s ~pe- = 261 feob == 2 leot 73
inches®,  With this and the inclination we find from
Tapry VIIL 2827 4 276 X J-*(}; = 28-87 inches per
second == 2887 x 6 = 14485 foct per minute fov
tho mean velocity ; hence wo gobt 14435 X 120 =
17,322 cubic feet per minute fov the vequived dig-
charge. Tor channels with sloping banks we have
only to divide tho border, which is always known,

into the area for the hydranlic mean depth, with -

which, and the surface inclination, wo enn always
find the veloeity by Tawnw VUL, wad theneo the
dischargo, Unless thoe bankg ol vivers bo profected
by stone pavement or othorwise, tho slopes wil not
continue permanent it ig thevefore whost uselesy to
give tho discharges for channely of particular widthg
and side slopes, When tho mean velocily {8 once
known, the remaining caleulations are those of mere
menstration, and thoy should be made separatoly,
This example may also bo solved, practically, hy
means of Taprug XT, and XII A channol 40 x 3

# For grontey hydanlic dopths tham Lid inehos, tho oxumt of
the Taprm, divide by 9, and find the corvesponding voloeity,
This multiplied by 3 will be the velocity soughl.

i
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has the samo conveying power us one 70 x 2, Taun
XT., which latter, Tanra XIT, dischurgos with u [ull
of 18 ineches in tho mile, 17,167 foet; or ahoul une
per cent, loss than that proviously found.

Lixanegs 16,—1he diameter of @ very long prpe s
1% dnch, and the rate of inclination, or whle lenyth
of the pipe divided by the whole full, is b in TL§;

what is the discharge in culic foel per minute 7 "Tho
| N
hydranlic mean depth, or mean rading 18 -0 = 470

] 3 i L ' ' )
inches = & inch, Congerjuently wo find front aney

VIII. the vclocity in inches per second equnl {o

26090 — 1492 ¥ [l({)i == 2500 = 21 = 280, Th

- discharge in eubie feet per minute for o 1§-ineh pipe
18 now found most veadily by means of A 1N,
as follows s

Inehon, Cubin foed,
For a volocily of 20°0 the digehmgs in 1:R37
1)} i) ‘J“O 1] 7] 'H*iﬁ
T T 't ) M ‘U
1 1) '!J"I'-H ¥ 19 l'ﬁ.!'«u! [

Whenee the discharge in cuble feel per minule i
1-521.

For short pipes, of 100 or 200 fool in Tength, nind
under, tho height due to the velocity and orvifien of
entry must bo deducted from bhe wholo hoight, to fiud
the proper hydraulic inclinution, and also the hoight
due to hends, eurves, cocks, slidos, nnd erogulion,
Lhe negleet of these corrections hins Ted somo writers
into mistakos in applying cortain Cormuh, wd in (est-
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ing them by exporimental vegults ohtained with short
pipes,  Wo shall now apply the Tannes Lo the detor-
mination of the discharge from short pipes, wd
compare the vesnlls with exporiment, veloveing goners
ally to cquation (168) and the romawks preceding if
for o correct mdl divect solution,

BxaMrrn L6 —What is the discharge in cubic feob
per e from a pipe 100 fool long, with o fidl or
head of 38 inches lo the lower oued, when the dimeter
0 13 ineh? Iind also the discharge frome pipes 80
Jeot, 60 feet, 40 feet, and 20 feet, of the same diueter
and having the same head, 10 the water be aduitted
by a stop-cock ab the upper emd, the coellicient
due to the ovifice of entry will probubly he wbout 75
or less, ‘815 being that for a clewr enfey to o shor
cylindrical tube, Tho approximate inelinadion is
@aﬁ-—lg = 11 34=3; bub ayg v portion of the fall
must bo absorbed by thoe volocily antd orifteo of endyy,
wo may agsiumo for tho present that the elination
18 1 356, With this inelination and the moean rading
1% 3,
1~ = g nches, wo fmad the mean veloeity from Rapre

*

VILL o bo 3806 inches, "Now whon the couefliciont
due to the orifice of entry and voloeity is 78, wo
find from Tapre II the lead duo Lo this velocily to
- be 33 inches nearly, whenco 35 ~ 83 = 344 = 31625
inches 18 the height duo fo frietion, and 100>< 12
S 02D
equals 1 i 37-9, the elination, very nearly. ‘With
this new inclination we find, as Lofore, from "TAnry
V1L the mean velocity of discharge to be now 36435
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inches 3 “and by ropeating tho operndion we shull find
the velocity to any dogreo of wecwrmey iu werord.
ance with the talle, and the shorler the pipe s, e
oftencr must it be reponted,  "The Teight due fo 3641
inches taken from Panne LI, ag helore, with o cooefii.
cient of *750, is 8% = 8:125 inches.  The corveeled
fall due to the friction is now 35 = 3126 == 31870,

| o

andl ?%28(’)7% equal 1 in 37-0, the corveeled ineling.
tion.  With this inclination we lind the vorrected
velocity to be now 36-63 inches per secomd,  TE i
not necessary to repoab the operabion agam, - "Phe
discharge determined from Tanre IX. is as Tollows oo

Inches, (ithte Towt,
[or o velacity aof 800 W diselupye iw L
3 1 0+00 )y ’) il
33 3 i) " " ‘il ]
» ) 'thi ¥ " LY
) 1 HNTH T, " AR RL!

Thoe exporimental disehargo found by My, Provis was
2204 cubic fect per minnte in one experivwnt, wul
2'28b in another.  The discharge from the shorter
pipes may be found in o similae manner, and wo
place the results alongside the experimentul ones
given 1w the work referred Lo below® in the followine
short table ;—

% eanseetions ol the Institution of (_}Efil I rinieors,” v, i,
e 208, ¢ lixporimonts on tha Flow of Watey throngh )
l‘ipnﬁ._’f_ By WoA Provise Tha smndl "Mublos in Sisrepsn V',
aid VIIL of this edition give nt oner the woelliehat fo e sl

tiplied by /0y w, or 8¢/ 1, to find the volosity when the vitio of
the diemetor to the length of the e i kbown, They will e
found of groat rtvaningo i edendnbings diveetly x‘:iIu:-ilr Mran
short pipes,  Iov long pipes, soo tho Pan 11}-I.. 12 wud *l:l‘.
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=
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(R EERIE I 1 I I
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a5l pars yrone] wr | omea | oswn |oannn | e
ahl 2600 (40500 By 181y | sow [ (018 ] 2601

S5 BT [A0-BAB] B B0 [ b0 | AR02 ] 2048

agl aesod (sraasl e Loavy | owrs | sss0 | @800
[ .

85| 498 |7HBOL] 123 | RRE | 07T | YBOL] 4831

P g ol M in

Tho veloeities in tho fourth column huve heen cal.
culated by the writer from the observed quantiiic
diseharged, from which the height duo to the ovilice
of entry and veloeity in colnmn § is determined, and
thenee the quantitics i the ofher columng s wbove
shown, 'The differcnecs between the exporimental
and calenlated rosulty are nob large, nud had we used
a logsor cocfliciont than <760 (or calewdating the ve-
duction of head duo to the velovity, stop-covk, and
orifice of culry, suy -T14, the calendabed resulis, aud
thoso in all of My, Proviv's experimoents in the work
reforred to, would be nearly identical.®

IxAMPrLE LT dt ds proposed Lo supply c rveserooly
near the town of Droghecdie awith wader by w oy pipe,
having an enclination of 1 dn 480, the dally sy o
be 80,000 cudic fect ; what must the diconcter of

¥ Ina lnto work, « Rosearches in Tlydrmlies,” the aunthor is
lod into a sorios of aistakes as to tho nevurmey of Du Bait's wd
saveral other formulm, from negloeting fo tuko into considoration
the hoad duo to the volosity and oritice of oulry whon testing
thom by tho oxperimonts abovoe refovred (o,
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the ga@g_:is Ze? The dischurgo per minube st Do
80,090 — [0#* cuble foel, nu:w]y. Assitmie wopo
1440 '

whose “monn radius” iy
inclies, tuyl the velocity per Hvt*mul found from Tawe

VIIL will bo 14-41 inches. Wo then have Pronn
TasLe 1X,,

ineh, ar diteter

Tnehos. {hibin feot,
Tor n volovity of 10000 n diselirgge of L
’ 33 4+0t) - . %10
» 'y 0 T ' X WE
. " "1}, . " (i}
' " 1l ' ' NN

The digscharge from o pipe 4 inches i dinmeter wonld
be therefore 6:287 cubice feel per minube,  We then
have

4% dh o 6287 60,00 TS 08 B0 | ‘L?.Hﬁ;
therofore d¥ = 286, and o == 961 inches, neavly,
may be found from Nanty XILL, & This is near Iy
the required diamoter,  TE is to ho observed thal the
diameters thus found will not always ngreo oxnetly
with those found from Du DBudil’s or othor formala,
nor with cach other, because the diseharges are not
strictly as 25 but in practico the difference is fmms-
terial, and tho approximative vidue thus found ean
bo casily correeled. II wo assmmed o pipe whoso
diameter i 1, the operation would have heen nore
simple ; for the veloeity would thon be, Tanne VI,
at the given inelination, 64 inches; wid the disel; 1rpe
176 cubie feet, Tanny IN, 1lenco wo vole ofd o

* Hydvandie "Pablos, Wonle, TREL, prive . oneo i dise e
for o pipo bebweon O wnd L0 inelios dimnetor, nlw tho 1 ADLE, D, 44,
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lﬁ% = 120, and, thorefore, Tannn l.'X'.I’IT., f? = 10
inches nowrly, whieh Qilters whout haltsan-tueh feom
the former value, 96 inehes, found by ussining o
pipe of 4 inches to calenlate from, Tt I8 neeessary
to understand thab differeut results muost be expeeted,
in working from  practieal fornudwy, {ov dillorons
operations.  'When oneo an upproximabive vahio is
obtained, ik can be casily corrected to any required
degrec of aceuraey.

Aguin the velocity 1n inchos per second, from o eylin.
drical pipe 6 inches n diamotor, is nearty equal to the
discharge in cubic fecb per mimo; and ns (3 = 889,
wo have 882 : ¥ : ; the velocity in inches per
scecond from »n G-inch pipe ¢ tho discharge por minute
from a pipe whose dinmeter 19 . Henee this pro-
portion would cnable us {o find, very newrly, tho
discharge from the diameter nnd il ; ov the dinmeter
from the discharge and fall by Quding the velovity
only,dus to o G-inch pipe. Sco Lanny pp, 42 il 43,

Examern 18~The arca of e chenned is HO squere
Jeet, and the bovder 200G feet ; the surface hew an i
clination of & inches ™« wmdle ;) whad i the mean
o e Hi) .
velocily of discharge ? woofp = 4427 ool = 29124
)
inches 1s the hydrvaulic mean depth; wnd we get
_ 130 % B7¢ ]
from Table VIIL 1203 - ?f} = 12008
19 = 11-84 inches por second for the required velo-
city., Though this vdlocity will Tie fomd under the
true value for straight clear chanmels, it will yeb bo
moro correet for ordinary river courses, with bends
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and turns, of tho dimensiong given, thw the veloeity
found from cquation (114), Tor n sbraight elear
channel of these dimensions, Watt found the mean
velocity to be. 186 to 14 inches; thal iy {o sy,
17 at top, 10 al bottom, and 14 in tho middle,  Our
formula » = 140 (» )5 —~ 11 (» $ given » o= 1143
feet, or nearly o mean of these two,

BxAMPLE 19—d pipe b dnches in diconeter, 11,6387
Jeet in length, has a fall of Ad fict ; what s the dis-
charge in cubie fect per mdnule? Thoe inelination is
1%232 == 8327, and mean vadiuy ﬁ = 11 Wo then
find from Tanrx VILL tho veloeity equal to 81
4"112:5_54'8 = 10°81 - 16 == 1907, or 20 inchey per
second very nearly ; and by TaAnns TN, the disehnrge
in cenbie feet per minute is, ag. helore fonmd to e,
13:636.  Tho Tansry, p. 42, gives, by inspection, 136
fect.

Lixampry 20.—What @ the velocity of disehearge
Jrom a pipe or culvert 4 feel in dicmeter, having
Jall of 1 foot to a mile? Horo s = Lﬁ':!;'H(i’ il o
Lfoot. We then find the veloeity of diseharge from
Lasru VIIT to be 14:00 inches, equal to L 174 fool por
sceond, By caleulabing from the different formulay
referred to below, we ghall {ind the veloeitios, whon
rs = 0001894, and +/5s = 01376, ns follows.

'1"1-‘111.'{11_‘:.*
i fiver,

Reduction of Du Buads formmln . . . . equntion (BE) 17 d

b Givaril's do. (Cronnds with aquatie
i plintsand vory slow veloeition) —,,  (R8)  Hut
»o,o Prony's do, (Conds) . ., no (BH) N0

N



i MU DTRCITATGE OF WATHR FIROM
Vilaoity

' in fiwgt,

Roduation of Trouy's formule (Pipos) «  equation ({0) 1947
Prany’s do (Piper and Canalsy s, (83) 10494

n

g lEytelwein’s do (Rivers) o . wo (IW) 1200
. Pytelwoin's do, (Tvors) wo (V) 1A
) Bytelwebi's do, {itipes) . L o (U8) 180
. Wytolwoin's doo (Pipes) o 0 nor (1) 14400
» D, Vanwer's da, 0, 0 0, po LURY 1190
" *D'Anbudswon's do, (Lipos) a (1) 120
y D' Aubuduson’y do, {Rivers) o o CLLLY 1209
" Phe writor's do. (Clowr straigeht

Clhnmaelswilh sl voloosittes) n o (111) 1208
" Waishuel's do, {Pipedd . 0 n (111) 1985

'’ The author's, for Dipes and Bivers 1205

Wo have coleulabod (hig oxample from the sevoral
formulae abovo reforred to, whethoer for pipus or rivers ,
in order that tho results may he more readily com.
pared,  The formuln {rom which the veloeities and
tables for the discharges of vivers are usually cal-
culated 18, for moasures in feel, » == Y417 /57,
‘Thig gives the moean veloeity, for the (oregoing ex.
ample, cqual to 1295 feet per socond.  This is tho
same as is found from my gonoral formula for oll
velocitios; bub the purtieular oxpression, » == 9017
v o s, 38 only suiled for veloeitios of abonl 16 inches
por sccond; the results found from it lor losser
volocities are too much, and for higher velocitios teo
little, if bonds and curves bo allowed f{or separately.
For ordinory practical purposes the result of Du
Buit’s genoral formula, equation (81), muy he guloly
adopled ; and wo have, accordingly, preforred rotain-
ing tho rosults in ‘Cavrn VIIL. calenlated (or our fived
edition from 1t, notwithstanding the grealer necuracy
and simplicity of our own general cquadion (119 A)

* Thoso two formule of D'Aubuissor’s are, simply, adopliony of Tiytel-
wein's and Prony’s.
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for tho velocity in pipes and rivors, viz., ¢ e 140 (rs)}
— 11 (7 ) f,

Dr. Young’s formula gives losser rosults fov yivers
and large pipes than Du Bufw's, but they wre tuo
small unlgsg when the curves sl bends nre numerous
and sudden, Girard’s formula (86) iy only suited [or
small velocitios in canals containing aquatic planls,
and it is ontirely inapplicable to vivers or regulur
channcls for conveyance of water. A knowledge of
various formulew, and their comparutive results, ap-
plied to any particular case, will be found ol grent
yvaluo {o the hydranlic engincer, and the differences
in the results show only an amount of crror thut may
be expected in all practical operationg, and which he-
comes of less importance when wo considor thul by
increasing the dimensgions of o channol overy way,
by only onc-third, we shall moro than double ity dig-
charging power, Sec Tanrw XILI,

Lixanrrr 21— Waler flowing down a river vives o
a herght of 10% inches on o weir G2 frot long ; towhat
height will the same quantity of waler vise, on & wekr

|
similarly ctrcumstanced, 120 feet long ? 1%%::’617,
nearly, In Tasuz X. we find, by inspeetion, opposito
to 617, the ratio of the lengths, the cooflicient G4,
rejocting the fourth place of decimals; whonee 10}
X *644:=6-76 inches, the height roquired.  When the
height is given in inches it is not nocessary (o tuke oul
the cocllicient to furthor than two places of decimnla,

LExanerr 22,—1he Lead on a weir 290 foet long i

6 inches ; what will the head be on « weir 60 fiet long,

similarly cirewmsianced, the same quantity of' water
» 8
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Jlowing over cach ? U-U::'L’?] As Lhig lies bebween

A7 and 28, wo find from Tawrs X, tho coellicient

| 0 . :
42085 honeo |y e a2 imehes, tho head regquired,
N S i

Tanry X, will be found equally u.pl:fiun.l.:lu in
finding the head above the pass indo wedr basing, qud
above conbraeted water chunnels,  See BEerIoN XN,

Lxamrrs 28— vdver cheamel 40 fool widle and
4B joet deep s o be altered and widdened (o 70 feet
what must the depth of' the new cluennel be so thead the
surface tnelination and discharge shodl vemecin wne
allered? In “Taprnm XL, 0F RQUALLY DISOHARGING
REOTANGULAR CiIANNELS,” wo find opposite to 4:04,
i tho column of 40 feet widths, 8 in the eolumn of
70 foet widths, which is the depth required in fect,

BxAMPLE 2d,—Jf 48 mecesscry (o wnwaler @ river
shanmel T0 feet wide and L fool deep, by o veetungubar
stcde eud 10 feel awidde ¢ whedd st the depth of the side
et bey the swrfuce inclinedion ranaining the same os
e the old clannel 7 In Tavra X1 wo (indd A+0 {ook
for the requirod depth,  'When the width of w chaunel
remaing congtant, thoe digschargo varics as/rs X d,
in which « is tho depth; and when tho width is vury
largo compared with tho depth, the hydraulic mean
depth # approximates very closely to the dephh o, und
therelore o =»; consequently the discharge then.
varics as fﬂ‘xa“?a', and when the diseharge is given %
must vary inversely as s'; or more g-:\]‘l{al'ullyf?w* musk
vary invorsely, ug .s.*, whon tho width and disehanrgo
remain constont,

In narrow cuts for unwatering, it is prudent to
malke the depth of the water hall the width of the
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cut very neatly, when local eireumslunees will ndmit
of these proportions; for thon a maxiuum efleed will
be obtained with tho least possiblo quanbity of exens
vation ; but for rivers and permunent channels tho
proper rglation of the depth to the width musl ho
regulated by the principles reforred to in Sroron 1IN,

Tasrr XI, is equally applicable, whether tho men-
sures be taken in foct, yards, or any other stundards
whatever.

Exanrre 26.—A new river channel is o lueve a fidl
of etghiteen inches in c wile, aned mast discherye 18,700
cubic feet per minude, what shadl the dimensions be?
In TasrLe XIL, in the column ol 18 mehes per milo,
we shall find opposite to 18,766, that o primary ehan-
nel 70 x 2:125 will be suflicient ; and opposite to 2-124
in Tasry XTI, wo shall find the equivalent vectangulie
channels 60237 H0% 2703 A0 3193 30 x4hid
80%396; 26 x4-0L; 20608 16 T29; wnd 10
1137, to scleet from, If the sides shall have any given

‘glopes, the digeharge will nob bo practienlly wlfveted
ag long ag the depth and arven of tho rectangulne
channel and the one with sloping bauks rewmgin the
same. See Srorion IX,

Bixasrry 26— pipe 100 feet long ane 1 ineh in
diceometer has a head of 150 feet over the lower end, wliad
will be the discharging velocity? llore » == 03083
in feet, and s == 10, therefore » s = 03125, Ileneo
by formulee (1194) v == 140 X (0312611 X ( U3 TAH)
= 140 X ‘1766 — 11 X 316 = 20-T2d ~ Bul0h ==
210269 fect por socond. If allowunce is required

Jor the orifice’ of entry, the velocity is correctud us
follows. A square orifice of cnbry has o coofliciont,
of +816. Who head due Lo this coclicient for u
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velooity of about 20§ fect, or 246 inches, is abou
10 foot, Taprn IL——The head due o fiction ig
. ‘ LO0

thorefore 150 — 10 = 140 feol, aud ¢ = Lo =14
& now hecomes 1+4 X 020833 = 02017, Honeo
v == 140 v/ 75~ 11 ¢ s now heeomes 140 % 171
— 11 % 808 nearly, cqynal to 23040 - 3385 = 20652
foot, the veloeity for a gquare junction.,

1ixaMpLe 27,—d sewer § feet v iumeler has a
full of 2 foet per miile, what will be the welocity and
discharge of water flowing through i when full 2

1

Herer= 2256 and ¢ = - 2( L therefloro v s = (N)()852J
(7 5) = 02919 and (7 §)} = '0‘)18, and hy" formula
(1194) wo have v = 140 (» §)' ~ 11 8 = 10
02919 — 11 x 0948 = 40866 — 10428 == § (438
~feel per second,  Ilence the dischurgo per minuto ig
0" T804 % 3:0438 X G0 = 6362 % 182-0 =11,017
cubie ool newrly,  Thoe velocity from o ¢ireulay pipo
or sewor is howover greatest when the cirenmioronco
ig open for about 78% degroes ab tho top, bub the
velocity of sewage mabtor would not ho equal to that
of water., It would vary according to (he dilntion
in the sower, and 50 per cont. should be allowed,
abt leagt, in deduction, unlegs the dilution Lo vory
congiderable,

Liie Tanre for the values of » ¢ and », caleulated
from the formula (119 A) Sro, VIIL, will give tho
velociby at onee when » ¢ is known, and » s when the
velocity is.known, from the latter of which n definito
value of # or s can be fixed upon, when the other
may be found, by an oporation of simplo division,

Lxanrrn 28,—Water is to be pumped through a
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pipe 3000 feet long and 2 feot in divaneter, with o
velocity not exceeding 4 feet per secomd, what head
must be allowed extra for friction in the pipe i
calculating horse power 7 Wo shall find from our
Tastu of the values of the velovily aidd produet of
the 11ydmul1(, moean dopth and hydrautic inelinabion,
given near the conclusion of Srorron VIIL, that fov
a velocity of 4 feet per second » v:="00142, Tho din-
meter of the pipe is 2 foot, therefore » = b, wheneo

§ = hOOéJB 00284, and a8 the Tength of the pipo is

3000 oot wo get 3000 x 00284 = 803 feet, the hewd
required. The Tasng, p, 43, would give 96 foet
nearly, which corresponds with Du Buit's formula,
If the velocity in the pipe was 10 (vol instend of
4: feel per sceond, thon, from our table, 2 s == 007676,

O()7F’?B ~ ,
and %—3 ol R --ﬁ’ < == 015163, wnd, thereloro,

o= ls = 8000 % 0LO162 = 46466 feot, or whout
six times a8 much a8 when the velocity was only
4. fect por gecond. Tho groat loss of hend wrising
~[rom pumping at high velocitics, Crom feiction alonw,
iy thevefore apparvent,  Were the veloeity double, or
8 foet per sccomd, the head woultd e 80 feet nearly,
or from the Lanne, p. 43, 316 leet,

For velocities of about 21 feet per sceond, » iy
equal to 100 v s, and for velociting of about 64 feat
por second, » =110 v/ »s,  1I"¢ bo Lhe longtl of o pipe,
wo would find in the former eage the head Z in foel duo

[ |
to friction from the formuly 7 = 10,000 4 = {s, and

N L
in the latter 4 — TEMIU'() — [

In questions of {liis kind, wwever, the dinmeter of



40 PR DISOITARGE OT WATNI PROM

o pipo, ¢ shonld bo uswd in preference to the

hydvanlic mewn depth, and ag o == 4o wo shall ind iy
b

tho fivsl caso /= 9500 {,_._! s o in Lhﬁ socond
[
3830, Aw‘”uﬁ '/....,..{h r

I wo wish to substituto tho fall por mile for the
hydraunlic imrliuution, tho fiab of these will again

211 o
become /b == T ls for tho losy pev wmitle; and
. ) Y :
in the SGCOHd C80, h = 1??1! - I e {op -“10 1[]98 oy
(

mile in feet. *
A the veloeily were so low as about L foob per
sccond, thon » = 90 v 7, ol we should find
Z o
"= g =
If for the ineclination we gubstitute the fall per
P |
mile, this will beeome 4 = 2(;:," "= s for tho loss
por mile in {eot,
The logs of hoad varies in the samoe pipe with o
velocity, and must be culeulated difforently, fov gmall
and for high veloeitios, whou uging the conumon for

mulo,  The Tasry near tho ond of Srorron VIIL will
always givo the correct valuo of #g, and thenee sm?:;"'

In addition to the loss of houd aviging (rom [fric.
tion, logses also oceur from straight ov curved hends,
from diaphragms, from junctions, and from the ori-
fices of onfry and dischargo; these must Lo dotor-
mined soparately for each cose, ag is shown hereafter,
and added together and o the logg ariging from [ric.
tion, and the sum to tho height the water is Lo bo
raised, bofore the full or total head for dotormining
the power of an engine can be aceuraloly known,
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The TAsLz on the next two ]Hl“{‘H will ho Tonil nf

greal practical utility in solving il cuestions eons
neeted with water-pipes and sewers dischavging fally-
diluted sewage. Tn using it we can interpoluto, hy
inspeetion, for intermediato dinmeters or inclinnlions,
For greator dinmeters, divide those given by 4, and
multiply tho 001'1‘é,31.>011t.11ng velocity fowmd in Cho
table by 2, and the corresponding dischorgo in the
table by 82. If the objeet be to find the sizo
of the channel, divide greater given velocilies by 2,
- and multiply the diameters or inclinations found lmm
the table by 4.; also divide greater discharges hy 32,
and multiply the diameters found from the table hy
4. The small asuxiliary table, p. 43, cinbodicd in the
. Iarger one, is of greab wse in making allowaneo fop
the velocity and orilice of enbry in short pipes, hefore
" finding the head due to friction, The tuble also gives
the dilferent diamoters and inclinubions which, tukon
togothor, give the samoe velocity or discharge s widd it
~enables ug, from.ingpection, to soloet thab velation of
~ diameter to declivity which is best suited for ofher
engineering agpeets of the question.  Taken in con-
nexion with Tanres VIIL, XI., XIL, and XIII,, thiy
table completes tho means of finding, by inspection,
the dimensions, inclinations, velocities, and digeharpes
of every clags of water-channel or gowage-conduit,
required in enginecring practico,

Tasre XTIV, gives the comparative values of Jng.
lish and French measures ; and "Fanrs XV, gives the
weight, specilie gravity, and ultimate strongth wid
elasticity of various matoerinls with whieh tho engineer
has to operate. ’
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ARLE for finding, very nearly, the velocity and diaahurgerfrﬂm Oylindrical Waler Pipes or Sewers,when the
dlameter and fall are given.  Any two oF the four quantities, the veloctly, diseharge, diameter, or fnciination
being given, the nﬂwrs can bﬂ Jound in THE TABLE 3"1 omnm fnspec:ﬂﬂu

ﬁ-g'glg ;L,E'a% The VELOCITY 1N INORES FER Bsﬂu:m is riven in the firsk horizontsl line Jor gaekh inclination
'EE b & .g.; g g or fall  and the Dizonarce 1 Cusic FukT PER MiNure in tho next following one.
the QE Eﬁﬂg J in. in n 4 in m 1 . I- n Iy 0 ]
E’ag © Eﬁﬂg ﬁ-E' dllniegg: Lli]a‘fnet'er ﬂilnfirfefer dilntlzel:er {ligsiltet'er? ﬂiga:inllﬂter daﬁﬂt‘er {ligﬁ.?l;iﬂiﬂr digaﬂmufer dii?nlﬁl:]rim
o ne in
1 5280 38 74 80 235 80 04 o8 108| 107 111
280 40 He vl 98} 124 | 155+ | 189 . 298 1 271
2 20340 10°1] 109 11v%y 125 1392 139 145 151 1577 1063
40 58 82 110 144 | 183 228 1978 | 336 | 400
d 1760 | 18 17 17 19 20 20
50 ‘73 103 138 180 229 235 349 | 421 {600
4 -| 1320 15 22 23 24
68 p SB 120 163 212 269 335 410 494 | 688
3 1066 17 26 27
- 68 97 136 184 Er‘lﬂ 305 380 464 560 | 685
i ago | 19 a0 30
73 108 151 203 285 337 42[1 514 62,0 737
7 764 20 30
80 118 165 222 289 368 458 560 676 &04
8 860 30 a1
86 127 1'7'7 239 312 39‘? 493 604 '?28 BBB
0 | 587 | 20) 30
"’ " 92 135 192 255 333 424 527 645 ?7’8 925
B
9’? 144 201 271 304 450 560 685 823 982
11 480 | 26 34 38 39 49
103 152 213 286* 373 4‘?5 53 | 723 871 103'8
12 4.4} 27 82 39 41 43
| 108 159 223 300 392 498 620 | 769 | 916 1089
182 | 400 20 34 49 43 45
114 188 234 31'7 414 | 523 655 801 066 1149
151 860 36 49
- 1% 131 254 342 443 EBB '?0‘7 3&5 1043 1240
178 300 a7 4% 53
134 198 2‘?8 374 487 620 7‘79 944 1139 1354
21'1 250 47 69
149 219 308 415 041 BBB 857 1048 1264 1504
2G4 200 43 65 07
._ 169 249 350 4‘?2 .316 ‘?’83 97’5 1182 1438 I?'IG'
3652 160 | 61 8f a7 73 70 79 52
- 200 294 414 558 728 925 1152 1409 1700 2021
628 | 100 70 | 76 85 03 101 {105
254 374 020 708 923 1174 1462 1'788 2187 12565
5ts e a0 80 0o 05 0% W
270 393 559 7*53 082 1260 (16568 |¢P8 - rr e
86 80 86 08 | 101 | 106 |£55|,388| g3 ggggg
290 197 | 600 303 1054 (1340 11669 1§55|R5%) 53 [regas
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SECTION II.

FORMULZ FOR THE VELOQITY, AND DISCHARGE, TR(
ORIFTCES, WEIRS, AND NOTOHLS, — COEFFICIENTS

VELOOITY, CONTRAQTION, AND DISCHARGE.—PRACTI(,
REMARES ON THE USE OF THE FORMULE.,

The quantity of water discharged in a given tim
through an aperture of a given area in the side ¢
bottom of a vessel, is modified by different circun
stances, and varies more or less with the form, pos
tion, and depth of the orifice; but the discharge ma;
be easily found, when we have determined the velocit;
and the contraction of the fluid vein. |

VELOGITY.

If g be the velocity acqmred by a heavy Dlody
falling from a state of rest for one second, & wacuo,
then it has been shown by writers on mechanics, that

the velocity » per second acquired by falling from n
height 7, will be

(1) v =+ 2gh

The numerical value Gf ¢ varies with the latitude ; wo
shall assume 2 g = 772'84 inches = 64-403 foet,
These will give for measures in inches,

-

By, ' : - — EJI 1
v = 278 /A% and fLJ T ::'0|Q1293Iv y

and for measures in feet,

* The velocities for different heights are gweu in the column
number 1, TABI..D 1T, -
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v = 8025 v A and & = gy = 01663 o
If » be in foet, and 4 in inches, then
e ﬂ
v = 2_*.?17 vV hyand b = 5;;67 — 18064 v *

QOLRFFICIBNT OF VRLOOITY,

Tiob the vessel A B o v, Tig. 1, bo filled with wator
to the level = w1 then it hag hoen found, by experi-

:-:f Z , ;
. ig'* 1 F ; Fip |
KN - - . l-i
E m F é’ :'r; ]1}.' I ]'\ ..-
A ANTTTTTVTHAE
"‘-l- - ks
Ef il / “ :
:,r iy o
"f"; : : -:;
: 17
g Z s {
g = ; ;
B % % 5
/ K\\\\ ) / ’ * g
f. Fl 1 ".-:. .:::I )"r/’/ i .-':
’ lbt\\\w LA ”,ff 4 ;'["J 7 &
R D e /
¢ ﬂ | e N
AR ) . iy e ] ::_
: S Ny 5_3"_17“,3‘__."!'_"'4_53'::':;1- r .s'}-ﬁﬂ_ '
. R A N I A e A

------------- ! - [ ety " .-: "r':l - o Y e e o d wips

ment, that the velocity of discharge through o small:
orifice 0, in a thin plale, at thoe distance of half tho
diameter outside 16, in tho vena-contracte, will bo vory
nearly that due to a heavy hody [alling [recly from
the height 4, of thoe surface of the water 1 ¥, above
the centro of the orifico, “The velocily of dischargo

# o foree of gravity inerenses with tho Iatitude, and deeronsos
with tho altitude abovo tho lovol of tho sen, bul not to any con.
giderable extont, I A Do tho lntitude, and & the altitudo, in foot,

above tho mean son lovel, then wo may, gonerally, take

| {
g = 8217 (1 — 0029 o8 RA) X (1 — ih)’

~ in which g, the tadius of tho earth at tho givon latitude is equal

to |
Q08870600 (1 -+ *00L0 cos 2N),
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determined by the equation v = 9 g hy for [alli
bodies, is, therefore, called the theoreticad -uf.ffum'@
If we now put v, for the actual mean velocity of di
charge in the vena-contractu, and e, for its rubio
the theoretical velocity », wo shall geb », =, v W
by substituting for o, its value v/2 g 4,
(2.)  p=en /Y gh, |
e, is termed “#he cogfficient of velocity ;° 1t8 numeric:
value, at about half the diameter from the orilice,
about ‘974 ; and, consequently,

v, = 974 v/ ﬂ?ﬁ
Thig for measures in inches becomes

o = 21077 A/ ,»
and for mensures in foet

vy = 1816 /4,

The orifice o, is termed an Aorizonial orifice in 1ig

1, and in Fig 2 a verdical or laleral oridee,  Whae

# Tho velocitios for difforent heights eatoulutod from” thi
formulg, aro given in tho column numbored &, "Wanrw 11, 10
heen lattorly assorted in o Biwe ook that theorvoteally v, =
99k Tt i not noeossuey hwro to combnk this ovror, whiet
confounds the discharge with its veloeity, and n singlo praotien
fact, applicablo only to a thin plate, with n' theovoetienl prineiplo
The experimental dischargo approximatoy to § +/ % g & multiplied
by the arca of tho ovifice; bub .tho theorotienl velocity /4y A
abways approximates to tho exporimental velocity, ov *074 /¥y h,
obtained immedintely outside tho orifice in the veneemttraota,  [i
would be unneeossury to alludo to this theory hors if il woro net
supported and put forward by three ominont. engineors whoso
suthority mey mislead othors, «Vide po 4. DBriof ohsorvalions of
Messrs, Didder, Hawhksloy, and Bazalgetta on the mngwors of tho
Government Referces on tho Mpernoporiray MaIN DIRAINAGE, OFs
 dered by the House of Cormmons Lo bo printed-L8th July, 1858,
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gmall, cach 19 fowul to have praclieally tho samoe
volocity ol discharge, when the contres of the eon-
Lracted seetiony are ab the samo depth, A, helow Che
gurfneo ; but whon interad ovifieos aeo Torgs, or rathoe
deep, the velosiby af the contre i nof, oven prae-
tieally, the wmom veloeily 5 nnd in thiek plabes wud
madified (orws of adjulage, the moeun velocitios aro
found to vary.

VHANA-GUNTRACTA AND GONTRACLTON,

It hag Deen found that the dinmeter of @ columu
issuing from o eiveulr ovifteo in o thin plate, iy con.
fracted to overy nenrly eighl-tonths of the  wholes
dinmoter ub the distonee of the vadius From i€, and
that ol this distanco the conbraction is prontest,  The
ratio of the dinmeler ol the ovificn to that of the
conbragted voein, veniscontraeta, v nol aways  fowd
constant hy the sume or dilferont oxperimentalists,

J L ad, thorofore, that of the) .,
W ) 1+ *HA, { ¢ o 1)
Nowion mnken it | [, S 1 7

o Lt «  [TIhG
ol " L R " o ]LLLHHQ
Howvtdn N T rHOY o N T4 B4
Michelloia , 1: H " " 1: 4l

. H . KT
omst " [ : {*H]H " . :l'{ﬂﬂnl
D Buat,  ,, |+ <HIN . " 1. 007
Vouturi ' L1 U8 - N " 1 0y
nytohwoein | w ¥ " Lo
Buyor " v 78A g y Loy

Bayer's vilus for the eonbenetion g hoen dotor-
mined o Lhe hypothesis, that the velocibiog of  tha
pacticles of water uy ey approuch the oritico from
oll sides, area-invorsely as Lhe squaces ol their
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distances from itg contrd; and ho ealenlntions my
of the discharge from cirenlar, squire, uuf'l reaing
gular orifices, on thig hypothesis, cotneido proti
closely with experimonls.

FORM OF M1 CONTRAOIEDR VEIN,

Lot o 8 = ¢, Fig. 8, be the diwmuter of an ovifiee
4 o 1o
then af the distance » s =+ the contraction is Conng
to be greatest ; we shall agsmme the conlracted (i
ameter o0 » = T804 . LI we supposo the fluig
column between o & and o2 to bo g0 reduced, thad
the curve lineg =2 and o 0 shall become nres ol eiveley
=== then i6 s onsy (o show
1 from the proportiey of
the eivele, that, the r.
cius 02 must ho equal
to 122 ¢, "The mopn
volooity in the orific,
0%y I8 o Ll i the
Ly el the mouthe pices,
R700, Fig.4, inwhich op = § or, und 0» = 7854 X
0 &, will give for the volocity of disehorge wb oy the
vena-contracta, |

I'j

F
L]

i = I feed very newrdy, T
speaking ol tho velos
16y of disehurge from
oriftecs in thin plates,
| - Li o wo ahways nssume it
e e — I T TR Y veloeily in
the vena-contracta, and not that in the orifie itsoll]

LW

X

et AT
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which vavios with the cocfliciont of dischurge, nulesy
in Tanry 11, whore (he mean voloeity in tho laltet,
ag roprosenting oy o/ 2 g 4, i also givon,

QORFRIOIRNTR OF CONTRAUTION AND DISUITANGYH,

IE wo pub 4 for the aves of tho orifice o », Ifig, 3,
and ¢, X A for that of tho contracted scetion ab o #,
then e, is callod the “eoefficient of contraction.” Tho
veloeity of digchargs » is cqual to ¢, v/9 ¢ 4, cqua-
tion (2),  If we multiply this by the area of tho
contracted section ¢, X A, wo shall got for tho dig-
chargo

e, X, X & N8y R

Tt s evident A &2 ¢ 4 would boe the dischargy if
thero were no contraction wd no chango of velocity
due to the height Ay e, X ¢, 18 thorelors equad Lo o
coellicient of diseharge, 10 wo endl Gha lnbter o, wo
shall have tho equation

(3.) ty i X G,

antl heneowo pereoive that the “eocglicient of disoherge”
e equal {o the procdduct of the cooflicients of' velooity
andd condraction,  In the foregoing expresgion for (ho
dischargo n, & must he 8o tuken, that the velosity al
that depth shall bo the mean volocity in tho orifico a.
In full prismatic tubes the cocfficients of' velocity and
discharge wre equal to cach other,

O The oxpression e, a, &/ 8 g hoseg /0y b is the eooflidiend
of tho weer A, mtd, conseaprontly, ropesonts tho moesn voloeity in
tho ovilico 5 the cooffiviont of which i, thereloee, cgunl to e,
The valuos of tho veloeity oo/ 2 ¢ &y fov dilficont hoighity ol
cooflicionts, wro giveu i Uanes 1L .

4
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CMBAN AND OENTRAT VELGOUEY,

Tn order to find the mean veloeity ol diselur
from an orifice, it is, in tho first instaner, neeessy
to determine tho veloeity due to each poinl in
surface, and the discharge itsell; after which,
mean velocity Is fownd by simply dividing the ar
of the orifice into the dischurge, The veloeity «
to the height of water at the cenbre of n eireulu
square, or rectangular orifice, is not strictly (]
mean velocity, nor ig tho labter in Lhese, or oth
figures, that at the centre of gravity, Whaen, hoy
ever, an orifice is small in proportion to ity dopth |
the water, the velocity of ofilux determined for il
centre approaches very closely o the mean veloeily
and, indeed, at depths oxcooding (ovr thmes the dept
of the orifice, the crror in agswining the mean veloeit
to be that at the contre of the ovifice 18 so small ng |
be of little or no practical consequenco, wnd fo
lesser depths 16 nevor oxeeeds 6 per cont, 11 is, Thewe
fore, for greater simplicity, the preaetice (o determin
the velocily from the depth A of the eenire of th
orifice, unless in woirs or nolehes ; and tha ool
cients of discharge and veloeity in tho following
pages have been caleulated from oxperimenis on Ui
agsumption, unless it shall bo otherwise staled.

i

DISOHARGES TTROUGII ORTRIONS OF DIFFERLNY FORMA I
: o THIN DLATES.
The orifices whieh wo have (o deal with in practice
are square, rectangular, or oireulur; mud somoelimes,
perhapa, triangular ox quadrangulur in form, 16 will
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ho nocessary to give lhero only the theorotical ox-
pressions for the dischargo and veloeily for each kind
of form, but ag the demonstrations are nusuibted to
our present ]u'tl'jm}ﬂnﬁ we shall omit thom,

TRAPBZAQIDAL ORIFIOES WILID WO HORTZONTAL SIDIA.

Put o for the vorticel dopth of an ovifieo, 2, for the
altitudo ol pressure al top, above tho uppoer side, and
L, Tor the oltitudo ab bottom, above tho lowoer side,
wo then pot

fo,— It = el
Lot ug algo represent the top or apper side of tho
ovifico A or 0, Wig. 5, by /, and tho lower or hotlom

8 (P

i ’ L ALl
2

side by 4, und puib .

', 0
T T R

Now, whoen 7, =1/, the Crapezoid hecomoes o paral
lologram whose lenglh is /2 and depth d ¢ and puthing
o for the deptht to the centre of pgravily, wo gol tho
eruabion |

N 14
!f-t *"i*' T ;EI, ey 3 P
P/

‘)
il
The goneral expression for the discharee, », throngh

v brapozoidal orifiee, A, is thou
| w8
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. i} i
/r -
(4.) D—-cd\/ZQX {Zbkﬂ."‘lk -+ - (Zt'"'“'z) ldﬂh --"}:

in which ¢, is the coafticient of dlsehm*ge ; and when
the smaller side is uppel most as at o

PARALLELOGRAMIC AND RECTANGULAR ORIFICES.

When [, = 4, =1, the orifice becomes & parallelo-
gram, or a rectangle, B, and we have for the discharge

2
(6.) D=6,V 29 X Ui = ht},

NOTCHES,

When the upper sides of the orifices A, B, and g,
rise fo the surface a3 at A, B, and o, %, becomes
nothing, and we get, as 4, = d, for the trapezoidal
notch A, with the larger side up,

—— %
(7.) D:cd\/ﬂgx “E‘d {Z,,-l—;(ft"o’h)}

2 &0
= Ecﬂ‘\/ng” (24,-+31);
for the trapezoidal noteh, o,, with the smaller side up,

8
) p=0v/Fg X 14N~ 2 (- 1))

-cds/chz (27, + 34),

the same in form but not in value, ag the pr ecedmg

equation ;. and f01 3] pamlleloglamm or rectangular
notch s,
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1) ) '

(9.) D=cy A 2 X g [d° = i WIARVADY'S

It ig cagy to perceive that the forms of cquations (4)
and (b), and also of egquations (7) and (8), are iden-
tical, ‘The values for the discharge in cqualions (6)
and (9) are equally applicable, whether the form of
the orifice be o parallelogram or o rectangle, the only
difference being in the value of the coeflicient of
discharge, ¢4, which becomes slightly modified for
each form of orifice,

TRIANQULAR ORIPIONS WITII ITORIZONTAL BABLIBS, AND
RECEILINEAL ORIFICED IN GENERAL,

When the length of the lowor side, 4, =0, the
orifico beecomes a ftriangle, o, JFig. 6, with the base
upwards, |

=t b
= frropey Ptrel res gyl Enl Fiedrpg e "-'Ill'l'

m v .-y

-

- ey

m—— =T T
= A ——

In this cage, equation (4) becomes
h 1}
w8 {2 R¥=hY 4]

(10.) D=c 0 2g % - Z‘*{'E X e 5 : --__/a%};
which gives tho disecharge thrdugh. the triangular
orillce, D. |

Whon /, = 0, in equation (6), the orifice pecomes o
triangle, v, with tho base downwards; in this case,
we find for the value of the digcharge, |
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. | "
(1) p=c v/ TG %> zh{k'ﬂ;,f—% v khdie..,}.

Ag any triangular orifice whatever can be divided
into two others by a line of division through one of
the angles parallel to the horizon; and as the dis-
charge from the triangular orifice D or F is the samo
as for any other on the same base and between the
same parallels, we can easily find, by such a divi-
sion, the discharge from any triangle not having one
side parallel to the horizon, and thence the dischargo
from any rectilineal figure whatever by dividing it
into friangles. ‘

If the triangle r be raised so that the base shall be
on the same level with the upper side of the trians
gular orifice »; if, also, the bases be equal, and also
the depths, we shell find, by adding equations (10)
and (11), and making the necessary changes indicated
by the diagram,

(12) D=c V29 X 1;:"% {ﬁ}%—l—k'%__ 2 X hy 4 dﬁ}
for the discharge from a parallelogram = with onc
diagonal horizontal. Now this is the same ag tho
discharge from any quadrilateral fignre whatever,
having the same horizontal diagonal, and also having
the upper and lower angles on the same parallels, or af
the same depths, as those of the parallelogram. I
the orifices b, 7, and E rise to the surface of the
waler, ag at p,, E, F,, we shall then have for the dig-
charge from the notch b,

18) ' p=ev/2gxiLdE
which for a right angled triangle becomes
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For the discharge from the noteh w, -

| s— 6 g b
(14..) D= Cq "\/2‘(} pid l.ﬁ Zi} (.'Z" :

and for tho discharge through tho notch n,

5. Dt/ 07 A 0 o ST OTEA I
(15.) D=tid/ 29 X o 11— 2P } = cn/ 29 X *9TB L,

When the parallelogram r, becomes a square £ = 2 d,
and hence,
(16.) D=8/ Tg X OTH2 X /T =cin/BgIx 34478 P
The foregoing equations will enable us to find an
cxpression for the discharge from any rectilineal
orifice whatever, as it can bo divided into triangles,
the discharge from eoch of which can be deiermined
ag alrcady shown in the remark {ollowing cquation
(1L) Thoe examples which wo hoave given will be
found to comprehond every form of rectilineal orifieo
which oceurs in practico; bub for the greator number
of orificos, sunk to any depth below the surfaco, the

# In tho Givil ngineor and Avehitoet's Jowrnnl, 1868, p. 870, it
ig statod that Drofossor Phompson, Belfest Collego, gave ab the
Britigh  Assoeintion in TLecedy for a right anglod triangle, lor
dischareges of from 2 to 10 cubie foet pov minute, the oxprossion

. rrin. 1 F L] 1 L L] 1
== 317 ¥, In wldeh q i the quuatity in eubie feet per minuto,
and u the hewd in inchos. Now tho above equation for a coefll-

i
clont of 017 bocomos, for inch meaguros, v = L7168 X f5 d 9==
B L .
016 d2; or by mulliplying by 00, and dividing by 1748, Lo

roduce tho digechargo to fool por minuto, wo got n == 317 :E'g',
identienlly the samo ws Profossor 'hompson derived from his
experiments.  All goetions of a trinngular noteh aro similar tri-
angles, and heneo thoe advanfage of a trimngular-nolch-gunge,
whero it ean bo used, ay, probably, tho eoofliciont romaing constant.
Professor ‘Lhompron, I beliove, fivst drow atlention to thia,
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| dlschm*ge will be round with sufficient neou l'ui'y ly
"multlpl ying tho oren hy tho velociby duo to tho

centre,
GIROUTLAR AND BNMICIROULAR OUTITOKE,

The discharge through circular amd somiciven]o
orifices in thin plates con only be represented Dy
means of infinite series, Lot us vepresent by s the

sum of the series

?Jfﬂfffﬁﬂﬁ -'Ff i r’ff-‘f ﬁ-"f':"r'i.-""" e .-r-.iLMu-pimduHmH&-

LONTFTLER LY L Rl B L
et ooyl e W SREEITEILL AR

( )11?“a 113‘{)(11 );"
Y I PR AV AR

iy
11887 ﬂ) 8 o6y
(“*71'ﬂ 8" 10" 12 ( i ) " M“]'
Let us also represent by s the sum of L]u_a MUTTOH

| "h
ﬁzﬁé[(z a)k (2 4 u) (n 6 ;e

+(2 4 i: 2 10) ('i i I . ]

“then the discharge from tho semicivelo «, 1*.1;.;;. 7, wilh
the diameter upwards and horizontul, is

17)  Dp=cV2gh X 814164° (s, -} &),

And the discharge from tho ﬂunu'u‘{,ln 1, with the
diameter downwards and horizontnl, iy

(18) * D=ey 8/ 2gh X 3 1ALG 7 (8w ),

If we put a for the avea, wo shall also have for the
discharge from a circlo 1,
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(10 ) O Do V2 X QA |
In cach of these threo equations (17), (18), and (1),
A 1g tho depth of (he cenbre of the circumlerence
Lielow the surfnee, and » tho radius,

When the orvifices riso to the surfuee, wo have for
the discharge from o semicirenlar noteh @, with tho

- diganetor hovizontal and ab the surfnee,

(20.) D=2¢y Y 7R3 R L Lt \/E_r/.’ X GLOT A
when tho eircunforones of  the semictrelo i8 af the
gurfoco, and Che dinmetoer hovizontal, as al 1,

(AL) D=ca V27X (v”i”H Myrtse  /Dgr X TR A

when tho ]un*mnntu-l dinmeter of the semicirele i
uppermost, and ab the depth 2 below the surfaee,
(92.) D=y 82 g r X TBO0T 1% ey v/ 00 X 11884 A ;
and when the eivenmiforoneo of the entire cirelo ig ol
the surlaes, as wb 1,
(23.) (P RVALTTVIYE R TN § RIS ¥ 7 % 00 A,

IT wo desive Lo redneo equations (20), (21), and
(22), to othars in which the dopth 4 of the eontro
of graviby from the swrfuee is contuined, wo linve only

/ . . | *
to suhstibule . AL Aoy e sgpnbion (30), and wao

shall got, for the disehargo from o semicivele with the
dinmoetor ab the surfuce,

(24.) D= By b X 0367 A

also, by substilubing ,” ,fﬁ i for » in equation (21),.we
eob, for the digehwrpe from o senicivelo when tho
cireumferonce 18 ab Che surfuco amd the dinmoter
liorizontal,

(26.) D=y £ Dy X NG A
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"and when the horizontal diameter is uppermost, and

)
at the depth r below the surface » = - 4‘,; 77 nd

(260  D=¢4/ 2gh X 99567 A,

As A stands for the area of the particular orifico
in each of the preceding expressions for the dig-
charge, it .must be taken of double the value, in
equation (23) for instance where 1t stands for tho
area of a circle, that it is in equations (20), (21), or
(23), where 1t represents only the area of a semicircle,

MEAN VELOCITY,

The mean velocity 18 easily found by dividing the
area into the discharge per second given in the pre-
ceding equations, Kor instance, the mean velocity
in the example represented in equation (9), is cqual

~c,+/2gd, which is had by dividing the aren /d

into the discharge; and in like manncr the mean
velocity in equation (23) is *9604 ¢, v/ 2 g 7 |

mmman REMARKS ON THR DISCHARGE FIOM CIRCULAR
ORIFICHS,

It bas been shown, equation (19), that, for the
dlschmge from & circle, we have
D=0,/ Dg% X 248,
in which /4 is the depth of the centre, A the ares,
and s; the sum of the Series

{ “( )(z s %igg)(%i—%)k — dic. }:
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and it has also heen shown, equation (23), that, when
the circumference touches the surface, this valuo
becomes

=ca A g7 X 9604 A,

Now when 4 ig very large compared with », 1t is casy
to percoive that 2 s, =1, and henco

(27.) D=¢u 4/ 2k X A %
As this is the formula commonly used for finding the
discharge, it is clear, if the cocfficient ¢, remain con-
stant, that the result obtained from it for » would be
too large. The differcnces, however, for depths
greator than three times the diameter, ov 6 #, are
practically of no importanco; for, by caleulating the
values of the discharge at dilferent depths, wo shall
{ind, when

L mp——— g h—

(h=r, that D=1¢, 0/ 2¢h % *960 A ;
km-——:-, y D=V 290 X D18 A;

foem—y y D=oga/ Qg h X 986 A

(28.) {73':"""} » D=6 \/257/& X 089 A

V1h=27 , D=ciy/ 2gh X 992 A,
h=38r, ,, D=0, 2% X 0964 ;
h=4dr, , D=c, v gl X 9088 4;
h=0r,, D=csN 2gh x 9987 A ;
h=8r ,, D=c, A 2gh X 9991 A

L

These results show very clearly that, for circular
orificeg, the common cxpression for the dischargo

o o oL, Bl Ml

ca VT g T % A is abundantly corrcct for all depths
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exceeding three times the diameter, and thatb lor
lesser depths the extreme error cannot excecd lour
per cent. in reduction of the gquantity found by Lhis
formula, We shall show, hereafter, when discussing
the value of ¢, that from the sinking of the surface,
and perhaps other causes, the discharge at lesser
depths is even larger than that exhibited by tho
eXression cq V4 2{7& % A, the value of the coeflicient
of discharge, ¢,, being found to increase as the depths
h decrease, In fact, the sides of the oriflice, the
rounding of the arrises, and the depth and position
with reference to the sides-of the vessel, and surluce
of the water, are of far greater practical importunso
than extreme accuracy in the mathematical formula,

PRACTICAL REMARES ON THE DISCHARGE FROM RECTANGULAR
ORIFIOKS,

It has been shown, equation (6), that the dischargo
from rectangular orifices, with two sides parallel to
the horizon or surface of the water, is expressed by
the equation !

Dt X /Ty xd{BE — it}

in which / is the horizontal length of the orifice, 4,
~ the depth of water on the lower, and 4, the depth on
the wpper, side. As it is desirable in practico io
change this form into a more simple one, in whicl
the height / of the centre and. depth & of the orifice

only shall be included, we then have 7, = 4 —|—-C§ and
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f, = h— %f By substituting thego values of 4, and

%, in the foregoing ‘equations, and developing -the
result into o scries, the terms of which, aftor -the
third, may be neglected, and putling o for the arvea
I d, wo shall find,

........ L 73
(29.) D=¢y V2 g h X A{L 9{ E: }vcry nearly.

We have therefore I’or the acceurate theoretical dis-
charge

(2% e’Z)E __.(!z,_%'rd)

v ewy, »
(30.) D=cCg A Qr/!sx —A- 7 ,

for the. approximato (11bb11£b1‘g;ﬁ

e VA A{l— )
zind for the dlscharge by the common formula

= V2 gh X A

When the hoead (/z) is large compared with (d) the
height of the orifice, cach of tho three last equations
oives tho same value for tho discharge; bub as the
common expression ¢ A72 ¢ 2o X A 18 the most simple ;
and as the greatest possible ervor in using it for lesser
depths does not ¢xcoed six per cent,, viz, when the
orifice riges to the surface and beeomes o notely, it ig
evidently that formula best suited for practical pur-
poses.  The lollowing table and equations will show
more clearly the differcnees in the results as obtained
from the true, the approxvimate, and the common for-
gnulee, applicd to “lesser ” heads ; and they will also
explain, to some extent, why ¢ cocllicients ” deter-
mined from the common formula, and that used by
Poncelet and Lesbros, should decrease as the orifice
approaches the surlacoe,



G2 THE DISCHARGE OF WATER FROM

@)
“1 B 3
h:—_.—g, D=0y v/ DGl X 9428 A, D=Cyn/2gh X 0583 A,
d o
k:%—-, o g X'9698A, , 0, XCOTII A
77’=§£'Z’ » » b X 9796 A, » » b X 9810 A,
1d ; o
k=" 9 »n  » X 98644, ,, ,, , X'0804:A,

heed ,, 5 4 X°98904, ,, ,, , X'DBUGA.

k=3—, o 9 g X'9883A. ,, 4, 5 X9004 AL
h=2dy.,, 5 X 9YTLA, ,, 4, 5 X9OTda,
=Yy o XO9BA L, X 0983 A
h=3d,, , , X0988& . , , X-99884.
za=7_f, D X999LA L L, XDOOLA,

h=4d, , ,, , X'99944a, ,, ,, ,, X'D0HLA,
h=10d, ,, ,, ,, X'99994A, ,, ,, ,, X'DOOUA,

In the foregoing Table the first column containg
the head at the centre of the orifice. exprossed in
parts of its height d; the second containg the valuos
of the discharges according to equation (30); and
- the third column contains the approximate values
determined from equation (29), the results in which
are something larger than those in column 2, derived
~ from the correct formula. The numerical coeflicienty
of 4,af every depth, are less in both than ome, tho
constant coeflicient according to the common formula,
The latter, therefore (as in circular orifices), gives re-
sults exceeding the truc ones, but the excess is in-
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approciable at greater depths than % = 3¢, and for
lesser depths than this the error cannot excced six
per cent, I may be useful to remark here, thaf
when the orifice rises to the surface and becomos
& nobeh, e “centre of mean velocity” s at fowr-winths
of the depth, and the centre of gravity at two-thirds
of the depih from the surfuce. The former fraction
19 the square of the latter. |

SLLCTION 11

EXPRRIMENTAL RESULLS AND FORMULZ~—CORFIICITNTS.
OF DISCHARGEH. |

We havo herctofore dwelt but very partially on the
numerieal values of the general cocfficient of digcharge
¢ It order to determine its value under different
cirenmstances more particularly, it will he now ne-
cessary to consider somo of fhe experiments which
havo Leen made from time to time. ‘Chese do not
always give the same results, even when condueted
under the same eireumstances and by the same par-
tics, and thore appears to exist o certain wmount of
crror, moro or less, inseparable from the subject.  The
experiments with orifices in thin plates afford the
most consigtont resalts ; but even heve the differences
are sometimes greater than might be expeeted.  In,
many of the carlier experiments the value of the cos
cllicient ¢; comes out too large, which arises, vory
probably, from the orifices cxporimented with not
being in thin plates, and partaking, more or ldss, of
the nature of short tubes or mouth-piceos with rounded
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arrizes, which,we shall see, give larger coelficients than
s:ample orifices. 'When an orifice ig in the bottom of
a, vessel, it would appear more correct to. measure the
head from the strface to the vena-contracta than from
the surface to the orifice itself; and as any error in
meastiring the head in any experiment must affect the
value of the coefficient derived from such experiment,
so ag to incerease it when the error is to make the head
less, and vice versd, it-appears that heads measured (o
an orifice in the bottom of a vessel, and not to tho
venc-contracta, must give larger coefficients from tho
experimental results than, perhaps, the frue omes.
" The coefficients in the following pages have been al-
| most all arranged and caleulated, by the writer, from
 the original experiments,

In 1739 Dr. Bryan Robinson made some experis-
. ments on the discharge through small circular ovi-
fices, from one-tenth to eight-tenths of an inech in
diameter, with heads of two and four feet*, which
+ give the following. coefficients. |
" COEFFICIENTS FROM DR. B, HOBINSON'S KXPEHIMENTS,

«Heads, ek | o dnch § qginch | oyg dnoh
- dlamoter, | diomatar. | diamoter. | dlamotor,

9 fogthead | 708 | (707 | 728

4 feet hend | 708 7T 49

- These results are pretty uniform, and the values
- from which they are derived are said to be “means
takeu Jfrom five or six experiments;” as values of ¢,
| they are; however, too high. The apparatus mado
use. af 15 not deseribed ; but it is probable, from tho

e

E I-Ielslmms Loctures, p 3{](} Dublm 1789,
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results, that the plate containing the hole or orifice
was of some thickness, and that the inner arris was
slightly. rounded. There is here, however, a very
- pereeptible increase in the cocfficients for the smaller
- orifiees, but none for the smaller depth.

In a paper in the Transactions of the Royal Irish
Academy, vol. ii, p. 81, read March 1st, 1788, Dr.
Mathew Young cletermines the value of the coefficient
for an orifice % inch in diameter, with a mean head of
14. inches, to be *623. The manner in which this
value is determined is very elegant, viz, by comparing
the observed with the theoretical time of the water,
in the vessel, sinking from 16 inches to 12 inches.

The following experiments by Michelotti, with
cireular orifices from 1 to about 8 inches diameter,
and with from 6 to 23 feet heads, give for the mean
value ¢,—="613 ; and for square orifices of from 1 to
9 square inches in area, at like depths, the mean
valuo of ¢,=+628. The experiments are given in
Ifrench feet and inches, according to which standard
we have, in feet, p=T"TT A /% ¢, ¢ being the. time
in seconds.*  As the time of discharge in these ex-

2 The valuo of o/ 2 ¢ &, oquation (1), for measurcs in Pleuch

feat, is 777 a/h, nnndl for mensures in French inchos, 26:05/ %, ¢
boing equal to 30+2 feot, or 3024 inches, I'rench measure. OIIE
TFrench foot is equel to 100578 linglish feet, and the inches
proserve the same proportion.  The resulting coeflicients musi be
the same, whatever standards wo make our caleulations from.
Many of the most valuable formulme and oxperiments in hydr mﬂms -
aro givon in Ifrench measures of the old style. As our GbJEEt
hiowever, in the present section, is simply to determine froin ex-, -
periment the relation of the oxperimental to the theoretical dig-
charge, it is not necessary to reduce tlie experiments’ to other
meagures than those in the original ; but the value of the fmca nf
F
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periments vavies from ton minubes to an hour, and g
the depths are considerable, tho resnlts mmst he
Jooked upon asg prelty aceur abe s nd b i worthy
of note 1 ihat hero the cocllicients are lavger for
square than for cireular orifices. -

We may remark horo in passing how universal (o
coefﬁments 613 to 628 arc for wll forms of ovifiees
in thin plates, or with the outstde aee ises eluinfered,
Tndeed, we may always use the cooflicienl 62 with
certainty, for practical purposes, [or every orilleo of
this kind, whether at tho surfaco in the form of g
noteh, or at tho sides or Dhotton of o vessel, il the
sectmn of the approaching water ho luvge in propor.

tion to the avea of tho discharging orilice or noleh,

By coefficient wo of course hore et thal decinl

“which, multiplied by the theoretiond value, gives tho
practical result; and this is subsltanbiolly the spne

for notches and orifices sunk below the surface, ag

- will appear favthor on, I'horo appenrs Lo us, hoy-

ever, an utber wanb ol aceurncy in using the coefli.
cient ‘62 or thereabouts in ganging for wl! orifiees,
weirs included, no matter whab the thicknesy or form
of the orifico or erest of o woir may he, or area
of the approaching channcl, Mhese will -eause {he
coeflicient to vavy from *6 to 1 or more, and lenco
the 1iecessity for endeavouring to reduce this portion
of our subject to rule.

gmwty, g, must, of eourse, ho tnlkon in those mewsnves witle whiell
~ thic.oxperiments were mndes Tt the Freneh decinml, or medem

| Bf;}’lﬂ' the metre 15 cqual to 32808 Bugrlisht feot, ae 3371 incles,

Thd tenth part of o metve in thy desimetve, wud the rewth pat of
. the decimotro } tho contimotre, a (he e iply,  lante

" XIV. containg the woightly and monsures in gonovnl wse in Groat

Butmn and l*mnnu with thoir genoral ratios (o caeh othaor,

L. Ili " !
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The experiments made by the Abbé Bossut, con
tained in the following table, give the mean value of
¢, Tor both cireular and square orifices, equal to *616
nearly; and it-may be perceived that, for the small
depth in the last experiment, the coeflicient rises so
high as 649, These-and other experiments led tho

CORFFICIENTS FROM DOSSUT'S EXPERIMENTS.

Deseription, position, nnd ize of
orifice, in Franch inches,

Horizontal and civeular, 3" diametex
Horizontal and eireular, 1 diameter
Horizental and civeular, 3" diamater
Horizontal and rectangular, 1¥ X §”
ﬁbxﬂznutnl and square, 17 X 17 .,
Hovizontal and square, 2 X 2"

Lateril and cireular, 3" diameter ..
Lateral and airealar, 1Y diameter ..
Lateral and circular, " diameter ..
Lateral and eirveular, 1" diamotor . .
Lateral nud eireular, 1¥ diametor ..

Abbé to construct a tabl

Depth of | Numher
the cenira | of Freuch | Theoretienl o
of tho cubleal dlscharge | Resulting
ariflee in | inches por rulnule, joooefllelents
French [disehargod [D=101La4/F,
inghes, |por minute,
140892 | 2311 | 97608 | 0l4
140832 | 0281 | 100438 | 017
1400832 | 37203 001781 (18
1400832 | 2033 4786/ (13
140892 | 1181% | 101H3-7 (017
4 140-832 | 47801 | 700140 {017
108 2018 3234 (111
108 8136 13173+ {17
44 1858 | 21006, | 610
4.8 5430 B7HD (310
(5833 (28 H (18 {l:Lf)
¢ of the discharges, at dil-

ferent depths, from 'a circular orifice:1 inch in dia-
meter, from which we have determined the. following
‘table of coefficients. These increase, as the orifico

COEFFICIENTS DEDUOED FROM ROSSUT'S EXPRRINENTSE,

Heads,

Coaffleienis,

Heads,
in fcot,

Cooficlonts,

1

2
g
4
)

020
020
19
010
619

11
12

019
418
118
018
{017
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approaches the surface, from -G17 to 621 ; and at
lesser depths than 1 foot other experiments show an

increase in the coeflicient up to 650, The expori-:

ments of Poncelet and Lesbros show, however, a

reduction in the cocflicients for square orifices 8" X §”
as they approach the surface from 601 to 572.

Brindley and Smeaton’s experiments, with an orifice

I inch square placed at different depths, give a mean

ﬂdEFFIGlEHTS QALCUTLATED FROM DRINDLEY AND SMIATON'S FXPERIMENTS,

1 foot hend @ orifico 17 x 17 coefficient *'{MHL1
9 feot hoad : orifice 1 x 17 eociMicient <085
8 feet head : orifice 1" x 1%; eocflicient ‘048 fmonn 687,
4 feet head : orifice 1" x 17: eocflicient 6382

5 foct head: orifico 1¥ % 171 eocfliciont 085/ I

6 feet head : orifico 4" x&": cocflicient 657

v q

value for ¢, of *637. "The last experiment, with Em
orifice only # inch by ¥ inch, gives so small & coeffi-
cient as B67 placed at a depth of G feot !

Ifor notches 6 inches wide and from 1 to 6% inches
deep, Brindley and Smeaton’s experimehts give the
mean value of ¢,="037. The coellicients of dischargs

COENEFICQIENTS 'Ol NOTOINNH, GATOUTATED T'ROM BRINDLEY AND BMEATON'S

EXPFEIIMENTA,
Ratio of the Hizo of : Ratla of {ho Slze ot |
length | noehos {oofflelents, lonplly nelohey Uooftielenis.
o the depth. | 1n Inehos lo the doptly, | 1n inoes,
P2tol | B x 0} 03 87101 | 6% 19 ‘098
107 01 | O % 054 71 ddtol | 0% 13 054
| -2 tol [ GX O {104} A8lol | X1} (81
102 tol | 0% 8} {102 b tol w1 713
[ Qel tol | (0¥ ﬁﬂj‘* (a0 Maan volue, {037

¥ The depth iy misprinted 2% inches in tho Iincycloprodias,

the resulting coeflicient for which would be 608 instend of +030

ng nhove, for a depth of 2f inches,

- r
Yo
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for notches and orifices appear to differ as little from
each other as those for either do in themselves. ‘Lho
results also show a general though not uniform in-
crease in the coefficients for smaller depths,

Du Buét's experiments with notches 18+4. inches
long, give the mean valne of ¢, =632, which dillers
very little from the mean value determined from
Brindley and Smeaton’s experiments.

QOEFTICIENTS FOR NOTCHES, CALCULATED FROM DU BUAT'S EXPERIMENTE.

. 1L.Ratlo of the Eiia of Ratlo of the Slza of :
* lengilt notohan Coefllolents, lonpth notolesn CloofMolonta.
10 the depih, in inchcs, to the deptl. in Inches,

279 to 1 | 184 % 6753 630 576 to 1| 18+ X 8.100| 024

304 to 1 | 184 X 4605 627 1003 to 1| 18+ X 1778 (048

Poncelet and Leshros’ experiments give the coclli-
c:ents in the following table, for notches 8 inches

GOEFFICIENTE ¥)R NOTOHES, DY PONOELET AN LESBIOS.

Ratio of the Blzo of Ratio of tho Hizo of

lonpth ngichaa (Joefitolenty, Jonth notchog Joafllolonls,
to the depth, | In inches. - to the ﬂnpth In inohes,

Otol | 8X0 | <517 | ®83tol] 8% a4 | 60l
1 tol 8X8 i85 b tol! BX 10O 011
1'8tel | 8% 0 aitill 07 tol] 8% 12 18
3 tol 8 X & gilth 10 tol} 808 025
25 fo 1 8 X 32 fitth] 20 tol| 8 %W 04 (30

i 1L

Wlde the mean value of all the coefficients in these
experiments 1s *603. Ilere the coefficients increaso
in every instance as the depths decrease, or as the
ratio of the length of the notch toits depth increases.
We shall have to refer to the valuable experiments
made at Metz, on the discharge from differently-pro-
- portioned orifices immedialely. :
Rennie’s experiments for circular orifices at depths
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CORFFICIENTS FOR CIRCULAR ORIFICES, FROM RENNIE'S TXPERIMINTE,

ITendg at tha * s '
ﬁg;:g&ﬁﬁ {;ggt {llljfl:l?ﬂ:u'. 'ﬂi&mlll:ﬂ:}r. ﬂiq;l]i::é]’::}r. ﬂiln'f‘jllﬂlur. | \?ﬁrlt::}t:;.
1 471 034, B 083 | 045
9 Y% ‘621 058 010 030
9 0060 630 ‘392 928 |, 080
d {02 (120 614 5814 021
Means ‘001 (324) 035 010 330

from 1 foot to 4 feet, and of diameters from % inch
to 1 inch, give the following cocflicients. Here the

increase in the coeflicients for lesser orifices and at -
lesser depths exhibits itself very clearly,notwithstand-"

ing & few instances to the contrary, The mean value
of the coefficient ¢, derived from the whole, is 635,

For small rectilineal orvifices the coefficients were ag

COLTTFICIENTS 1°0R RECTANGUYAR ORIFIOES, FROM RENNIN'S EXPERIMENTS. .
- Gl
i - 3 3 : g .
2, \ .
8 2| gude | dpda ﬁﬁ% N
B | M ) g
- Rl ol s, g g -
A ¥ B & *
EE E-g g;ﬂgm | gﬁﬁ’f 4 ad ) Lt
: - B i % %
T 017 1Y 003 ) 500
) ‘(085 {135 (08 ’ BT
3 300 (OG5 (300 . 678
4. . 508 H08 08 508 08
Moans

The most valuable scries of experiments of which
we are possessed are those made at Metz, by Poncelet,
and Lesbros.,  They were made with orifices 8
inches wide, nearly, and of different vertical dimen-
sions placed at various depths-down to 10 {eet. The
discrepancies as to any general law in the relation of

| the different valués of tho coefficient of discharge ¢, -
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to the size and depth of the orifice in the preceding
experiments, have been remedied'to a great extent by
these. They give an increase of the cocflicients for
the smaller and very oblong orifices as they approach
the surface, and a decrease under the same circum-
stances i those for the larger square and oblong
orifices, There are a few depths where maximum
and minimum values are obtained: we use the terms
“maximum and minimum values” for those whicl
_are greater in the one case and less 1n the other than
the coeflicients immediately before and after them,
and not as being numerically the greatest or least
values in the column. We have marked with a ¥, in
the arrangement of the coefficients, TanrLr L., theso
-maximum and minimum values, The heads given in
this table were measured to the upper side of the
orifices, and by adding half the depth (d) to any
particular head, we shall obtain the head at the
centre,

As a perceptible sinking of the surface takes
place i1 heads less than from five to three times the
depth of the orifice, the coefficients are arranged in
pairs, the first column containing the coeflicients for
heads measured from the still water surface some
distance back from the orifice, and the second ob-
tained when the lesser heads, measured direclly at
the orifice, were nsed. A very considerable inecrcaso
in the value of the coefficients for very oblong and
shallow small orifices, may be perceived as they ap-
proach the surface, and the mean value for ull
rectilinear orifices at considerable depths, seems (o
approach to 605 or ‘606, | "
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We have shown, equation (29), that the diséhm*ge is
D=0y X {1 ~ 9(?7::*} X AN 240,

approximately, in which expression d is the depth of

- the orifice, and % the head at ifs centre. Now it is

to be observed, that it is not the value of ¢, simply,

which is given in Tasre 1., but the value of ¢; x
(’ . e .

{1 e ;ﬁ}, the coefficient of A 4/2 ¢ fg;, equation (29).

The cocffictents In the table ave, therefore, less than .

the coeflicients of discharge, strictly so called, by a

e d” . :
quantity equal toge7s The value of this expressjon

ig in general very small, and it is easy to perceive
from the first of the expressions in equation (31), p. 62,
that it can never exeeed 42 per cent., or more correctly
0417 in unity. If' we wish to know the discharge
from an oriflee 4: inches gquare ='4" X 4", with itg
centre 4 fect below the surface, which is equivalent
to a head of 3 feet L0 inches at the upper side, we

- find from the table the value of ¢ {1 %.d 7;,9} =2

601 ; hence we shall get

p =601 x A+/Tgh = 601 x = x 8025 x 2 =

601 x = x 16:05 = — x 9:646 = 1-072

cubic feet per sccond.  In the absence of any expe-
riments with larger orifices, we must, when they
occur, use the coeflicients given in this table ; and,
in order to do so with judgment, it is only necessary
to observe the relations of the sides and heads, Ifor
example, if' the size of an orifice be 16" X 4', we must
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seck for the coellicient in that column where the ratio
of sides is as fonr to ome, and il the head ab the
upper side be five times the length of the orifice, wo
shall find the coellicient 626, which i this case 4
the same for depths measured behind, or at tho
orifice.  Tor lesser orvifices, the rasults oblained
from the experiments of Michelotti and  Dossud,
pages 67 and 68, are most applicable; and wlso
the cocflicients of Lemwde, page T1, 1t ig almost
‘needless to obscrve, that all these coellicients aro
only applicable to orifices in thin plates, or thosa
T T EE m having the ontsidoe ar-
' riges chamlered g
in Fig, 8 Very lit-
4 tlo depondence ean he
) placed on calenlabions

71 of tho quantitios  of
water discharged from

. Let oo bt | =%
e . Ry Ffrrilinieh

“other orifices, unless whore the eocllicients have heon
already obtained by experiment or correet ntforenes
for them. If the iner arvis next the water bo
rounded, the coelficiont will ho inerensed,

NOROIEE AND WEIRR.

We have already given some cocllicients, pages 69
and 70, derived from the experiments of Du Buiil,
Brindley and Smeaton, and Poncelet and Lesbros, for
- finding the discharge over notehes in tho sides of
- large vessels; and it does nol appear that theve is
any difference of importance bebween these and Lhoso
for orifices sunk some depth below the surface, when
the proper formula for finding the discharge for cach
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is used, If we compare DPoncelet and Lesbros’ co-
oflicients for notehes, page 70, with those for an
orifico at the surface, Tasne 1., we perecive little
practical difforence in the results, the head being
measured back Trom the or'i."l'me, unless in the very
shallow depths, and where the ratio of tho length to
he depth exeeeds five Lo one. The depths boing in
hego examples Iesg than an inch, it is probable that
he larger cocllicients found for the orifice at the
strface, arise from the upper cdge atiracting the
fluid {o it and lessening the effects of vertical con-
traction, ag woll ag from less lateral contraction. In-
deed, the results obtained from cxperiments with
very shallow welrs, or notehes, have not been af
all uniform, and ob small depths the discharge must
proportionably bo more affected by movemoents of
the air and external circumstandes than when the
depths are considerablo.  Wo ghall see that in My,
Blackwell's experviments the coeflicient obtained for
depths of 1 and 2 inches was G76 for & thin plate 3
foct long, whilo for o thin plate 10 feot long 1t in-
creasced up to ‘805,

The experiments of Castel, with weirs up to about
30 inches long, and with variable heads of from 1 to
8 inches, lead to the cocflicient 497 for notches ex-
tording over one-fourth of the side of a reservoir;
ancl to the cocffieient ‘664 when they extend for the
whole width, IFor lesser widths than one-fourth, the
cocflicients deerease down to 584 ; and for those
extending hetween one-third of, and the wholoe width,
they increase from 600 to 665 and +680. Bidone
finds ¢, = 620, and Eytelwein ¢, = 6356, It will be
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- T

perceived from these and tho [ovegoing vesulls, thy
the third place of decimals in the valuo of ¢, and
even sometimes the sccond, is very unecrbin g tha
the eoeflicient varies with the head and rabio of the
noteh to the side In which it s placed 3 and wo shall
soon show that the form and size of (ho weir, weir
bagin, and appronches, still {further modily its value,

When the sides and edge ol & noleh increaso in
thickness, or are cxtended into & ghoot, the cocll-
cients are found to reduce very considerably ; and
for small heads, to an extent Deyond what (ho ins
crease of resistance, from [riction slono, indicates,
Poncelet and Lesbros found, jfor orifices, that ihe
addition of a horizonial shool, 21 inches long, re-
duced the coefiicient from 604 to GO, with o head
of 4 feet; bul for a head of only 4% inches, the
coefficient fell from 672 to 483, the ovifice heing
8" x 8. Tor wnofehes 8 inches wide, with o Jiori
zontal shoot 9 feat 10 inched long, the coeflicient el
from 682 to 479, forr & head of 8 inchesy and (rom
622 fo *340, for & head of only 1 ineh,  Castoel found
also, for a notch 8 inches wide with a shool 8 inche:
ong attached and inclined ab an angle 4 18, that tho
aean cocflicient for heads from 2 to 4% inches was
only *627. Little dependence can ho placed on ex-
perimental results obtained for shoots which partako
of the mature of short piped, and should he trented
in like manner to find the digcharge.®

‘We have obtained the following table of coclficients
from some experiments made by My, Bullwed, on the
river Severn, near Worcester, “with o woir 9 foeb

Er -

¥ Traité Hydraulique, par 1’Aubnigson, pp. A8, 04 of G5,
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long, formed by o bowred standing perpendicularly

across o trough.

1y ¥

The heads or depths were here

measured, on the wedr, aud ieneo thee coeflicienis aro
larger than those found from hewds meastieed haek
to the surface of still waler,

ixperiments made of Chew-Magng, in Somersel-
ghire, by Messrd, Bliekwell and Simpson, in 18601,
pivo the following coellicients,
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and (4.0,



8 TUE DISCHARGE OF WALER FROM

“The overfall bar was a cast-iron plate 2 inches
thick, with a Square top.” . The length of the ovar-
fall was 10 feet. The heads were mengured from
still fvater at the: side of the reservoir, and | ab
some distance up in it. The aréa-of the reservoir
“was 21 statute perches, of an irregular figure, and
nearly 4 feet deep on ap average. It was supplied
from an upper reservoir, by a pipe 2 feet in diameter
and of 19 feet fall ; the distance between the supply
and the weir wag about 100 feet. The width ‘of the

ﬂ‘.' l[ 2: ﬂr d, i‘; SEﬂlﬂ ﬂf ‘wﬂeuﬂn m' Im:rt.

reservolr as 1t approached the overfall was about 50
feet, and the plan and section, Tig. 9, of the weir
and overfall in connection with if, will give a [fair
idea of the eircumstances attending the experiments,
© Tor heads over & inches the velocity of approach (o
the weir was “perceptible to the eye,” though itg
amount was not determined. We perceive that the
coeficient (derived from two experiments) for a depll:
of 8 inches is 802, while the coefficient (derived
from three experiments) for a depth of 78% inches is

\
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‘717, and for depths from 8 to 84§ inches the mean
cocfficient is *74.3 : as all the attendant circumstances
appear the.same, these discrepancies and others must
arise from the circamstances of -the case: perhaps
the supply, and, consequently, the velocity of ap-
proach, was, increased while making one set of ex-
periments, without affecting the still water near the
side where the heads appear to hdve been taken.
By comparing the results with those obtained by ona
of the- same experimenters, Mr. Blackwell, on the
Kennet and Avon Canal, we shall immediately per-
ceive that the velocity of approach, and every
circumstance which tends to alter -and modify it,,
has a very important effect on the amount of the
discharge, and, consequently, on the coefficient,

The experiments made by Mr. Blackwell, on the
Kennet and Avon Canhl,in 1850%, afford very valuable
instroction, as the form and width of the crest were
varied, and brought to agree more closely,with actual
weirs in rvivers than the thin plates, or hoardst of
carlior experimenters, Wo have caleulated and ar-
anged the coeflicients in the following table from
these experiments.  The variations in the values for
different widths of crest, other circumstances being
the same, are very considerable ; and the differences
in the cocfficients, at depths of &5 inches and under,
for thin plates and crests 2 inches wide, are greater
than meve [riction can accouni for; and greater also
than the differences at the samo depths between the
cocllicients for crests 2 inches thick, and 3 feet long,

# Civil Engineer and Architoet’s Journal, 1851, p. 042.
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- The plan and section, Fig. 10, will giiré_.ﬂ fair jdea
of the approach to, and nature of the overfall made

L] 'r*

\ ' o i

Pig. 10

The dotted lines on

Plin show the sub-
merged © masonxy * ap-

« pearing at C lu Section,

-Bvurfnll L

1p 20 Qo 40

"~ Senle of Plan in Feats

o VN TV R R, TR RN

| Scale of Scetlon In Feet, ¢ o . - |
" ? 1 | : |

use of in these cxperiments. The area of the
reservoir was 24, 1r. 80p,, and the head was mea-
~gured from the surface of the still water in 1f, which
remained unchanged between the beginning and end
of each oxperiment, The width of the approach An
from the reservoir was about 32 feet ; the width at
a b about 13 feet, below which the waterway widened
suddenly, and again narrowed to the length of the
overfall, The depth in {ront of the dam appears to
have been about 3+cet; the depth on the dam, next
the overfall, about 2 fect ; and the depth on the sunk
masonry in the channel of approach, about 18 inches.
Altogether, the circumstances were such as to in-
crease the amount of resistances between the reservoir,
from which the head was moeasured, and the overfall,
particularly for the larger heads, and we accordingly
@
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see that the cocflicionts beecome less for hewls oy
six inclies, with & few-exceptions,  The meusure.
ments of the quantities discharged appear to huvo
been made very accurately, yet the dischorges e
second, with the samo head and same lengbh of over
fall, sometimes vary ; for instunce, with the plank
9 inches thick and 10 feet long, the digcharge pe
second for 4 inches head varies from 6:098 cubig
feet to 6491 cubic feet, or by about one-sixteentl of
the whole quantity. Most of the regults, however,
are means from several oxperiments,  Tho quantities
discharged varied from one-tenth ol & . cubie fool Lo
22 cubic feeb per second, and the duration of the
experiments from 24 to 420 seeonds, Il we compare
the coeflicients for a plank 10 feet long and 2 Inehey
thick in the foregoing tuble with those for the stme
overfall at Chew-Magng, wo shall timuediately  per
ceive how much the form of the approaches willvely
the discharge, Indecd, were the area of the resen
voir af Chew-Magna oven larger than that for e
Kennelt and Avon experimonts, it would ho  lound,
notwithstanding, that the eoclicients 1 the fornw
would still continuo the larger, though not  [ully
a8 large as those found under the particular civ
cumstances,*

# Thore is o vory importont emission” in all tho preceding
experiments ot weirs aud nolehes,  In iz, 10, fov ustance, it
woukd have been necessavy o obtuin the heads at A T mand « b i
eacl experimont, above the erest, md also the hond on und w low
feet above the erest itselll  "IMase nee, perhups, hest, ealenladod by
means of tho observed velocity of wppronch,  They womdd indicate
the resistances at the difforent pmssages of npproach, and enabio n
to calculate tho cocllicients corroetly, wl theroly rendey then
more generally applicablo to practical purposes.  "Lhe coollicionts
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The following table gives tho moan rosulis of 88
oxporiments’ mude by Iraneis, ot the Lowor Lock,
Lowell, Massachuseits, in 1852, Tho duration of
cach of these experiments varvied from 180 to 822
geconds,  Tho cocllivients i column 10 have been
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caleulated by ourselves, und the other resullts con-
densed [rom the large table given in Franeiy’ Book.*®

in tho two provioud tbloy are not ag valuehlto as thay othorwiso
would Do feam this omission,  "T'he lovel of wtill wador nepr tho
banks is holow thnt of e moving wador in the eneeent, therefore,
honds monsured from still waler st givo Inrgor coollicionds than
il taken frony the eentre of the enveont, 'I'his may wocount, o
gomo extend, (or the e eosflicionts in (o test tddo, batl aparet,
from this, the slort conteneted chanmoel immodiotoly above the
wador-futl, IPig. 0, musl ineroaso the eoollicionts,
& Lowoll Tlydewulio Wxpovimonts,  Now Yok, 1866,

t 3
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The heads given in tho Gth column wre those which
would give the observed diseharge Trony the formuly

¢ i |
- D::f-fa: (2g) 7,

Ag we have also equation (39)
| | 4 n
D= f G g(gaq)% XA A M) 0

we must, therefore, have
K= {(h+ )= b))

the values of which ave givon in eoluinn 6,0 The
valwes of 2 in column 8 are lthoso which would e
found hy fesalvillg the equation

D=0+ 1nh" hris
n being the number of end contraelions, awd ¢ g
multiplier varying {rom 3+42 to J-16,

In this table the theoretical hewd f;:j == O LGD »* due o
the velocity of approach has been wsed wnd does nog
exceed 02 of a faot, Wo are of vpinion, howover,
that the head 1s much greater, anel shouid ho {aken

e
=¥ ):“2!;: ‘04 w2 or theveabouts, "Uhig would reduee
the values of the coefliciont of dischirme ¢ v the 10th
column. The differences between /4, 4, and 2" in
columns 8, 6, and 7 are hevo, practicully, ol liltls
moment, and the value of ¢, in column 10 would ho
nearly the same derived from either, 'Tho crest of
the weir experimented upon was 1 ineh thick, The
weir moasuring 10 feet % 13 inehos X 1 fneh, the top
~was rounded off at Loth arvises, leaving the central
horizontal portion one quarter of an ineh wide
The - general result of these experiments vorifies the
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L

oedingry cocllicient for notehes
G177 to <628 lor the value ol .

Professor  Thomsows  experimends  with
augled triengular notehos, in thin plates, give o mean
coclliciont of G617,  Vide Nobo p, b,

n thin plates fron

viph-

HEAD, AND IIMOM WIHENOCE MRASULRED,

By reforring (o "Tasne 1., we shall see that thero
i o difference 1 the coeflicients as oblained from
heads measurad o or above tho orvitiee,  ‘Ihis dil-
forenee iy gronter in nolehes, or weird, than inorifices
gunl below the surfnes; awd when the eresh ol o
weir 18 of somao width, tho depths upon it vary,  In
the ICennet and  Avon expoeriments, the hewds meas
sured frons the surfiree of the wader in the reservoir,
and the depths ab the “outer edgo™ (hy which wo
understand the lower odge) of  the erest wore ay
(ollows emes

VIS0 ol ITEADS APEANEIRTY UN AND AllOVE W1THN,
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No intermediate heads are given, but those registered
point out very clearly the great differences. which
often exist between the heads measured on a weir, or
notch, and those measured from the still water above
it ; and how the form of the weir itself, as well as
the nature of the approaches, alters the depth pass-
ing over. On a crest 2 fect wide, with 144 inches
depth on the upper edge, we have found that the depth
on the lower edge isreduced to 114 inches, or as 126 to
1. The head taken from 3 to 20 feet above the crest,
where the plane of the approaching water surface
becomes curved, is that in general which is best
suited for finding the discharge by means of tho
common coefficients, but a correct section of the
channel and water-line, showing the different depths
upon and for some distance above the crest, i neces-
sary in all ekperiments for determining accurately
by calculation the value of the coeflicient of dis-
charge c,,

Du Buét, finding the theoretical expregsion for the
discharge through an orifice of half the depth A,

S SR N
=3 VIg x4 =(3)']
equation (6)
.

=210 3/Zgh x | 1-—-(;—)"} =646 x 214 +/ 4],

to agree pretiy closely with his experiments, seems

to have assumed that the head 7 is reduced to giin |

passing over. This is a reduction, however, which
never takes place nnless with a wide crest and at its
lower edge, or where the head 4 is measured at a
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considerable distance above the weir, and when a
loss of head due to the distance and obstructions in
channel takes place. When there is. o clear weir
bosin immediately above the weir, we have found
that, putting % for tho head measured from the sur-
face in ‘the weir basin, and 4, for the depth on the
upper edge of the weir, that |

(32) h—hy = 143/T,
for measures in feet, and
(33.) h—h, = 48 /T,

for measures in inches, The comparative values of
i and &, depend, however, & good deal on the par-
ticular "circumstances of the case. Dr, Robinson
fonnd* A = 11114, when % was about § inches.
The expressions we have given are founded on the
hypothesis, that - — 4, is as the velocity of discharge,
or as the &/ nearly. For small depths, there is a
practical difficulty in measuring with sufficient accu-
racy the relative valucs of 42 and 4, Ulless for .
very small heads the ginking will be found in general
to vary from 1% to ;;—f, and in practice it will always
be ugeful to obscrve the depths on the weir as well
ag the heads for some distances (and particularly
where the widths contract) above it,

In order to convey to our readers a more definite
ides, of the differences between the coefficients for
heads measured at the weir, or noteh, and at some
distance above it, we shall agsume the difference of

he hes — b, = then +—%-=r,and—=——
the heads 4 — 4, - (hen Ry r— Ty

+ Proceedings of tho Roynl Irish Aendemy, vol. v, p. 212,
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| r-1, —
hencek..____?—_k and 7., .?+1

NUW the discharge may be considered as that .
which would take place through an orifice whose

“depth is /%, with a head over the upper edge eqtml (0

h—hy, == %—- hence from equation (6) the dlBOhEng'G

is equal te
2 ~ i iz’w
Elx/ﬂgXGd{ﬁ _""("'?'_' }5

]Lw)g, we shall

-and substituting for ia% its value (?' 'i'

find the value of

(34) p= % I V2 ghy X ¢ { (1-+ %)ﬁ'——- (})ﬂ}

As the value of the discharge would be expressed by
S . x/mw X €4

if the head /-2, were neglected, it 18 evident tho
coeflicient 18 increased, under the circumstances,

from ¢, o |

oox {(1+5) =)'}
or, mors .correctly, the common formula has to bo
multiplied by ( 14 %)%--(%)%, to find the true dis-
Icha,rge, and the value of this expression for different
values of l,"‘ « will be found in Tanrm IV, If wo

Euppose that
T 1 ._
ft "‘"]Lw = Tp» theh _*.:TG — ns
3
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Now if we take the valne of ¢, for the full head t0
be 628, weé shall find 1-1221 % ‘628 =705, rejecting.
the latter figures, for the coefficient when the head is
;

measured at the orifice ; and if %“ — -i% = 72, we should
find in the same manncr the new coefficient to be
1:22561 % 628 == *76Y nearly, The increase of the
cocfficients determined, page 77, from Mr.. Ballard’s
experiments is, therefore, evident from principle, as
the heads were taken at the noteh; and it is also
pretty clear that, @n order fo determine the true dis-
_ charge, the heads both on, aé, and above a weir should

be taken. Most of the discrepancies in the coefficients
determined from experiment have arisen from imper-
feet and limited observations of the facts. Amongst
these the velocity of approach should never be
neglected by observers, as ils effect on the discharge
is often considerable in inercasing the quantity, The
effect of the form of the weir and approaches is
scarcely over sulliciently congidercd by professional
men,  Most of the digscussions which arose with
reference to the gaugings on the MMetropolitan Main
Deamvaar Quisrion would have been obviated if the
calenlators, or enginecrs, nad taken into account the
different circumstances attendant on i, instead of
applying generally a formula suiled to a particular
case, namely, a thin crest, a small noteh, and a large
body of water immediately above it ; dnd. applied a.
correct formula for finding the effects of the velocity
of approach. o | -

The two following tables have been reduced to
English measures of fect, from Boileaw’s experiments;

Ll
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they show the relation of the hewd to the dopth on
the crost at the upper arvis,  Lho coeflicient for the
head % being known, we may, [rom our cquabion (34),
caleulate that due to /4, on tho wetr,

TaLn showing the ratio of the hewd, by lo the dopth, Iy, on a Plank
Weir of the full width of the Channel, tnnmedicdely at the wpper

edge, or I—Ii, so0 equation (HH);, awhan he sheol of waier &8 free
by

after passing ovor, with alr wnder AL,
W

Valuesof tho head ki dlvlded by the tiilekneas of tho phent ni,‘lwulnﬁ
pasein g ovor the welelmmedintely nt Hho uppnr elgo ] nverigo h"‘_ i
Head bin | = 19 hotweon lionda of 3 anl 1.k Inehes,
foot, U E P | .
| Lol lltﬂf' {?:txm'clr ltnhﬂ:tﬁg{tt\*tzlr lInl‘;ll:f;“t:{{‘t\*;nir “""ﬁ]."i-.f:ﬂ walr
ST 147 18, 1,
1 TR IHH s ' (RUEH
18 1352 ‘o 120 1240
10 1:240 ‘r 1-ER0 1314
20 1234 1203 L211) [ ]
'R0 1:228 14988 bR 1-2050
90 1216 1234 s 1204
J 12148 1908 Pt [RERIE
gt 1210 1920 8Ly [ (10
19 10200 1041 (RN 1107
*10 - 14204 1316 R0 '
i 14141 140
ditl 1-106 . L1
80 1188 10t
87 1180 .
09 JRALE .
1215 1183 ‘o
If we were to use the hiead 4, instead of A4, to cal:
/i

culate the discharge, when i == 174, then o cocflicient
W

of 628 for the head 4 would become 769 for the

] ,
for =02, aned, Lherelore,

TABLEIV., 628 % (1:2)7—('2)7 = (28 % 1:2261 = 760,

head 2%, in equation (34):
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' " !I' ) :
Tanra slewfagy the vt o rguation (W), whea the skt of attor

W '
naysing orer iy inoeondael w0ith the erest and aeith tha water ine

meliataly below w Plank 1Veiy,

PP e i e 61 A AN
Yalues of ',‘1 for diorent holghts of wolea and for ditfevent
}}'mmlﬂ: mepte valuo for Liomdn hotween 3 wpd T4 blies, asgunt
el b 0 [RUS
I feet, [ y S
TTulyhat of wely Helght of walp Thelght uf wule
In ival, }lu I, In fied,
1. 144, 13,
%’
(pren .
: . 11971 1+4))
Rt LR 1"HHI
80 1'INR 17!
PUHIT 1841 180
el 1o Lol
SR EPCH
(it HEI Y ' .
0y L BN ‘e
114 RBUH
R R

IT we wero (0 uso Cho hewd Ay instend of 4 o enl.

o, h |
culao the digeharge, when h = 1426, then o cocellis

iy
cient of 628 for the hewd 2 would hecomo 708 for

| , : o]
the heatl %, in equabion (34). for . = 205 and,

' ‘(1 ' - ' | L I . -l | s A B T r
therefore, the value ol ¢, [(l | T) (;) },.I.AHLL LY.,

iy 628 X (L'2h)3 — (25)2 = (28 X 19T = T ;
and 80 on we muy enleulate the value of the coolfi-
ciont to bo upplied to the depth A, on the weir, for
any other rutios bebween 4 wnd 4, by means of
equation (34,

Boileaw made some valuahlo exporiments ol Moz,
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which were published in 1854. They give the fol-
lowing results for vertical plank weirs extending from
side to side of the channel, when the water passcd
over without adhering to the crost +—

Height; of weir over bot- Head above, Mean coofliviont,
tom of channel in feot,
i 2 t0-1+6 045
13 16to 5 622
{i 15 to 26 ‘625

When the water pagsing over was joined to the crest,
and no air between the sheet passing over and the
water below the weir, the experiments gave

9 I+ to 16 694
148 ‘6 to 1'8 690
G 36 to 13 675

When the plank weir leant up-stream 4 inches to a
foot, the mean value of ¢, was ‘620, the height ol
weir heing 1'5 foot, and with heads from ‘23 {o *f
foot. When ils crest was rounded to a semi-cyline
der, the coeflicient was, with a head of 26 foot, -096,
and with a head of 52 foot, ‘848 ; the water adhering
to the crest, 'With a head of 6 foot the coeflicient
was 867, and with a head of 85 foot, 840, when the
water passed over without air between it and the
water below the erest, The following tables give the
experimental and reduced coefficients for vertical
plank weirs of different heights, and with different
heads, when the water passes over in a full sheef, and
alsowhenitis joined to the crest and lower water. Also
" for plank weirs suitable for sluices, leaning up-stream
with a slope of one-third horizontal to one vertical.
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CoEFFICIENTS of Fertical Plank Weirs at right angles to the Channel,
when the edga 13 chamjered at the lower arris, and when the head
passing over is in contact with the water at and below the Weir; or
when the water immediately below the Weir vises to the crest. The
mawinwmn cogfficient *738 appecrs to obtain when the height of
the Tl eir is double the depth passing over the crest,

8 Heights of weirs, in feet, over the bottom of the channel, and g
w2 3 | corresponding values of the coefficient of discharge ¢y in the | .
Eé _ fﬂl‘mlllﬂﬂmﬂd X ﬁ'-\/ﬂlﬂ h. Eﬁ
AN 66 | 82 | P9 ¢ 114 ) 1082 | 1-48' | 165 | 181 | 1-D8 us|
‘30 ITET i = [ ] . L ] [ B * ] L | FBU
38 | 721 .e . .y ‘o ' : , 39
‘36 ‘?‘21 . - . v - " ' '35‘
39 'TlB . - v ' v e - o 'ED
lh‘.4:1.[?! '?1‘:‘: BT - - .0 - a . *"[8
':1:6 '?(}ﬂ .- [ w s P - - . . - "':I;'B
40 ] Y02 + Y08 § -718 | *TEL ) .. ‘e ‘e ‘e .. 49
3} BDL ) 09D ] 708 | 718 | .. . .o - . s 53
56 1 687 | 693 | 00 | TI2 | +72D . . . ity
50 | 670 | 68T | -0DL [ 705 | -T2L | ., .o . it
“53 'BTE '[}82 'ﬁ-._qﬂ 'TDD '?1? . - ' '53
66 | 672 | -G78 ! 634 | 6D5 | TIL | .. .o . . !
74 | 067 | 672 | 678 | GuO | -508 | -73A8.| .. ‘o " T3
-7 661 | 066G | 073 | 685 { 705 | 720 ‘e ‘e . ‘79
86 | 655 | 66D | -66% | 681 | T00 | V24 .o .. . 86 |
02 | 648 | B35 | 866 | -B7R | 600 | 720 ‘o ‘o .o | D2
O 1 640 F 652 | 666 | BT8R | 603 | 703 | ¥12 1 720 | 720 | 0@
05 | GB3L | 645 ¢ «6BT | 669 | 681 | 691 | 702 | F1L | +¥R0 (105
1-12 | -627 | -636 | -6416 | B5Y [ -G6Y | *670 | B0 | 700 | -¥I1 [E-12]
1-19 { 625 | 646 | -646 | 657 | ‘666 | G765 | 685 | «GYL } Y03 |1-10"
FEA5 ] +635 1 036 | 646 | 657 | 606 | GT5 | -682 | 60 | -6GYG [1-25
1-32 | 635 | -636 ; -646 | -B65% | »666 | 673 | 671 | B85 | -691 |1-32
1:30 ) .. . . . 606G ( 872 ¢ 678 | 682 | D84 |1:30
i5 ] .. e .o G6L | ‘670 | 675 { 670 [ -BH4L | 145
1'a2 ] .. . . 661 | *G67 | 672 | -676 ] -GB1 {162}
158 ' ‘s . G883 | 6683 | -660 | BTR | -G7HE 1158
1:G5 . *Gad ( 638 | -G63 | 666 | -GET | 105

Phe following tahble gives the result of experiments
on chamfered plank weirs, for gauging, extending
across a channel at right angles to if, when the bhack-
water below was Joined to the head-water at passing

over, and when there was no air between :—

Height of weir -nver'tlie bot. ) feat feet feet feet  feet  feat  food  feet
tom of the channel below... J*66 83 100 116 1'382 148 166 200

Heads passing over the weilrin - , '
eacl case, when absorbed at »+23 31 38 46 51 60 66 92
the erest into the back-water '

which shows that the head was drowned (noyde) when
the depth of the lower channel below the crest of, the
weir was less than 2% times the head passing over,

taking a general average. -
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Tanre af Eeperimental Coefficients for Plank Weirs leaning up-
streant, when the crest has the down-stream arris vounded to o

quadrant; and when the erest s cylindrical and projecting up-
streann. in the form of « knob.

one-third o ane; (hb Tower arrls “‘\.RL“?& Sme. (e oregt roundml e
O Cr i 1 rhding the g | Projecting B front beyoad the
Head & Iny Hliﬂkm‘ﬁa of the plank. plank, sa as to be thicker than it,
feet. Water free from “’#ﬁﬂ’é'g‘}i‘rﬂ et | ivien %‘hﬁé‘ | Vit E’E‘qg o
13 foot thick, ﬂrﬂtﬂﬁlcll';’"fnnt ﬂretshmk‘uut nre;:] l[ﬂk.mut |
‘10 589 65t . ..
20 ‘589 672 .. .. |
23 504 607 y .
30 012 807 .. ..
80 33 701 .. 870 -
'3 042 747 604 688
40 ‘GG 708 625 760
80 655 768 348 714,
43 661 795 609 727
40 667 802 087 741
40 675 . 702 753
63 679 e 7185 (it
50 385 e 730 T
‘08 . .. 741 786
03 G . 753 705
G0 . .. 762 802
'“9 - . . 808
i z .. . 813

The effect of the form of the crest in increasing
the coefficients is distinctly observable in this Table,
although the weirs experimented on overhung the
water above, between the crest and the botfom of
the channel,

We must protest against the notation adopted by
Boileau and Morin, of giving only two-thirds of the
coefficient of discharge, ¢,, for weirs, instead of the
full and true value. The correct formula for the dis-

| . 9
charge from a weir is p=_lA 274 Now they
assume a coefiicient due to an incorrect formula p —
S , 2 .
Ik v/2 gk, which reduces ¢, to ; ¢, to give the same

final results, This leads also to an unnecessary dis-
tinction between the coefficients of orifices at the
surface, or notches, and orifices sunk to some depth,
which, practically, have the same, or nearly the same,
general value,
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% ) +

SECTION IV.

Ivmmmmm IN THB COBFFICTENTS imom PHE POSTEION 01
THE ORIFICE.—GENERAL AND PARTIAT CONTRACITON.e—
VELOOITY OF APPROACII,—PRACTICAT ‘FORMUTZA 10K TIIT:
DISCHARGE OVER WEIRS AND I«TOiL‘GIIEE..——UEN{L*RM}"AHI‘.I

MEAN VELOCITILS.

A glance at Tanwe I will show us that the cocllis
cients increase as the orilices approach the surfuce,
to a certain depth dependent onsghe ratio of the sides,
and that this increase inereases with the ratio of the
Iength to the depth: some experimenters have found
the increase to continue uninterrupted for all orifices
up to the surface, but this seems to hold only for
depths taken at or near the orifice when it is square
or nearly so: it has also been found that tho co-
efficient increases as the orifice approaches to tho
sileg or bottom of a vessel: as the confraction
becomes imperfect the coefficient increases. Theso
facts probably arige from the velocity of approach
being more direct and concentrated under (he re-
spective circumstances. The lateral orifices a, B, ¢,
D, E, P, & 8,1, and x, Fig, 11, have coefficients (Lif-
fering more or less from each other., The coefliciont
for A is found to be larger than gither of those [or
B, ¢, B, o D; that for ¢ or k larger than tha
for worr; that for m larger than that for 1; an
“that for ¥, where the contraction is general, least of
all. The contraction of the fluid on entering the
orifice F removed from the bottomn and sides is com-
plete; it is termed, therefore, ¢ general contraction ).
that at the orifices 4, E, ¢, m, 1, x, and », i inter-
fered with by the sides; it is therefore incompleto,

| Sy
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and termed ¢ partial contraction.”” The inecrease in
the ¢oefficients for the same-sized orifices at the same

-
Tihi
l 1‘!‘1||
l'iII
e
i
| i

s EEares  mma

:i G === O ===

A A .2 L

mean depths may be assumed as proportionate to
the length of the perimeter at which the contraction
~is partial, or from which the lateral flow is shut off;
for example, the increase for the orifice ¢ is to that
formas ¢cd 4-de: de; and in the same manner the
inerense for ¢ is to that for » ased +de:cd, If
we put # for the ratio of the contracted portion cde
to the entire perimetor, and, ag before, ¢, for the
cocfiicient of gencral contraction, we shall find the-
coeflicient of partial contraction to be equal to

(30.) Co + 09 n = ¢¢ -+ 1 2 nearly, |
for rectangular orifices, The value of the second
term 09 % 18 derived from various experiments, If
we assume ‘617 for the mean value of ¢, we may
change the expression into the form (1 + ‘146 n)e,
When n = £, this becomes 1036 ¢;; when » == 4, 1t
becomes 1073 ¢;; and when n = &, contraction is
prevented for three-fourths of the perimeter, and the
coeflicient [or partial contraction becomes 1109 g,
The form which we have given equation (35) is,
however, the simplest ; but the value of % must not
exceed . If in this case ¢, = 617, the coefficient

i
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for partial contraction becomes O17 - 09 X 4 =
817 4 067 = *084. Bidone’s experiments givo for

the coefficiont of partial conbraction (1 - <152 w)¢,;
and Weisbacl’s (1 4 132 n) ¢y,

VARIARION IN TIIN CORTITOIENTH FROM 1Y BRMOTE op
TIE VELOOILY OF APPROAOU,

Heretofore we have generally supposed tho wi LLLI‘ in
the vessel to be almost still, its surlwco lovel up.
changed, and tho yessel congequently large compared
with the area of the orifice, When the waler llows (o
the orifice with a pereeptible veloeity, the contracted
vein and the discharge are both found to Do in.
" ereased, other circumstances boing tho sume,  If the
- aren of the vessel or channel in front exeeed thirty
times that of the orifico, the discharge will not be
perceptibly inereased by tho induced veloeity in the
eonduil ; but for lesser areas of Lhe approaching
channel corroctions due to the velocity of approach
become neeessary. It s clear thal this velocity
“may arise from cithor o swrluce inelination in the
channel, an increaso of huul or o smndl ehanoel ol’
,_approach,

- Wo get cquation (6) for tho dischargo [rom a
rectangular orifice A, Fig. 12, of the le \wth 4, with o
head meagured from still watoer

a . - w .
— 1-:!Z'“/B.f/ X M’I:;: "“‘“‘/""E /)
in which %, and 4, are monsured to tho surfnce ntgome
distance back from tho orifice, ns shown in the seetion,
The water here, howover, must move along the channel

towards the orifice with considerablo veloeity, If A
be the aren of tho orifice, and ¢ tho arca of the
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channel, W(} nuw Kl mmru with tn]m'u,hlu neeurae y that
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thig velomty i [}(]lliﬂ Ln ” (L in which M, 1'9111*{3011Lq

the mean velociby in thoe ovifice. 1T wo also repregent
by v, the veloeity of approach, wo got tho oqualion

A
(36.) U= X Vs

and congoquently tho theoretical height (4,) dwe to

it 18
'..I 'J
37.) b, = ._,J >< M v *()lﬁﬁ ”111 [eol monguroes,*

The height A, may ho f:mmulm*ml a8 an increage of
hoad, converting /A, into Ay, -« Ay and A, inbo 2, - A
The dischargo therelore now becones

(38) D :Eﬂd IN/ Oy { (U - b3 — (bt b)) s
which, for notches or weiry, i8 roduced to

# When tho approuching volovity puanos throwgly tho ovifico without,
contraction, it iy avident that the hend A, vequived to produco Uk

. | Aﬂ Yy
clocily, tn the orificewith contraotion, must ok, == 55 =
Y ¥yt the orificewith contraotion, must bo ke, (e Jf} o1

Af *u"'
ingtead of £, = (e X gy in whivh enye ogquntion (40} hocomoes
J)‘*‘- L g
Iy = Il wowo must wvo by = 0
R xﬂa v ”fl' n ko mamu el Ry

= 0 v in foot monsures when v, i o velocity of approwch
and ¢y =2 1417,
i 8
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(39) D :‘% ca.,?;/rﬁp}j{ (7 -+ ]a“)?i‘-—-]a%} X

as b, then vanishes. As p 18 also equa to A X w,

equation (37) may be changed into

D* ., 1 e PP
(40 =g X o= — 01566 .3111 foet, measures.

_ 2 ¢
If this value for /%, be substlmted in equations (38)

and (39), the resulting equations will be of a high
order and do not admit of a direct solution ; and in
(38) and (39), as they stand, %, involves implicitly
the value of p, which we are seeking for. By find-
ing at first an approximate value for the velocity of
approach, the height 7, due to it can be easily found,
equation (87); this height, substituted in equation
(38) or (39), will give a closer value of », from
which again a more correct value of %, can be de-
termined ; and by repeating the operation the values
of v and 4, can be had to any degree of accuracy:.
In general the values found at the second operabion
will be sufliciently correct for all practical purposes.
- It has been already observed that, for orifices, it is
advisable to find the discharge from a formula in
which only one head, that at the centre, is made use
of; and though Taznrr IV, as we shall show, enables
us to calculate the cischarge with facility from either
formula, 1t will be of use to reduce equation (38) to

* The formule for the discharge over weirs, taking into account
the velocity of approach, » = 208 ¢ I/ A 3 115 22, given Dy
D'Aubuisson, Traité Hydraulique, scconde édition, pp. 78 ot 95,
and adopted by some Iinglish writers and engineers, is incor-
rect in punmplu In feet mensures it becomes d == §5-885 ¢4 1A X
A I 08404 93, which form,—with alterations in the numerals
and measures,—was used for celculating discharges of sewors
during the MrrrororiTaN Mamw Dramack discussion,
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a form in which only the héad (%) at the centre
is used. 'The error in so doing can never exceed six
por cent,, even at small depths, equation (81), and
this is more than balanced by the observed inecrease
in the coeflicients for smaller heads, |

The formula for the discharge from an orifice, 4,
being the head at the centre, is

D=CV 2 ghXA;
and when the additional head /4, due to the velocity
of approach is considered,
p=¢; 2 g (hFh) X A,

which may be changed into

(41.) p=AN2 g hXe, {l—|—%ﬁ}i-
Liguation (39), for notehes, may be also changed to
the forim

(42.) 3}::-341\/2 g X ey {(1“7:1: ;ih) }:

this is gimilar in every way to the equation

(43.) D.._.—Ji\/): ¢ dXey {(1 +73t) (]EL) }

for the discharge from a rectangular orifice whose
depth is d, with the head A%, at the upper edge.

TAaBLE ILI, contains the values of {1—[—%"’} in equation

(41), and Tamrr IV, the values of (1 +;£h) (;;h)

in equation (42), or the similar expression in (43),

/
b o being pub equal to n,; and we perceive that

It d
the effect of the velocity of approach is such as to in-

/i -
crease the. coellicient from ¢, to ¢, {1-1— ; }1} for orifices
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sunk some dlstnnce bclow the surlneo, nd o

R
*'{(H‘ )‘“(/q) ]

for weirs thn /z ig tho height duo to the velocity of
apprmch /i the depth of the eentro ol the orifig,
and %, the head on the weir, A low e xamploy, H]lDW-
ing the application of the formulw (41}, (12), and
(43), and the application of TABLES I, 11, 1L, ang
IV, to them, will be of use. Wo shall suppose, for
the present, tho velocity of approach », Lo Do given,
and no extra head be requived to maintain it through
t_]lB oriilce : ill D!Jllﬂl‘ worills whon .fz-“m Htr;):imm[_j'ﬁ
= 017 »? in fect measures nonrly. |

Examere I A reclangudar orifice, 12 dnches wide
b y 4. inches deep, has its centre pleceed A feel below the
surface, and the water approaches the head with o
velocity of 28 inches per scconed ; wwhat s the diss
charge ? TFor an ortfico of the given proportions,
and sunk to & dopth neoarly four times its length, wo
shall find from TAnLy I,

G106~ 037 | .
i "-jmmé-w R YA | llﬂlll‘]y.

As the coeflicient of velocity, equation (2), [or water
ﬂUWlﬂg in a channel is about 066, wo ghall find,
column No., 3, Tanrn IL {ho ]unghb fe=15 = 1125
inch nearly, corresponding Lo the velociby 28 inches.

Equation (41),
n*-A\/ZJ h X cd {J +/£”}ﬁ

" now hecomaes.
p=19 %40/ T 5T x 021[1_,Hl.!?f‘]‘i'f
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-

Wo also fndn/2g 4 =192:G inches when - 4 =48

inches, Lanra I1. 5 therefore -
=12 x 102621 {14

— e 8 3 621 { L4028 e thdd, '8 3¢ () 21 % L0110,
(as {10234 =1-0L16 from “Lanny TL)=1244-8 X,
'628 nearly = 68067 cubie inches==336 cubie feol
per secold, Or thus: "Tho value of <621 % (1-0234)
being found equal G628, no=A X (28 9 y X148, Now
for the coclliciont "G28, and /=48 inches, Tanre 11,
gives (AR r/ X AR = 12006 inchoes 3 Teneo wo
gob p==12 X 4 X L2006=HBR06-08 cubie inches =136
cubic foel, the same ag belove, tho difforence <38 in
the cubic inches being of no practical value,  If wo

Ok

find %, from the formula A, =5 e =26 inches, then
m‘. l.l.

we shall geb »==3-41 enbie foel nearly,
CIf the centre of Che ovifleo wers within L foob of
the surface, the offcelt of the veloeity of sppronch
would De mueh greater 3 for then
1. AN s ok
g K {1 -} 2‘*}% = (Irom Tavre 1) (23 [ﬁl. I -‘1-1:?}&
= (from Manwr TIL) 623 % T-OAT = 662 inglond of
628, In thig cnse the disechaveo 1 p =12 %A %662
Vig X 12 =12 x 4 x 652X 96 'l(ll-nm”mu n L)
= 12 X 4 X 628 = 3004~ eubie inehes == 1744
Ouhiu {'lmls pur geeond,  Or wa nay I‘uu’l thoe value of
The vuhw of (: x/" r; X l‘l‘ - {:(MS 28
The value of :hh \/ af/ >< l = G414 <GH2
88 : DBy 24281,
Hence 662 v/2 g b = G048 -+ 231 = 6279, and the
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-’ di}aehm*gg =12 % 4 X 6279 x 301392 cubic inches..
= 1744 culbic feet per second, the same as before.

. 2
- If we tike A== 2?; »— 20 inches, we ghall {ind » =

l 833 cubic feet ﬂemly

Bxaxprg I1. A rectangular notch, T feet long, luas
a head of & z"ncﬁes measured at about 4 feet above the
orifice, and the water approaches the head with &
velocity of 16} inches per second ; what s the dis-
- charge? Tor a still head we shall assume ¢; = *628
in this case, and we have {rom equatinn (42)

2 8 b ]"’n A%
p=ghvIgh X e |(L+7) -( )
Ag in the last example, we shall find from Tasrz 1L
(%,) the height due to the velocity of approach (163

inches) to be g = 0+375 inch, assuming the coeilicient

of velocity to be 956, We have, therefore, #, =

376, oy =8, ¢, = 628, and A = T X 12 X 8, or [or

/ .
measures in feet 7{- = 047, }, = -‘E—: and A =7 % i
&y

“hence
~. 2 : 2 O4TNE — (04713
=2 XTX E\/2g X =X 628{(1 04.7)% —(047) ]
The value of (1-047)% — (:047)¥ will be found from

TABLE TV. equal to 1:0612; the yalue of 29 X j

will be found from TasrE I1. equal to 6562, viz. by
dividing the velocity 78-630, to be found Dp]]ﬂSltl} 8

inches, by 12 ; hence

2

=X TX = X 65562 X 628 X 10612

2

== X T % 4368 X 628 % 1-0612
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X T % 4368 X ‘666 nefuly

i b0 f::]n:.-

7><2909-—-7><1939 .'

= 13673 cubu., fect per second — 81488 cublc feeL
per minute, Or fhus: From Tasre VI, we ﬁnd
when the cocfficient is +628, the discharge fmm &
weir 1 foot long, with a lead of 8 inches, to be

109+731 cubic feet per minute. The dlschmge for
a weir 7 feet long, when ?- — 047 is thereforo
109781 X 7 X 1:0612 = 815°12 cubic feet per
minute, The difference between: this value and that
before found, 81438 cubic feet is immaterial, and hag
arisen from not continuing all the produets to a suffi-
¥
cient numberof placesof decimals, IfA, = J; o 8'7

inch, then o = 1461 cubic feet per second nc'uly.

Wo have, in equations (36) and (37), pointed out
the relations between the channel, orifice, velomty of
approach, and velocity in the orifice, viz.

w A W D e =
*xwu,fmc — dng zgcz,mwnm W=

(neglecting, for Lhe present, the coeflicient of velocity

in passing through the orifice). As v, is the actual

velocity in the orifice, 'EE must be the theovetical
i

veloeity due to the head % + A, and therefore

. v d7 Y% _ % hance
L+ B = and 2 =
"l X 2y’ € X 24 2,9
2,2 . Q %
: T v 1 —[—G;Efv ¢? — ¢} A v} T A
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~We have hence

. " Ry by *'1I Ag
(4:4“) : I’L {’_, — {J A‘I j

substituting this value in {,quuu(mﬁ (41) and (42),
there results

.‘i!

¢ r"D :: N ~/2 lt':f /ﬂ x ¢, { __,__ ”L...,..,. ﬂ..] {}11}

(45) 4ZD = A ‘\/ Z 1Y) /L X “"—""il"“:'"%ﬁ
| .l. . f“'llﬂ)

??E

. . -

0 o L
in which m = -, for the dischargo fromt an orilico af
some depth, and for the discharge from & welr,

(6 D—MA\/z‘/ﬁ“ X G“{( o T*l'i, )ﬂ (m ina)ﬁ}

The two last equations give the discharge when the
d

ratio of the channel to the orifice R 14 Jknown,
and also when the whole quantity ol water passing
through the orifice, that due to the velocity of approach

as well as that due to the presswre, suflers « controe-
. _
u

tion whose coefficient @s ¢,  When b, = Yy % o that

is'when the velocity of appronch «, ]}H-HHLH._L]ll'l}llgl
the orifice without contraction, we shall ot
Ly . A2 1

iy - u— --'Jﬂ-‘.-..-.‘-l- el

T A S T

L

', consequenﬂy, in this case, equation (45) heﬂmnes

1

(ba) p=aV2gh X e X (Lo |

' 'mrl equation (46) in like manner clnm;aca into

(46(5)1)-_*11 \/ijfuxf-nx {(1 'I‘m .._1) (?},} - 1) }
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Mo last members of these two equations are tho
ame ag tho liko membors i (d6) nnd (40), when
o, within the brackets = L5 consequently wo shall
asily findl thei values for the eooflicient T in :tha
ash page of Lamrm V., for the respoetive valugs of

/ b, ]

poe= - and also for thoso of /‘ — Whun
A h
= 1, equation (45 )muy ho vhungml an

L (m

\ }
s is the equation of Daniel Bornoull, and only o
articular cuso of the one we havo given,

| "’ﬂ. B

i — ) 2

| "
If wo pub e == i tho values of {l -

,14 “ : f
ud of {1 -~ . f,,,}h - [m tif }"’, respoetively, can
o casily heul from Tavrwg IIL wnd 1Y,  Wo have,
owovor, caleulnted "Pantm V. for dilfoxont radiog of
18 channel to the ovifice, sl lor difforent valuoey
[ the cocflicient of disehwrge,  This table givey alb
nce the values of |

r"{l *) N g

e ! . _ ca )u ( Ci )}
'f} “mlf"[(l ¥ et - i

3 now cocllicionts, sl the corresponding yalue of

hy o1 .f".n.__. (i "
I Ny T

h 1 Al
* N r r\....-'.-i gy .- .. - . [RPTS — P
W h”n f, ~ m? n‘

— —

oL shall have in Fxases 1,

o hu fn u g .
= Ll (1 s M —_ (,:h e L83, Lams LV, (ov
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It is equally applicable, thoreforo, 6o oquations (41)
and (42) as to equations (4h) and (4G). Ifor in.
stance, we find lere ab once tho valuo of (28
{(1-047)-3 — (-O-fL’Z)'g'} in Iixamrrr L, p. 104, equal
to ‘660, as %": 047, and the noxt valno to it for
the coeflicient *628, in the table, 1s 046, opposite
to which we find 666, the new cocflicient sought,
The sectional area of the channel m thiy case, ag
appears from the first .column, must bo about Chree
times that of the weir or notch.

CTamre V. is ealenlated from coefficionts, ¢, in still
water, which vary from 650 to L. Those {rom -G08
to *650, and the mean value 628 are most suited lor
application in praectice, When tho channel is equal
to the orifice, the supply must equal the dischurge,
and for open-channels, with the mean cocllicient
‘628, we find, accordingly, from the table, the now
coeflicient 1+002 for weirs; ovr 1 very neavly as it
should e, Wo also {ind, in tho game easo, v.i'/.. when
A = ¢, and ¢, = 028, that fov Fpevi e
short tubes, fig. 18, the ve.
sulting mnew cocflicient bo-
comes 807, Thig, as wo
shall aflterwards see, agrecs .
very clogely with tho experimental results.  When
the coefficients in still waler aro loss than ¢ 28, or
71]101‘@ correctly ‘02726, the orifice, according to our

Tasrz V. for the coofliciont 1) Moneo in this caso 038 x
1’138 == 712 tho noew coefficiont suited to Lho volocity of
/|

approach. ITero of course h, = 53': i (300 Noto p. 09),
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ormula, caunot cqual the ehanmel wnless othor ro-
istanees balko pluee---ag from frietion in tubes longor
han one wicd o hall or fwo dimnelers, or e wido
restod weirs 3 and for greator cocllicionts the juncs
on of the shorb tube with the vessol must bo
ounded, T, Ldy on ome or e e s
wre sides @ and 1 woirs or ¢
otehes the appronehos must
lope Trom the erest and ends
y the bottom and sides, and
e overfall bho sudiden,  Tho 0V ViR )
mverging form of the appronches must, howover,
erease the velocily of appronch; and  thereforo

: - A :
ig groater thul o X », whei ¢ is nieasured betweon

ey

J

o mid » o, Fig, 14, to fiml tho discharge, or now
ellicient of an orifice placed ab » o.

Ag the cooleients in Tasry 'V, wror suited  for
iflces ot the end of shovl eylindeieal or prismatic
bes ab vight angles to the sides or hottom of o
storm, o corroetion 18 vequired whon the junction is
unded off as ab = o 7 0, g, 1.1, When the ¢lan-
Pig equd Lo the orifive, the new coellicient in
uation (46H) beeomes

f', Y 3
f;“{ l."!*" I -:I oy o' P [ 1 f'ﬁl '
o veloeity in the short tube Ifig. 14 19 to that i

Loy |
» short tube Ifig, 13 s 1 Lo oy ]Jm J] nearly, or

“the mean valae ¢ = 628, as 1 to 807, an, 04

8 asstumed equul Lu i tho eylindeical or pris-

H
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807 ¢
A

matie tube, Fig. 13, =7 10 the tube g, 14

. 4 7y
with the rourided junction, for v, becomes g7 honce,

in order to find the discharge from orifices at the end of
the short tube, Fig. 14, we have only to multiply the

- | | '+ 0 "I : . .o y
numbers representing the ratio - in the first column,

| R 1 4%
TasLe V., by ‘807, or more generally b.Y Gy {I } :

e — ¢
ond find the coefficient opposite to the product,
. 0 RS
Thus if ¢, ; 628, we find, when y = 1’. 0y { N -,-,-_-cﬁ} |

. | ' . r. . G | -.
— 807 in the table. If, again, wo ‘suppose X':....--S,

-

then 3 X 807 = 2421, the value of -E“ for tho .illi_lbﬁ

Kig. 14, and U}Jposite this value of -?;, taken in"column

1, we shall find '651 for the new coeflicient. Ifor tha

cylindrvical or prismatic tube, Fig. 18, the new coofi-

cient would be only '642. When the head %, is how- -
‘U‘E

ever equal fo 29“0.;, the results must be modified
: : d

accordingly (see Note p. 99).*

* Professor Rankine gives the value of the coefficient of dis.
charge, or contraction, for varying values of 4 'and ¢ ata dinphiragm
i & pipe by the formuls,

o 18
d (1—~018x ‘;D'&

A A
"'1?'#.’11@.11{—_:I =2 Q, 03== 1; and when.a =2 1, 0, = 018 ; as it should ho

very nearly for an orifice in a thin plate, to which only, and to 4, in
the short tube, Fig. 14, the formula i3 suited (see Surorron X).
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PRAOTIOAL FORMULE FOR THE DISCIARGE OVER WRIRS,

In order to reduce the preceding formulee for.
weirs and notches to some of the forms in common
use, with deflinite” combined numerical coefficients,
by substituting 8:025 for +/2g, equation (39) be-
comes for feet meagures

(A D,=685 ¢ 7 { (-1, )R},
and for inch measures, as 29 =278, the dig- -
charge, takeu also i cnbie feet, becomes

(B) p, ="01072 Ca b {(fy— 1, )sf—f.a ﬁ}

“When the length  is talcen in feet and the depth in
inches,-we shall ll'WG

(0) D, = 1287 ¢y I {(ly—h, )ﬁ--fa 1
I‘he three last equations being for seconds of time,

we shall get, when the time is taken in minutes for
[eet measures, the discharge in cubic feet

(D) D,=821 0,2 {( ﬁ,,—]—k % Za"ﬂ}
‘o1 inch measures
(B.) D,=6433 ¢, I {(7+ h)¥— A2},
nd for lengths (7) in feet and depths in inches
(B 0.=TT2¢4 1 {{I,+ h)F—1, ).
Che latter equation, when the coeflicient of dlscheu e,
2, 18 taken at 614 becomes

D, =44 {(Ah-{—/"&)J‘-—-A %}, and
(G.) {p =474 777, when the veloclty of ap-
| . proach vanishes.

‘or o cﬂefﬁclent of 617
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D, '““4 761 {(fah—l-la*‘)’ﬁ'-—k ﬂ} 51,11{:1
D= 476 7 4% when the- veloclty of ap-

proach’ vanishes.

. For a coeflicient of ~623

p,=—=481/7 {(!eh-}-ls )fm-]s, *r} and
{D 481 1 /i* W1t11 no pel ceptlble appronch,

(H.)

I‘ov a2 coefficient of 628 S -
{Dﬂ_.-fl: 86 I:{(l+n, )‘F-—-—Zz #1s Euld
i

=485 7 47 withno ) per ceptlblc appmach |

cient of 648 - .
1y [P =0 ¢ {(]e,,—{-la )"f—-—-k J}! and ,
(L) {D._5 ! ¥ with no pelceptlble approach,

For a coefficient of 2 or 667 ..
. D. =514 Z {(]gh-|-ﬁ ‘-‘ -——-7& "9"}' and - .
(M.) {D_.ﬁ ‘14 7 /% with no perceptible mpprozmh

For a coeflicient of 712
N D, =65 3{(&1,-}-7!5 yi -—*Fa 3!} and
(M-} 1p=6.5 1 4% with no perceptible approacl,

-And finally for a coefficient of *81
| D, =63 Z{(Ah-i—ﬁn)‘}-—-ia ‘ﬂ'}tanﬂ
(0.) {336-3 { ;= when the velocity of approach
vanishes, |
The theoretical value of 2, in cach of the foregoing

equations ig in terms of the velocity of approach v,

vy

]Erﬂ — 2‘&3

For a coe

in which 2 ¢ must be taken equal to 64+403 for hoads
in feet, and equal to 772+84 for heads in inches. But
it is evident that in order to produce the velocity
per second v, passing through the notch with o
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nearly Btﬂl-water ’oasm ﬂ,bove 1L ﬂl’hﬁ L, must be
,?‘3 a

| . 'U ' .
mcreased {rom 1Ls the@retml value 2—-5 97 q

which exl:u'esslon ca is the 'coefficient of discharge
clne to the parbleuhr noteh, or weit, ~and its attendant
mmumstmcaa whence WE: must take

(P) kﬁ — c{{?g ?_he?letgil heqd
Now, 11nquestmnab1y, the most general coefficient
yoth for notches. and submerged orifices, in thin
Jlates, for g&ugmg, whether triangular, l*ectmnnulﬂr
w eiveular, 18 617, whén the orifice or noteh is small
wmpfu'ed with the ‘Lpproachmg ch%uncl whence for
neasuies in feet | |

N kn:‘OLOB vn, El.lld v, =495 Vb,
for. measures in inches, =~
o hy=-0034 2% and v, =172 /%,
.nd for measures in which v, is expressed in feet per
econd, and /4, in inches | | r
by =49 Y and v, == 14344,
ly substituting these values of %, found in terms of

1e approaching velocity, according to the standards =

sed in the cquations from (A) to (¥) inclusive, and
so in cquakion (u), we shall be enabled to find the
roper discharge from a notch in a Zhin pZate' The
ues of 4, equation (p), can be found at once in
ches from the observed values of »,, t6 be m]sa taken
inches,for coeflicients varying from ‘554 to 974, by
eans of TanLg IL, Thus, with a coefficient of 617,

2 shall find, for an approaching velocity of 36
ches per second, that A, becomes 43 =44 inches’
arly, while for a coeflicient of 666, it is only 34 =

1
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3-8 inches: and for a coefficient of 1, the theoreticyl
head is but 1%-_: 17 inches nearly,

From the very nature of the case the approaching
velocity must continue nearly unimpaired through
the noteh with but & very slight reduction arising
from the viscidity of the water when it enterg (ho
aperture, and separates from the lateral fluid, Dt
in order to give this ummpﬂired velocity by meang of
an extra head 7%, it is evident that 24, must be in.
creased above the theoretical value by the ‘amount
due to the coefficient of discharge;' or, as Defore

’ a2 2
stated, /i, must be increased [rom % to E{%”—(}" ITl}is *
value of %, is, perhaps, something too large, owing
to the reduction of #, at the moment it enters the noteh
and is acted upon by the overfall, drawing it away,
as 1t were, from the lateral water ahove the crest.

The numerical results of the respective formulm -
from (A) to (0), inclusive, can be obtained by modily-
ing the form as in equation (4:2) into

f' Dp=D X {(1+73b) (Ah) } o1,

% .
. L D=6 X 2 Mh\/‘zlghh P [(] -} ;;E )g—“(j:‘:)}}
in which pis the discharge foﬁrid, when there is no
velocity of approach, by the common form =35 X
¢y ! A%, for which separate values are given i1 equas.
tions from (m) to (o) inclusive ; and numerical values

in Tanre VI, ; and {(1-[- 7 h) (k“) }EL multiplier

suited to the velocity of approach, the values of
- which can be found from Tansrr IV. Suppose, fo»

e,

(Q.)
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example, p = 158'1 cubic feet per minute, /4, = 10
inches, and /%, — 4 inches, which is that due to an
approaching velocity of 38 feet per second with a
coeflicient of ‘048 ; then the multiplier becomes
1 —|—__*:L)”'3‘_.. 48 = 14035, TasLe 1V. Hence the dis-
rharge due to an approaching velocity of 3 feet is
1681 X 1'403D 7= 221'9 cubic feet, or an increase of
wbout 40 per cent. Also, if the common formula
vero used, it is plain that the coefficient ‘648 should
¢ increased to -G48 X 14035, or to 909 nearly,
vhich apprommtes within 10 per cent, of the
heoretical value. Nothing can show more clearly
he necessity for varying the coefficients when the
irdinary formula are used, even for a notch in a thin
Hate: for other  notches the coefficients, even for
till water above the crest, vary considerably.

The form of tho equation used by D’Aunbuisson
nd several other writers is |

(IR.) D, == 0N} - c? /2
n which o and ¢ are numerical coellicients, and v, the
clocity of approach, This form is incorrect in
rinciple, although the values of ¢ and ¢ can he so0
ken ag to give resulting values for b, approximately
orvecl. Ifor [cel measures, and time in seconds,
'rofcesor Downing malkes, after D’ Aubuisson, p, 87
f his translation, |
D, == ¢y X 535 1 o/ 7 03494 02 12,

loctor Robinson* gives {or like meagsures and fime,
ues Vm'yinn* fmm

D, =3 2Zx//ah—[— 1385 *z:”?.ah.

# Proceedings Royal Ivish Academy, vol. iv.p. 212, 18086 4] is
o times the theoreticel head, and too much,

13



116 THE DISCHARGE OF WATER FROM

Mr, Taylor finds (for the Government Referees, sco
Report on the Main Drainage of the Metropolis,
13th July, 1858, p. 32) the discharge in cubic feot
per minute, when the depth is tﬂken in inches, and

the length in feet to be,
D, — 55 IV B
and the Messrs, Hawksley, Bidder, and Bazalgotto
assume, (p. 33 bicd,) for hke measures,
D, =51+ /5L 1876 2 ]zh,
which tliey consider is in “excess” = The following
table, copied and extended from the report just
referred to, shows the results of the last two.
formulee, and of our equations (1) and (x), in whicl
the depth, /,, must be taken equal to 10 inches,
and the length, / equal to 1 foot,

Mmm velocitins appronching tlm noteh in feot per annnmi

and digcharges In oublo foct peor minute,
Formula,

—

0 ‘b L 1 2 Jﬁ i

— i - Tris

b, =04k g TG0 2G| 10811 168 | 1605 | 1614 164 | 167 | 191"

Equation (1) when the
"ead, hﬂ, due to tho ve-
ocity . ‘'of appronch is
aken'at only its theo-
retieal value .

Equation (1) when the }
|

1681 15602 | 102-1( 1068 173 [ 180 IHﬂ'.

head, k_, due to thio ve-

locity of approach is in-
crensed for the coeili.
ciant of velooity 648

1581] 160 | 167 | 177 ¢} 100 | 206 | 22y

Flquation (8) when the
head, s due to the ve.

loeity of approach ig
taken at only its theo-
vetieal value . . .

1730 176°1| 1783 | 1835 100-1| 1983 | 207N

Equnation (x)when the
head due to the volovity |
of approach 18 inerensed 1 173907 17¢ | 182 | 102 | 204 | 218 | 24
for the cosflicient of ve. "
Iﬂ[}itj" 712 . ' v )

D, =80y/RS 4 BoZhE | 1730| 17571 180:8| 1880 100°8| 218 | 208
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In equations (n) and (¥) we can get, Tasry IT,, the
values of the head, %,, due to veloclty of approach v,

as follows :

Va == 'f, 1, 18, 2, A5, '-B'O; in foot per socond.

Jrg = -0OL7, 186, L1, %40, 1-10, 1+08; theorolical lignd in inchos.
Then | |

Mo == 111, 447, DD¥, L%7,  R%0, 4+ for a coeMoiont of 648,
and - |

Fro == -003, 800, 893, 147, 280, 891; for a coofiiciont of <712,
YWhence as A, == 10 mclies we shall have in equa-
tron (),

ha
?!n.

ancl

h“
Fi' Iy

and hence, b}?‘ means of TasLe 1V, (1 T /&) (ﬁ
b

011, '[]'-LE', 1, ‘18, 38, d; for n coeMiciont of 048,

Qo0, 037, 088, 15, 28, 33; for a eoefficient of *712;

)y

b

bacomes of the following respective values suited to
the above veélocities, -
1015 L1060, 11822, 1906, 13, 1408; for » coofficient of -G48,

%
r

and | | | o
1018, 1049, 1104, 1176, 12564, 184 for a coofficiont of +712.

Fhese latter values multiplied in order by the initial
ralues of the discharges, 158:1 and 1739, in‘the
whove table, give the discharges in the thlrd and
tfth lines corresponding, due to the respective velo-
itics of approach.

The accordance between the results in the last
wo lines of the table is remarkabie, Tasre V.
hows that if the cocfficient he 617 when the water
bove the crest is still, it will be increased to -712
‘hen the approaching channel is about 1'83 times
he section of the water in the noteh, If the arrises
I the two-neh thick waste board be rounded,
le coofficient must also be congidorable, although
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cortain; but ag the equakion b, = 5-63//i - g i 8

pears (0 have heen framed by Mr. Loaylor, Go
press speceial experiments mwde for Mr, Simpson,
which the quantitics varied from 6 Lo 152 cubie
¢ por minute, and for hends on o four-loot woeir
rying from 1 inch to 8 inches,* wo must coneludo
y coellicient for hewds measured from still wator
swvo the evest in Chose oxperiments suited to the
m of the weir nsed, and its allendant eireums-
nees, 18 712,

T'ho equations (34) awd those [rom (4) to (0) muy
casily changed into forms in which only the
ith 2, the veloeity of approach, and the coclticient
veloeity (in thiy case cqual to that of discharge) e,
ntroduced,  Itis, however, only neeessary heroto
uee tho general form (A) p. 111, for feot measares,
ich becomaes, aller substituling lor A, it8 value

V- . "y
>< 2y and making some veduetions,
I\ X

0,=0360,% (- S5 G ) (e Gl - 03) =} )
. f
., Dﬂ; —_— OJ 0 i I / {([]'1 Wl !”ll /fh + ?}n 'U“} }

\
| for time 11’1 minutes the diseharge iy

( l
Dy T I {(Gkd e}y - vy —l}

which », still continues the veloeity in feet per
md, ag determined (rom observation, ‘Lheso {or-

Vldu p. 22, Latler dated Toth Augost, 1858, from the
anmant Reforees Lo the Right Honwe Foed Jolin Manners,
10 subject of the Molropolitan Main Prrinege.
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L

. muls may be again reduced to many others, T we
take A, in inches (1) beeomes

(U) D,== *“"*621 {(lj 37 ¢f My, 4 ‘nﬂ)-‘ —) }

Mz, -Pole, in & lotter to Mr, Simpson and  Captain
Gﬂlton &h‘e%dy reforred to, g,wu:% {h(a special value,
s = 1067 {(3 7y, + w“ — M}

which corresponds very closely with the experiments

madu for Mr. Simpson. If we assumo ey = 719,

which also closely corresponds with Lhoso expert.

ments, our Pquﬂ,tloll (U) becomes lor them
Dy = 14226 1 {(2°T2 ], - v} .

but thé amount of the dischargo must always depend
on the coeﬂigiént ¢, equation (U) suited to the speeial
circumstances of the case under consideration,

The form of equation for the discharge proposed
by Mr. Boyden* includes tho effects of the end con.
tractions: itis ""

. D= 0{l—bhn )b
in which 0 = %¢, v/3 g%, » the number of ond con-
tractions, / the length of the weir, 4,. the hend
measured from the surface of the walér nhove the
curvature of approach, and & & coellicient dué to the'
nature of the end coniractions, 'T'ho mean nume-
rical exponent of this formuln, derived Ly IPrancis
from his experiments, is for fect mmmw 08, por second,
D =833 ({—1nh) Ju2t,

" # Trancis's Lowell Ilydmulm Inxporimonts, p. 74.
‘|'Ib1d p. 118,

}ﬂ. ' “*h | .,'..-
el e r’ﬁ’ihfgépu

ol

1
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; tflﬂ valne of o voaried feom 349308 to 33617,

wao resulbs give correspouding valuey of ¢, = 617

628, andd when o= 393, g 623, The expert-

abal resulls compared with this formuln have heen

wwred o ab pe 83,

rancis’s. Lowell experiments on o woodoen dam

foet long, lovel wd 3 Teel wide ab the erest, with

ead slope of 8% to 1 in a channel 10 feelb wide,
3, for heads between 6 and 20 tches, w moan:
. [eient of 663 or *H6b.  Lhis for feel monsures

1d pive for the dischavge per gecond

_ = 302 48,

- preater depths, on this width of erest; the dis-
¢ go would prohably vise ns high as 3145 ov 83 4%,
soection of the danm was the same as thal oreetoed
ho Tssex. Company acrvoss the Mervimack River,
Lawrence, Massachiuselts,  See, also, tahlo of
icients, p. 80 | ) |
L equation (1), ppy 64 and 65, wo havo givon o
al expression for the value of » throngh o Gri-
Jor noteh,  Professor Thomson, of the Queon’s
we; Bellust, in o papor read ub (he British Asso-
o ab Lieeds in 18068, sy :—
Iho ordinary reelangular notehes, accuratoly ex-
p nented on ay they have been, ab grent cost and
v high seiendifie skill, in various countries, with
t siew of determining tho uecessary formulay and
e cients for their application in practico, are for
7 puposes suituble and convenient,  Phey are,
hewer, but i) adapted for the measurement of very
vt blo quantities ol water, such as connonly oceur
to e engineer to bo gauged in vivers and strewms,

1 ™

s T T e

Ty = 05
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If the rectangular notch is to be made wide enougl
to allow the water to pass in flood times, it must bo
80 wide that for long periods, in . moderately dry
weather, the water flows so shallow over its crest,
that its indications cannot be relied on. To remove,
in some degree, this objection, gauges for rivers or
streams are sometimes formed, in the best engineer-
ing practice, with a small rectangular noteh cut down
below the general level of the crest of a large rectan- .
gular-hotch.  If now, instead of one depression heing
made for dry weather, we use a crest wide enough for
use in floods, we conceive of a large number of ce-
pressions extending so as to give the crest the
appﬁa-rélﬁee of a set of steps of stairs, -and if wo
conceive the number of such steps to become in-
finitely great, we are led,at once to the conception of
the triangular instead of, the rectangular notch. The
principle of the triangular notch being thus arrived
at, it hecomes evident there is no necessity for
having one side of the notch vertical, and the othor
slanting; but that, as may in many cases provo
more convenient, both sides may be made slanting,
and their slopes may be alike. It is then to bo
observed, that by the use of the friangnlar noleh,
with proper formulas and coefficients derivable by
due union of theory and experiments, quantitics of
running water from the smallest to the largest may
be accurately gauged by their flow through the same
noteh, The reason of this is obvious, from consider-
ing-that in the triangular notch, when the quantity
flowing.is very small, the flow is confined to a small
space admitting of accurate measurement; and that
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space for the flow of water increases as the
tity to bo measured increases, but still continues

as to admit of accurate measurement.
farthoer, the ordinary rectangulay notoh, whon ap-
for the gauging of rivers,is subject fo a serious
tion from tho difficulty or impossibility of pro-
taking into account the influence of the bottom
a river on the flow of the water o the noteh,
wore practicable to dam up the river so deep:
the water would flow through the noteh as
ning from o reservoir of still water, the difli-
would not arise, This, however, can seldom be
in practice, and althongh the bottomn of the
may be so far below the crest as to produce
ttle effect on the flow of the water when the
ty flowing is small, yet when the quantity
os great, the veloaby'of approach comes to
a very materinl influcnce on the flow of the
but an influence which 18 usually difficult, if
npracticable to ageertain with satisfactory ac-
‘In the notches now proposed of a trian-
form, the influence of the bottom may be
cd delinite, and such as to alfect alike (or af
oy some law that may be readily determined
periment) the flow of the waler when very
or when very great, in the same noteh.
othod by which I proposc that this may be
1 consists in carrying out a floor, starling
r from the vertex of the noteh, and extending
p-stream and latterally, so as to form a bottom
channel of approach, which will both be
“and will serve as the lower bounding surface
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of a passage of approach unchanging in form while
increasing in magnitude, at the places at least which
are adjacent to the vertex of the notch.  The floor
may be either perfectly level, or may consist of
two planes, whose intersection would start from the
vertex of the noteh, and would pass up-stream por-
‘pendicularly to the direction of the welr board ; the
two planes slanting upwards from their intersection
more gently than the sides of the notch. The level
floor, although theoretically not quite so perfect as
the floor of two planes, would probably for most
practical purposes prove the more convenient ar-
rangement,

“ With reference to the use of the ﬂom it may be
sa.ld, in short, that by a due arrangement of the
notch and the floor a discharge orifice and channel
of approach may be produced, of which (the uppoer
surface of the water being considered as the top
of the channel and orifice) the form will be un-
changed or but little changed, with variations of
the quantity flowing ; very much less Geltmnly than
i8 the case with rectangular notches,

“Whatever may be the result in this respect, ﬂlﬂ
main object must be to obtain, for a moderate
numbel of triangular motches of different forms,
and both with and without floors at the passage
of approach, the necessary coefficients for the va-
rious forms of notches and approaches selected,
and for various depths in any one of them 50 a8
to allnw of water being gaunged for pmctleﬂ,l pur-
poses, when in future convenient, by means of
similarly formed notches and approaches. The util-
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ity  the proposed system of gauging it is to be
pari  darly observed, will not depend upon a per-
fect zlose agreement of the theory deseribed with
the  periments, becanse a -table of experimental
coef ents for various depths, or an empirical for-
mul. lightly modified from the theoretical one, will
gerv 1l purposes.

“  one evident simplification in the proposed
syst  of gauging, as compared with that by rect-
angt ' notches, I would here advert, namely, that
in t1 proposed system the quantity flowing comes
to b v funetion of only one variable—namely, the
meas  2d head of water—while in the rectangunlar
notel it is & function of at least two variables,
name  the head of water, and the horizontal width
of th 1otch; and is commonly also a function of a
third  riable very difficult to he taken into account,

‘name  the depth from the crest of the notch down

to t1  TDottom of the channel of approach, which
deptl  rust vary in its influence with all the varying
ratios  sotween it and the other fwo guantities of
whicl e flow is & function,

“T  proposed system of gauging also gives facil-
ities i taking another element into account which
oficn  ises in practice—namely, the influence of
hack  ter on the flow of the water in the gauge,
when, 3 freqiiently occurs in rivers, 1t is found
impra 2able to dam the river up sufliciently to give
it & ¢ 1 overfall free from the back or tail water.
For a  given ratio of the height of the tail water
above 2 vertox of the noteh to the height of head
wafer ove the vertex of the notch, 1 would an-
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ticipate that the quantibics flowing would still e
approximately at least, proportional to the § powor of
“the head, as before; and & sob of cocllicients woul
have to be determined experimontally {or diffaron
ratios of the height of the head waber o tho height
of the tail water abovo the vertex of the noteh,
“ T have got soma ]'}1'ulimimn-v oxperinents made on
a right-angled notch In o ver tical plane htl‘lﬁlu‘ the
sides of the noteh making angles of 45° with the
horizon, and the flow being from a deep and wide
pool of quiet water, and the water thus approaching
the noteh mninfluenced by any floor or bottom, The
principal set of experiments as yet made were o
quantitics of water varying [rom about 2 to 10 cubie
feet per minute ; and the depths or heads ol the wate
varied from 2 inches to 4 inches in the right-angled
noteh. Tfrom these experimonts I derive the formulg
Q== 0817 ni,
where @ is the quantity of wator in enbic foet per
minute, .and 1 the bead ny measured. vortically in
inches from the still water level of the pool down lo
the vertex of the noteh,  This formuly is gubmitied
at present temporarily as being accewrate enough for
nse for ordinary practical pmrpoges for the measure.
ment of waler by notches similar to tho ono exper-
mented on, and for quantitics of water limited to
nearly the same range as those in the experiments;
but as being, of course, subject to amendment by
more perfect experiments extending through o w tder
range of quantities of waler.”
In the first edition of this hook wo gave the gene.
ral form of the equation for tho discharge through
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ngnlar notehes, widd algo showed the genoral appli-
on of the cocllicicuts *G17 Lo 628 Tor all Torms
rifices and notehes in Chin plates, <617, ag shown
oto . B0, gives n result identical with the prag.
1 pesults of  DProfessor Thomson’s oxperiments,
aorcat advantage of the trinngalar noteh for
aing is, that the seetions for all depths Howing
»are similar trinngles, and therclore the coelli-
t probably remaing constant, or nearly so, not
for one but for all species ol Lesangles, when the
I ab the open s nob very little indeed in propor-
to the width Howing over al the swrfaco,
e disadvantage ol the propesed Leinngular form
opression, i permanent in w daan, wonld be thad
wgular point should be al a lower level than the
g horizontal crest to maintain the samo level,
e, of the water during floods 5 wid Uierefora the
ool the water and hewd would bo roduced b
neriod whon' most vequieed for nill-power ov
rbion purposes ; thad ia, during dry wenlher,
draingge prposes thowinder Jevel or that du.
[loods, mugh evidently bo kept down, unless
the banks wre steep, wnd along vapids; bul
remarks do not apply to dwms erecled nerosd
wees or gireams where the hunks are, goncrally,
derably above {loods,  These renwkys volor o
long for permanent gnuging to lind tho reluliony
aporabion, ahsorption, wud diselnrge in given
ment arcns,  In noleh gnuging (o determine the
| effeet of water engines, rectangular forms in
plates have (he coeflicients alrendy well detoer-

, and the colealations nee casy,




)

128 - THE DISCHARGE OF WATER FROM |

DIFFERENT EFFECTS 0F OENTRAL AND MBAN VELOCITIES, °

There is, however, another element to” be taken -
into consideration, and which we shall have to refer
to more particularly hereafter; it is this, that the
central velocity, directly facing the orifice, is also
the maximum velocity in the tube, and not the mean

velocity. The ratio of these velocities is 1 : 835

nearly; hence, in the example, p. 110, where E-:. 3,

C,
we get 3 % 835 = 2:505 for the value of - in column

1, TasrLe V., opposite to which we shall find 649,
the coefficient for an orifice of one-third of the
section of the tube when cylindrical or prismatic,
Fig. 13; and 8 x 835 % 807 = 2-02 nearly, oppo-
site to which we shall get ‘661 for the coefficient
when the orifice is at the end of the short tube,

Fig. 14, with a rounded junction, . We have, there-

fore, Ex 835 equal to the new value of E for

finding the discharge from orifices at the end of
c¢ylindrical or prismatic tubes, andE X 8356 X ‘807

9 X ‘67 nearly for the new value of ; when

ﬁudlng the dlschaige from orifices at the end of a
short tube with a rounded junction, ’ |
The ratio of a mean veloeity in the tube to that
facing the orifice cannot be less than ‘835 to 1, and
varies up to 1 to 1; the first ratio obtammg when
the orifice is pretty small compared with the.secs
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tio )f the tube, and tha other when they zua
e [T

¢t » W B '
abs 3@ (A D) repre- J/
gen 1e pvdtio of the _
orif to the section - |
of t tube, and whose e .._..B‘
ord fes (be) repre- S
serd 10 ratio of the mean velocity in the tube to

that icing the orifice, to be a parabola, we shall
find 2 following values :—

—.-.-.-—_;.-_l-l_l ’

Ratio of the mean veloclty

AT o R
st otifioe, 5+ valaes of 1 o
A_Ab |
CTaAB dc.
0 165 -835 I
‘1 *163 837
2 158 ° -84.2
'3 - 150 850
4 - 139 +861
b 124 876
6 ‘106 894
7 084 016
‘8 059 ‘041
9 031 *969
1-0 000 IR GOO -
These ues of &c are to be multiplied by the cor- .
respoi  ng ratio E in order to find a new value,

"oppﬂs: to which Wlﬂ be found, the table, the

coeffic ¢ for ovifices at the ends of short pr 15111&’510'-
- |



130 T DIRCIARGE OF WATER FROM

or eylindrical tubes; and this new valuo again mul.
| 1 }%‘ -

%y Wil]

tiplied by +807, or morc generally by e { -

() T £ 1
give another new value of -, opposite to which, in

the table, will be found tho cocllicient for orifices

at the ends of short tubes with rounded junctions, .
E KA h[ PIJE I I I ) ]}I‘?fij al" ol T T fe e ::'.::..:'.'.1":;."..‘:':"I.' e R I I e e ey

BRI AISE (114 g [ —— ;

shall be ﬂZ{: dischow N Fig. 10.

from an orifice A, Fig, o

16, 2 feet long b.-y'.ll

foot deep, when {the

c .
value of ~ 15 8, and
the depth of the cendre
of A 1 joot G inches
. 117045
below the surface? We have p, == 2 X 1 x = =

(Tasre IL) = 2 x 9:829 X 10:6H8 cubic feet per
second [or the theoretical dischurge. Ifrom the table
on last page the cocllicient for the mean veloeity,
facing the orifiee, 18 about ‘86 ; henee :: X 86 = 3 ¥
‘86 = 2:68.  If wo take the coelliciont from Tasrr I,
we shall find it (opposite to 2, the ratio of the length
of the orifice to its depth) to bo *G17 ; and, lor this
coeflicient, opposile to 2:68, in Tasry V., or the next
number to it, we find the required cocflicient ‘636
hence the discharge i3 *636 x 196568 = 12502 cubic
feet per second. I we agsume the coofficiont in still
water to be -628, then wo shall obtain the new co-

% Seo p. 100, with reference to the modifientions of' equations
ua

(46} and (40} into (48¢) and (46e) suited to #, == oY ;‘E&'
. o Y
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nt 647, and the discharge would he 647 %
§ — 12719 cubie fect, I the junction of the
vith the cistorn bo rovnded, as shown by tho
1 lincy, wo huve to mulliply 2:68 Ly 807, whieh

U : ;
2:08 for tho new valuo o, opposito which we

find, in TAvri V., when tho fiest coeflicient is
the now cocflicient 65493 and the discharpo in
age would he «6h80 x 19668 = 129565 cubic
3 secoud,

3 nob neeessary Lo S —

T ek s oy e T e amanmre, Y i ..,J..':.'?."I‘Tﬂ
‘ R RN S DUSLY SN o w18 IO
wt velocity facing fioo o DR
S T F R 4 I
fice to more L]l“al] mesn ~m:i T S i
, : RSN A N
aces of deeimals, e RS
ange  notehes in oo oo
. e A bttt e i At
latoy ]'}]u.mu_l T L P p—

g and milleaces, g, 17, tho mean coelliciont
r sCHL water, may b agsumoed ; theneo the new

(]

anb suiled to the ratio C ey Do found, a8 i

¥,
it porbion of Iixamerw T1L  Wo shall Teavo
king oukb of tho results when 4, is taken eoqual

Lo the studoent.

LB IV, What shall be the discharge throwgh
ture Ay equal 2 foet by 1 fool, when the channel
¢ orifice as 8370 to 1, and the depthe of the
1020 foot below the swrfitee, takon at abond 3
ve the orifice?  Here tho coelliciont of tho
hing velocity is 86 neavly, whenee the new

O, ,
- 18 3370 x 86 = 287 ; and a8 ¢, = (I8

K3

)
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we shall get from TaBLE V, the new coefficient 644,
‘Hence

107689 o q 4 (TABLE I1)=2 X 8972 x *644

1%
= 17944 x '644 = 11556 cubic feet per second.

Weisbach finds the discharge, by an empirical
formula, to be 11:31 cubic feet. If the coefficient
be sought in Tanie L., we shall find it *617 nearly,
from which, in TasLe V., we shall find the new
coefficient to he ‘632 : hence 17-944 x 632 = 11341
cubic feet per second. If the coefficient *6225 were
used, we should find the new coeflicient equals 638,
and the discharge 11-468 cubic feet. O» thus: The

ratio of the head at the upper edge to the depth of .

D=2 x1x

the orifice iSf];='75: and from Tase 1V. we find

L=

(175)% — (-T5)F = 16655, Assuming the coefficient
to be 644, we find from TasLe VI, the discharge per
minute over a weir 12 inches deep and 1 foot long fo

be Eoﬂlﬁﬁﬂ_ziﬂﬁim = 206:884 cubic feet nearly; and

as the length of the orifice is 2 feet, we have

884 X 16655 ¥
2X7P ng T = 11:482 cubic feet per second, which
ig the correct theoretical discharge for the coefficient
‘644, and less than the approximate result, 11-6586
eubic feet above found, by only a very small dif-
ference. The velocity of approach in this example
must be derived from the surface inclination of the
stream. The working out of this example and the

- 2
increase of the discharge when 2, — 2;“ p will afford
d

practice to the student.
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‘o notches or Poncelet weirs the approaching
city is & maximum at or near the surface. If the
ral velocity at the surface facing the notch be 1,
mean velocity from side to side will be 014, We
- therefore assume the variation of the central to
mean velocity to be from 1 to :914; and hence
ratio of the mean velocity at the surface of the
mel to that facing the notch or weir cannot be
than 914 to 1, and varies up to 1 fo 1; the first
y obtaining when the notch or weir occupies a
rsmall portion of the side or width of the channel,
the other when the weir extends for the whole
h, Following the same mode of calculation as
. 129, Fig. 15, we shall find as follows :—

el e R B e e B o S e SR

= P4 B

s

Ratio of the ~ Values of Values of
b de g
 thechonnal Ifig. 15. Fig. 15,

0 ‘086 914
‘1 085 - 915
‘2 083 - 017
3 078 | 922
4 072 028
‘D 064 ‘036
‘G ‘056D ‘045
7 044, ‘956
'8 031 969
‘9 016 o 984
10 000 1:000

iese values of b ¢ are to be used as bhefore in

or rtofind the value of E—, opposite to which in the



134. PHE DISCITARGE OF WATER FROM

tables, and under the hoeatling for weirs, will be found
the new coofficient,

Examern V. The length of « weir is 10 feot s the
width of the approaching channel is 20 feel ;) the head,
measured about O feet above the weir, 18 Y inches ; and
the depth of the-channel 8 foet: what is the discharge s
Agsuming the circumstances of the overfall to be
such that the coefficient of dischargo for heads,
measured from still water in a deep weir basin or
reservoir, will be 617, we shall find {rom Tanvre VI,
thé discharge to bo 128642 x 10 = 128042 cubic
feet per minute; but fvom tho smaliness of the

channel the water approaches the weir with some
. C 20 X3 | |
velocity, and = - = 8. Wo have algo the width

of the channel equal to twice the width of the weir,
and hence (small table, p. 133,) 8 x 030 == 7488 for

0 . .
the new value of " From Tasra: 'V, we now find the

G292 1 624

new coefficient ~—-~— =043, and henco the dis-
, 128642 X .02 e . ;
charge 1g = 120893 cubie [eob por minule,

Or thus: As the theoretical discharge, 'antn VI, is
208496 cubic fecl, we gob 208490 x 623 = 1298'93,'
the same ag before, In this example, howoever, the
mean velocity approaching the ovorfall bears Lo the
mean velocity in tho channel a greater ratio than
1: 036, as, though the head is probby lurgoe in pros
portion to the depth of tho channol, the ratio of the

Lo A 1 . ¢
SBGtIOHSa=E is small, Wo shall therefore be more

correct by finding the multiplier from the small Btbblﬁ,
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4

_ e
9. DBy doing so the new value of R 8 x 838

704, Trrom this and the cocflicient 617 wu shall
ns before from Tav V., tho new coellicient to
97 henco wo gob 208406 x G237 = 130727
feet per minute Tor tho discharge.:

¢ foregoing solution tukes for granted that tho
ity of approneh is subject to contraction belore
ng ab the overfull or in pagsing through it ;
as this reduces the mean veloeity ol approuch
1 to 784, Tapni V., when the coeflicient for
Cin still waber is 0617, we have to multiply tho

" -
of - = G704, last Tound, by 784, und wo got
o (. .

x T84 = {20 lor Lthe valuo A e to Chis cors
n, from which wo {ind the covresponding co-
nt i Tanee V. Lo be <620, and henee the cor-
[ disehares is S084:96 x 620 = 131144 cubic

" N 1 * : ' l{, .

It ds to be borne in aind that the value of L
VL ds stmply an approcihnale vadue for the ratio
coclocity tn the channel fucing the orifice (o the
y dn the oriflee dself'y and o the corroctions
d in the loregoing examples wery Tor the pur-
f finding this ratio of veloeity moro corrveetly

. 1 {j 1 , ' 7 ! 4
ho simple expresgion gives it Lhe following
wry table will cnable us to find tho corrcetion,
heneo thoe new cocllicient, with facility, “Fhus,
channel be five Limes (ho sizo of the orifice,
loss in Ctho approaching velocity tulees place
to that in o short eylindrical tube, wo get




136 THE DISCIIARGT OF WATER FROM

AUXTLIARY TABLY, TO DY USKD WITII TADLH ¥, FOR MO NEARLY FINDING
THE QORFFIOINNT OF DISCHARAL NEAULY KUIVED 10 RQUATIONS (1§ q)

AND (46 a).

by
' t
8% EE Muttipllora for finding the now vloen of A At v, when
o

3 v gg-ﬁ oonteaotion or leaa of yeloulty,
3 G |
gz s g - [ T R R Wi [
- 'ﬁmg Coofo” [CpeMe™ ICuefin™ (oo Mo™ Lonle™ 1Coatia™ Cundiyyb
25 (BFERCaag, [ea8 [ 00T | 000 | B0B [ BNd | 7

835 1 00 [ 67 | 0p | 04 | 08 | 00 | o8
837 1 70 |08 | 68 | 0L | 62 | w0 |
849 | 70 [ 68 | 00 | 6L | 02 | el | e
gs0 | 71 |00 | cor {65 | 68 ) 61 | o
801 | 72 | 0D | 08 [ 06 | B | 02 | w0
g70 | 78 | v | on (6 | oo | 88 | 1
B0 | Tk | v | 70 | 08 [ 00 | ok [ n
v [ 1| w0 | v | oM ] o | 08 | g8 |
8 F ol | w8 | v [ om | v | w0 | s | oo
o | oap | 8L | v8 Lo | mt [ ova | w0 | s
10 [1000 | 831 | 807 | 784 | o2 { w40 [ w10 | .gno

b X ‘842 = 4-210 for the new value of i, opposito to

which, in Tanre V., will bo found the coeflicient
sought. If tho coeflicient for still water bo 606, wo
shall find it to bo 612 for orifices and 623 [or woirs,
But when the water approaches without loss of
velocity, we find from the auxiliary tablo +64 for the
multiplier instead of +84.9, and congequently the new

G | |
value of i becomes § X G4 == 82, [rom which wa

shall find *617 to be the now cocllicient for orifices
and *636 for weirs. "Tho auxiliary tablo i culeulated
by multiplying tho numbers in tho gecond column
(see’ third column, table, p. 129) by the value of ¢, X
{;%ﬁ}&, which will bo found from TasrLr V., for
the different values of ¢, in the lable, viz, |
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628, *GLT, ‘606, HOH, -H8d, and 573, to o
807, 784, T2, 740, T19, and GIY respoe-
, 48 pivenin Lho top and bottom lines of figures,

{"'l.t

en L, in equations (46) ehd (d6) is equal to

?H """"'('1

Cin equations (dhae) (d-.(ntr.), then g == 1,

'3

. Jr . '1 v B :
{1 + - - '__. f;} inequation (45) 19 equal to

-1

b} ;
}” in cquation (dhe); and ¢y {(1 -4

:I fri '.l 1 : ! "
ﬂ)ﬂ ( J.m.) } I equatiow 4Gy 18 equal . to

d

1 0
1-] ' . . L - . . |
}}?":1) -—-(?}lﬁ-;:-l-) } i oguation (d6a); and
v the cocfficiont Cound Mrom Tanre V. fov

?H - f;“

will give the multiplier lTor ey, outside Ghe
ts, in (dhe) and. (dGe), Lo find the new eosfli-
Thug in tho lasl nxluuplu 7] R ﬁ, andd heneo

V. for ¢p = 1, wo lmﬂ | | . }ﬁm 1021

R *-*-1) (m - l) o= 1066, Ioenco

6006 = 0L nowrdy 3 nnd OGS % G06 == 639
the now coollicients fonnd from the other
being GL7 wuel 636, Lhe difference by hoth
3 being of no greab practioal fmportanco.
necessary to observe, that i equations (46),
ja), and (d6a), the head due to the velocity of
or approach, A, must ho extra to the hewd /4,
parh of 16, and that-—as iy indicated Ly the
15— ¢t never bo so smudl ag unity,  Lheso
8 are not, therclore, sivietly applicablo o
m the short tubes, Iig. 16 and Ifig, 16, al-
i
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though they can be made practically so within definite
limits. The initial vglue of c, itself varies consider-
ably with the position and form of the orifice ; for a
mean value of -707 it changes according to the rela-

7ot per and for a value of
(1 —53)

‘G18 for an orifice, central in a thin plate, Professor
Rankine’s formula, p. 110, 15 applicable.

tion of ¢ and 4 into

In weirs at right Fig.18
angles to channels E———

with parallel sides, nyfé
the sectional area can ' ;;,W e
never equal that of [Toww = —fmpflllEN

the channel unless it be measured at or above the
point A, where the sinking of the overfall commences ;
and unless also the bed ¢ p and surface A B have
the same inclination. In all open channelg, as mill-
races, streams, rivers, the supply is derived from
the surface inclination of A B, and this inclination
regnlates itself to the discharging power of the over-
fall. When the overfall and channel have the same
width, and it is considerable, we have, as shall
appear hereafter, 91 4/ 4 s for the mean velocity in
the channel, where /4 is the depth in feet and s the
rate of inclination of the surface A 3. We have also

3; v 2 g h for the theoretical velocity of discharge af

the overfall, of equal depth with the channel, and,
when both velocities are equal,

VTGl =536/ T=91 %5

from which we find
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1

S """2“8— _ 00346

the nelination of B & when the supply is equal fo -
th( heoretical discharge at the overfall. If the co-
effi at at the overfall were 628, or, which is nearly
the ame thing, if a large and deep weir basin inter-
ver  hetween the weir and channél, Hig. 19, Aa

wol . be level, the veloclty of approach would be
des yed, and we should have

135 X 628 v/ =336 I =9l 1s;
and ence the inclination of A B

1

§ = = 00136

very early, When we come to discuss the surface
incl tion of rivers, we shall see that the conditions
here ssumed and the resulting surface inclinations
wou involve a considerable loss of head. If the
quar by discharged under both circumstances be the
samy  and 4 be the depth in the first case, Fig. 18§,

we ¢ .l then have the head in the latter case, Hig,

19, ¢ al 535) h =136 4 very uemly, from which

and 3 surface inclinafion the extent of the back-

wate nay be found with sufficient accuracy. When,

in T 19, the inclination of A B exceeds ~1— , the head

af @ st exceed the depth of the 11?&1 above A.
We 1 st refer to pages further on, Smorion X, for
some marks on the backwater curve.
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SECTION V.

SUBMERGED ORIFICES AND WEIRS.—CONTRACTHD
RIVER CHANNELS.

The available pres-
sure at any point in
the depth of the ori-
fice 4, Fig. 20, is equal
to the difference of the %*ﬁ‘%é o
pressures on each side, (G2 SRl 705
This difference is equal to the pressure dug fo the
height 7, between the water surfaces o each side of
the orifice ; in this case; the velocity 18 B

- ——
™

(47.) V=0 \/Q,—gfz.,;
and the discharge |
(48.) p=Idciv2gh;

in which, as before, / is the length, and o the depth
of the rectangular orifice A.

When the orifice is
partly submerged, as
in Fig. 21, we may
put by — A = dy for f————s % |
the submerged depth, |70 et igs |
~and & — 4, = d;,"the remaining portion of the Elelntha;
whence @) + dy =d is the entire depth. The dis-
charge through the submerged depth d, is e, d, X
;/ 2 g h, and the discharge through the upper portion
) 18 |

",j' Cag,\/% {;ﬁ-__ fat%} ;
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Y

nce the whole discharge--assuming the coeili-
b of discharge ¢, 18 the same for the upper and
ir depths—iIs.

) LdZ\/Qg{dg S//?» Py (71% ﬁt%)}

‘s may, however, equéuiﬁu{j,l) agssume that

-"3{13\/29 (A% —03) = ¢, d, 21/21/(]5___@

nearly, and hence

]:)"_—fz,ﬂZa’2 \/Zgia - cdld\/2g(kt__d"

d,
t—l— ._Jz.._a this equatmn may be changed

D=cyldyn 290+ c,ld, \/Bg (kt, e
ther of these forms tl;e values of

29 h /29(75 ._*%1), and ecq \/29 (—;f;t*l‘%‘l

e had from TasLe I1., and the value of the dis-
¢ D thence easily found. |
1en the water approaches the orifice with a
minate, velocity, the height %, due to that velo-
an be found from Tasre IT,, and the discharge
n found-by substituting A -|- Fa, and 7, + 7, fo
J, in the above equations, .
the submelged |
Fig. 22, 4 be- |=
3 equal to oy, and
) ; the discharge,
lon (4.9), then be-
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 (omaldy s Dyl Seldi N 2y iy on
(52.) 7 T O H

D = ) IV %gd, { (y |- 'l;'l{-zl }

When the wator approaches with o velooity dug
to the height 4, then 7 becomes & - Ay &y == by, and
equation (49) becomes

In the improvement of tho lllLVI;’;_!;ILl;H']'Il of rivers, il
is sometimes necessary to construct weirs so as to
raise the upper waters by o given depthy o, The
discharge » is in such cages previonsly kuown, or
easily determined, and from the values of ¢, and »
we can casily determine, cquation (02), tho value of

D 3 g
(54.) dy = eyt - ) ;
or, by taking the velocity of appronch into u{*(‘tmut

n a4 4 ) -e--wfz‘-‘
(59.) dﬂmr:f:/ zr;(n’l +- /z“) 8 W, - !z“
This velue of dy must bo the depth of the fop of the
woir below tho original surfueo of the water, in order
that this surfaco should be raised hy a given depii;
di.  When 2, is smfﬂl compm'ﬂd with (/y, WO may talo

d }'n — LI “ 3
(dith) = . /{{l i “in eqaation (55),

Exaene VLo A sdver whose width at the surface
s 10 feet, whose hydraulic mean depth is 4+4 feet, and
whose cross sectional avea is 325 feet, has a surfuce
melnation of 1 foot per mile; to what depth below,
or height above the surface must @ weir at right angles
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the chanmel be vaised, s¢ that the depth of water
mediately above i shall be inereased by 8% feet 7
When the hydraulic mean depth i -4 foet, and
yfall per mild 1 fool, wo find from ‘Pama VLI,
ot the mean veloeity of the river ig 29498 or 80
hes very mnearly por socond, The dischngo. is,
rofore, 820 X 24 = 8120 cubie fect per sccond,
48760 cubie feet per minuto, ITenco, -;-{i?] o
34 cubice feet, must pasy over cach fool in length
the weir per minute.  Asswmning the coeflicient
=628 in the first ingtance, wo find from FAwry
the head passing over a weir corresponding to
¢ discharge to be 274 inches; but ag the head is
e inereased by 8% feot, or 42 inches, it 19 clear
; the weir must be perfeefy that 1s, havo o clear
rfall, and rise 42 - 274, = 14-¢ inches over tho
inel water surfaco,  In ordor thabt the woir may
gubmerged, ov dmperfeet, the head conld not bo
oased by more than 27+ inches.  Tieb us, there-
, agsume in thoe exnmple, that the inerease shall
only 18 instomd of 42 inehes; the weir then
mey submerged, and we have, from equation (64.),
(‘[””' e 18" (us 1 = 1 foot),
628 4/ 18"x 2y 0
valuo of the fivst part ol Chis expregsion 18
d from Vantn VI, ov Pasrs 1T, equal o

1 MY
?9_2}2.,ffz'..*.,.,...u:w..W.,ﬂ };’3“}3L — 1-88 [eob = 2266 in, ;
> X 370841
30

6 2250 7= 10760 inchos ig tho value of dy;
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that' is, the submelged.mn must be 1)1111{; Wlthm
1056 inches of the surfice to raise the head 18
inches abwe the former level, If howa‘m Lho

velocity of a,ppwach he taken into account, we shall

8126
find this velomty equals 30 = — 9 feet 13{31' seeond

very nearly ; and the height, or value of %, due to

this veloclty, taken from Tasre 1L, s E = 70 111011&3'

nearly, therefore, fmm equatlon (55),

f‘:d 6964 . (1875)F—(75)%
o 628¢2J><1875ﬂ"§>< JIgT

The value of 6964 -~ = (from Tasre VI,)

628 v/ 34 X, 18:75"

6964 - _ 696 _ .84 feot — 9208 in,

S %22 x 30878 - 378
18776

2 (1875)F — ( 5)F_ 2 2 (7H)
also X VAT 'Hxl?’fﬁ' xx/lﬂ'?ﬁ

2 65

=125 — 3% a8 33 |

Hence o, = 22 08 — 124 0:68 inches, or about ?
inch less than the value previously found from equa-
tion (54), The mean coefficient of discharge was
here assumed to be ‘628, Txperiments on submerged
welrs show that the value of ¢, varies from 6 up
to '8, but ag this coefficient would reduce the valie
of dy, or the depth of the top of the weir below the |
surface, it is safer (where a given depth above a weir -

= 195 — 1 == 12°4..

* This is found from Tasrz II. more J;m:aLdil:-}r.-*r

4
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18t be obtained) to use tho lesser and ordinary
flicients of perfect weirs, with a clear overfall, for
:Hng the crest levels of submerged weirs, when it is
regsary to construet them, If the cocllicient ‘8 wero
 in the previous caleulation, we should have found
628 X 22:08
o= g
not much more than hall the previous value ;
; this would only inerease the whole height of the
r by 9:68 — 4:93 == 475 inches. o

— 124 = 1788 — 124 = 403 in,,

\s 0= el Ty {(dh + h)F —if} for o perfoct

r with a free nverfall,lit is clear that when » 13
2 —— | T

ater than ;ﬂdi V2 g {(dy F b — hE}, the weir

mperfect or submerged. For backwater curve
Srorrony X, | o

n the following table of coeflicients from Leshros#
is mecagsured from that point below the weir
re its valuo is @ minimum, On examining eqguna-
(62), it will be scen that the equation v = ¢, ¢
F ) 2/2 gd, adopted by Lesbros is incorrect,
can only be safely used within the limits of his
criments,

Vide p. 84, deuxidme ¢édition, Hydrsulique, per Arthur
n. Parig, 1868,
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that 1s, thé subfmm ged .Wen mugt bo b‘uﬂL w hin
1056 1nches of the surfdce o raise tho hemt 13
“inches above the former level,  If, hoivever, the

veloclty of appmach be taken into decount, wo o hll
~ find this veloclty eqwmls8~312-ES = 9 feol per s¢ ooamd
. very nearly ; and the hclght or value of Z, du (o

this v&lomty, taken fl om TaBLE IL. 19,-1i =76 in 108’

nearly ; therefore, fl om equﬂ,tlon (50),
‘ . 6964 (18-75)F— (15,

= _2 o
T 6'28\/2.}){1875” IrEel \/1875
' 6964
The value of - — = (from Tanrr 1,
628 /2 g %, 1875" ( )
0t S0 = 184 teet =22081 ;
B><- X 89375 C e |
18'75 | AP
(1876 — (758 5 2 ()
LIS‘J Vst iy X l? 76— = x— VAT
o2, 88 N
12+5 x433_~._]2a 1 = 12+4.

Ience dy= 2208 — 124 = 968 inches, or aboul ¥

nch less than the value previously found from cqu -

tion (54). The mean coefficient of discharge w 3
here assumed to be ‘628, Experiments on submerg: |
)

welrs show that the value of ¢, varies from § 1
to '8, but as this coefficient would reduce the vali
of dy, or the depth of the top of the weir bolow i -
urface, it is safer (where a given depth ahove a we

* This is found from Tasrs 1T, more yendily.

n
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must be obtained) to use tho lesser and ordinary
cocliicients ol perfeet weirs, with o clear ovorfull, for
~ finding the crestlovels of submerged woirs, when it is

necessary Lo congbruet them. If the coefliciont '8 woero
used in the previous calenlation, we ghoul d have found

(‘28 2208 -
2, = X:—s ST = 124 = 1738~ 124 = 498 in.,

or not much more than hall the previous wvalue ;
but this would only inerease the whole ]wln‘ht of tho
woir by 968 — 4+98 = 4-75 inchos.

ASD = - Ol VU Dy {(dy ) — I3 } for o perfect

weir with o freo overfall, it is clear that when » s

areater than 'i cal N Dy {(dy +F Js..“)'ﬂ' - f:,;} , the woir

s imperfoet or submerged.  Ifor backwater curve
S60 SECTION X, | S

In the following table of cocllicionts from Leshrog#
dy is measured from that point below the weir
whero its value is & minimum. On oxamining equa-
tion (62), it will ho geen that the equation » = ¢ ¢
(cy - dy) /2 g dy adopted by Leshros i incovreet,
and ean only be safely used within the limils of his
experimonts,

* Vide p. 84, douxidéme 6dition, Flydreuligue, pur Arthur
Morin,  Pavin, 1868,

1,
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Pl exporlmental valaew e thoseehmwn hobwean i huriemiil Haod, i ofheggply
the upper ones, ol Liodvaw tha losyer O, wio edipeed oot esbenbat i Ly 1y

The trac.value of the dischnrgy is expressed
i}

the cquation p = ¢/ [ ! ty - rf:s} X vy hy

the valnos of e, in tho u.l.:mf-:.!_{.n:lrlts nrey,  thevel
too smdl, applied fo the eoveeel formoula, W
dy = dy tho Lablo gives vz 470 Now for w
fn which the shoet pussing over ix ¢ drowned,”
goneral value of the eoellicient is about (74 |
would give the cocflicient for the lower portion
in tho true formula, equal Lo 503, wind & wean
efliciont ¢ in the corveel fovmuly (52) equal Lo 4
nearly, When o, == 200 o/), the appaprent. limils
the experiments on the other side, Ui the n
value of ¢ = 44906 newrly-in equation (62), 'Th
results would show thal the eoeficient due to
submorged depth o/, it tho fiest and last ex pernngs

-

'

._'
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g ecuad to abouk nml.rly, (lulf; varies 1o ‘0 nearly "
i some of the middle expernments,) ov l,lltzl‘(;{tlrt->1_1tﬂ,
“and, therclore, U{;[tl:ll,i:iu (H2) l‘ur~:-=;111.nr1¢u.'gml wt_zil';i,
gy tho coellicient for the upper part o, 1y 67, wauhlr
become ¢ | -
(624) D == = 1% {WAD B ddy) X \/2;,';;;;
whlch for feet measures would heeome again
(5213) D=l X VAT {J-":h el -+-4r/ﬁ,}:
for_the discharge in cubie feot per segond Ovu‘
~'E.11b]11@~1‘*1ﬁ‘fuﬂ weir, Wig, 99, | ‘f
| - ;
ON'IRACTED RIVER GNANNUYS,
-~ Whent the banks of o river, whogo bed has o
aniform inelination, approsch cach other, and con-
tract tho widih of the channel in any way, as in

[ e Pt
-"".. | ': ) -
B LN
¥ ﬂki‘lnn =
g, 23 lw wuler wrll Pigio i llm Inmml ahove tho

LDHLI‘[H‘H‘(I portioin A, untll the inereased volocily of
discharge compensates for the reduced erosy section,
It weo put, ay Defore, ¢, Tor the incrense of depth
immedintely above the conbeaeted width, and o, for
the provious depth of the channel, wo shall find Che
quantity of water ]mwun* lln'uunh (he Tower depth,
dy, cqual to e ledy % g oy, i which £ 18 the width of
the contracted channel ‘wt A, and the quantity of

l' 2 e

water UV{,r{luwmw through o, equal to r‘“( dy N Dy
I 3
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and hence the whole discharge through A 19
. .!' ' . 2
(66.) D :cizx/:a’gdi(dg-}- Edl)'
When our object is to find-the width Z of the e -
tracted channel, so that the depth ol waler In [ ¢

upper stretch shall be increased by a given deplh ),
we shall find

(87 {= —
o cﬁé/2ydl(r:22—|—§d1)

. When the velocity of approach is considerable,

when the height 4, due to it becomes a large portic |

‘of d,, its effect must not be neglected. In {his cas

a9 b@fodre, we find the discharge through ihe dept

dy equal to ¢, ldy A/ 2g(dy + £,); and the disehan

through the depth &; equal to -g-ch v 2L g {dy 4 hy)

D

~ k?} s and henﬁe the whole discharge is

68) D= als/2g{dyld +h)* 42 [+ 2~ )
from which we shall find

(59.) 1= NEAU R
o B {doldy + ) 4~ [(dy 4 Ir)¥ — 13])

If the projecting spur or jetty at 4 be itsell sub
merged, these formulee must be extended ; tho man
ner of doing so, however, presents no difficulty, us il
i3 only necessary to find the discharges of the
different sections according to the preceding formulw,
and then add them together; but the resulting for-

mula so found is foo complicated to be of much
practical value, |
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NEADS ARISING FROM PIHRS AND DACKWATRR ABOVE BRIDARA,

Equations (60G), (67), (58), and (69), are applicabloe
to cases of contraction of river channels caused by
the construction of bridge-piers aud abutiments, whon
tho width Zis pul for the sum of the openings bobween
them, ‘Cho value of the coellictent e willﬂu_pend o1
the peeuliar eirenmstances of each easo; we have
seen that it rises from 5 to *7 in some cosey of
submerged weirg, and for cases of contracted chan-

nels it rises sometimes ag high ag 8, paviicularly -

when they are analogous to those for the dis-
charge through mouth-picces and ghort tubes, When
tho heads of the piers are square to the chan-
nel, the cocflicient may be taken at about 63 when
the angles of the cunb-walers or sterlings are ob-
tuse, it may be {aken at about 7 apd when curved
and acute, ab '8, Wilh this coellicient, a head of 232
inches will give o veloeity of very nearly 36 inches, or
8 leet per sccond ; bub ag o eertain amount of loss .
takes place from the velocity of tho tail-water being
in general less than that through the arch, also from
obsiructions in the passage, and from square-headed
and very short piers, tho cocllicient may be g0 small
in some cases as 5, which would require a head of
62 inches to obtain tho same veloeity, T'hig head is
to the formerag 64 to 21, The selection of the proper
coclliclent guited to any particular cagoe 18, therefove,
a matter of the first importance in determining the
cffect of obstructions in river channels: we ghall have
to recwr to thig subjeet again, butb it is necessary to
obscrve here, that the form of tho approaches, tho
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and henco tho wholo dischurge L’Iu*nu;z;h Al

(66 =R 'ii'f;rf.('tf, | \ ;/)

When our object is to find the wilth Z of lhn Cos
tracted channel, so that e depth of wader in thy
upper strelel shall bo inereased by a given deplh 4,
we shall find

11
(67.) T e

Cy V' drj r/; (r(',! ~|~* | (/1)

‘When the velocity of appronch s considerable, o
when the Leight &, due Lo it becomes o lurge portion
“of d, its effect must not by neglected, T this ease,
ag befove, we find the discharge theough the depth
d, equal to ﬁlh& Vg -2 ad the discharge

through the depth oy cqual Lo "; e N2 gy () anﬁ
- ﬁé]}, and ]mnﬁﬂ the whole diseharge is

©8) D=0/ 2y (e ) Vs 10)E ~ 18]
from which we shall find

(59.) 1o e e YL
e/ By (il )} - NICEALEY

If the projecting spur or jelly ut A ho itsell sub-
merged, these formulo must be extonded s the man
ner of doing so, however, presents no diflienity, as it
18 only neeessary to find the discharges of tho
different sections according to the procoding formuly,
and then add thom together; but thy resulting for-

mula so found is too (,Olllllllull(!ll to be of mueh
practical value.
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(EADS ARISTNG FROM PIEUS AND BACKWATIR AVOVID BRIDOES,

Toquations (B6), (57), (h8), anc (61), are applienblo
to cages of conlraction of viver channels enusel by
the conglrnetion ol bridge-piers and abutments, when
the width £ is put for thesmn of the openings between
them,  The value of the coeflicient ¢, will depewd on
the peculiar cireuistanees of caell engoy we hawve
seent that it rvises from 6 1o 7 in some casey of
submerged weirg, and {ov cases ol canteaeted eluns
nels it rigses somoebimes ud high ay 8, ]111.:.'I,it:u'lu.1*ly" |
when they wre analogous Lo these for the dis-
charge througl mouth-picecs and shorl tubes, Wllun
the heads ol tho piers aro square to the cehins
nel, the cocflicient muy he Laken at aboub 6 ; when
the angles of  the cul-walers or sterlings ave  ob-
tuse, it may bo tukew ab wboul 75 and when eneved
and acute, ab 8, With this eoeflicient, o howd of 22
mehes will give a velocity of very nearly 36 inches, ov
8 feet per second ; hut as aoeertoin amomnt of loss
takes place from the veloeily of the tail-waber being
in general less than thal through the arch, also from
obstructions in the pussage, and from sguare-hoended
and very short picrs, tho coeflicient may ho so siull
in some eases as 0, which would vequire o head of
6% inches to obtain the same veloeity,  “This Tead is
to the formeras 64 to 21, Thoe scelection of the proper
cocflicient suited Lo nuy parlienlar caso is, therefore,
a matter of tho first importunce in delermining tho
elleet of obstructions in viver channels : woe shall have
to recur to Lhis subjeet aonin, bulb il is necessary Lo
observe here, thub tho form of tho approaches, tho
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length of tho picrs compared with the distineo hotween
them, or span, and the longth and forn1 of the obstrue.
tion compared with (he width of the chanuel, must e
duly considered before tha cocllicient suited to the
particular case can bo fixed upon. Indeed, the coeffi-
cients will always approximuto towards Lhose, given
in the next seetion, for mouth-picees, shoots, and short
tubes similarly cireumstanced.  FFor some furthe
remarks on contracted ehannels, seo Sroron X,

e et s = E T = ek

SECTION V.

SHORT TUBLS, MOUTH-PIRCES, AND APPUOACHIH, AL TERATION
IN THE COEFFICIENTS FROM FRICIION BY INCRBASING THE
LENGTII,~—COBTFICTENTS OF DISCIIAR(IS ¥OR SIMPLRE AND
COMPOUND SIQORT TURES,——R1QQTH,

The only oriflces we have herctofore referred to
were those in thin plates or planks, with o few inci-
dental exceptions, It hag been shown, page 48, 1. 4,
that & rounding off, next the water, ol the mouth.
piece inereases the cocficiont ; and when the curving
© Wig. 24,

T T . L L T R ey
PR, mimpardayr sl ks —der T T - L mq;-“*}-h_.—diﬂmh

umes the form of the vena-contracia, the cocfficient
reases to ‘986, or ncarly unity. I'ho discharge-
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reomt & short eylindrieal tube A, 1fig, 24, whose length
ig from one and o hall to threo tiues the diuneter, ig
found to be very nearly anarithmelical mean hetweon
the theoreticad discharge and Lho disehargo through o
civeular orifice in  thin plate of the same dinmoter
ag tho tube, or 8LL nearly, I, however, the inne
arris be rounded, or chamfored ofl in any wuy, tho
coefficient will inerense untidy in the tubo », Kig, 24,
with o properly-rounded junetion, it beeomes unity
vory nearly.  In the conieal short lubes ¢ and » the
cocflicionts ave found Lo vary according to some fune-
tion of the econverging or diverging angles o, 0, and
according ngwo {nko Che Iesser or greator dinmoter to
caleulate from.  When the length of tho tube exceeds
twice the dinmeter, the frietion of the water apainst
the sides may be taken into aceount,

The Tollowing table, caleulated by us, [or o coolii
ciont of friction *00G99, dite to o discharging volocity
of about cighteon inehes per gecond, seo Srorion VILL,
ghows the resistunce arising from friction in pipoy of
different Tengths in relation to the diametor, and will
Dbe found of considerable praclienl value. 1L will be
perecived that the enleulationy are made for threo
different ovifices of entry. * Ifiest, when the arrises
are romuded, s in B, g, 24, with o cocflicient of
986 ; accondly, when Lhe arvises are square, ag in A,
with a coelficient of 816 ; and, thivdly, when the pipe
projects into tho vessel, when the coefllicient of entry
becomes reduced to 716, The veloeity is
- p == e A g h,

A being measured o the lower end ol the tubo,
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QOETFFICIENTS ¥0OR BIHORT AND LONG TUBES.

Number of diame-
ters in the length
of the pipe. -

Corresponding coeficionts | Number of dfamae-

.of discharge, showing
the oficcts of DHjciiom.

torg In the length
of the pipe.

Corresponding coefliclonts

of dischnrge, ahowing
tho elocts of [rleglon,

2 dipmeters

6
10
16

R0
R

d0

35
40

45

50
100
150
R00
250
400
350
400
450
600
550
600

We see from thig table, that

in short pipes it is considerable.

Y

1] ]

1}

1)

%1

1}

n

it

1)

i

1t

1)

1

iy

‘080
‘030
‘884
540
801
707
a7
711
093
‘00
‘040
‘014
430
gilsh)
384,
937
304

287 |

271
‘268
Ay
237

814
77
TLT
‘720
G085

0738
(343

634
JiN]
+§01
B8O

480

4183
370
346
+318
Q07
280
2060
254
249
‘24

716
Jizlit
(308
040
030

816
508

B84
H70

508

H40
158
403
304
THE!
311
202
270

‘202 -

260
240
231

600 dianmeters

700

760

800

80

000

060
1000
1100
1200
1400
1600
1600
2000
2200
2400
2600
2800
3000
3200
J400
3800

*

1)

1"

"

h

L}

11

1%

1

n

L)

1)

1"

1

L}

n

1

"

L)

"

1)

328
220
214
200
201
106
160
186
177
170
‘168

‘148
189
182
‘126
‘120
‘118
112

*108

‘106

102

00

05

917
a1
200
100
119
180
184
156
16D
167
147
190
182
120
120
116
112
108
1085
102
Q01)

- el i—

el
Q16
201
R0
107
103
187
'183
‘170

108

*156
‘148
gl
‘11l
126 ¢
‘120
114
118
‘108
*10.4
101
‘00 ;

the effect of adding
to the length of the pipe is greatest next the orifice of
entry. The effect of a few diameters added to tho
length in long pipes is, practically, immaterial; but

Ag for orifices in thin plates, so also for short

tubes, the coe

ficients are found to vary according lo

the depth of the centre below the surface of tho
water, and to increase ag the depths and diameter of
he tnbe decrease.

scharge through a short tube was greater than that

Poleni first remarked that the
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through a simple ovifice, of' the same diameter, in tho
proportion of 133 to 100, or as *617 to ‘821,

OYLINDRIOAL SIIORT 'TUBES, A, ¥ra. 24,

The experiments of Bossiib, as reduced by Prony,
glve the following coellicients, at the corresponding
depths, for a cylindrical tube 4, Kig. 24, 1 inch in
diameter and 2 inches long, The depths are given in

QOLLFICTERTS YOR SILORT TUNES, FROM Nosslr.

Al

Iyﬂgﬂ Coofliolonta, i?f?lr;:}ﬁ Coofolonts, Jf?é‘élﬁ Coofllolonis,
1 ‘818 G ‘806 il ‘00
2 07 7 800 | 12 | 804
3 ‘80T g 8006 1 ‘B0
4 807 0 805 1t BOL
b 'H006 10 805 15 803

Paris feet in the original, but the coeflicionts remain
the samo, practically, for depthg in English fect.
Venturl's experiments give o coefficient 823 for a
ghort tubo A, 14 inch in diameter and 44 inches long,
ab o depth of 2 feet 8% inches, the coellicient through
an orifice in o thin plate of the samo diameter and at
the samo depth being -622.  We have calculated these
cocflicients {rom the original experiments. The mea-
sures wero in Paris feet and inches, from which
the calewlations were' divectly made; and as the
differencoe in the cogfficient for small changes of
depth or dimensions i$ immaterial or vanishes, as
may he seen hy the foregoing small table, and ag 1
Paris inch or foot is equal to 1:0668 Iinglish inches
or feot, the former measures exceed the latter by only
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about th, We may therefore assume that Zie cogpfi-
cient for any orifice; at any depth, is the same, whetlior
the dimensions be in Paris or Iinglish feet or inches,
This remark will be found generally useful in the con-
sideration of the older continental experiments, and
will prevent unnecessary reductions from one stand-
ard to another where the coefficients only have to be
considered, |

The mean value derived from the experiments of
Michelotti, at depths from 3 to 20 feet, and with short
tubes A from % inch to 3 inches in width, is ¢, = 814,
Buff’s experiments* give the following results for o
tube 7% of aninch wide and 15 of an inch long, nearly.

!

BUYF'S CORTFFIOIENTS FOR SMALL SIORT TUBEH,

Iugﬂiem Caeflloient, 1]11511&:?115. _Gﬂem“i*}“t' inIiInEur;?nﬂ. Coefllotent,
13 855 ; 840 23 . | -8
21 861 14 840 32 820

The increase for smaller tubes and for lesser depths
appears by comparing these results with the foregoing,
and from the results in themselves, generally, Weis-
hach’s experiments give a mean value for ¢, = '815,
and for depths of from 9 to 24 inches the coeflicients
‘843, 832, 821, 810 respectively, for tubes f'i,'f-,;iﬂ,
| A 10" 10”10
16 , , : e
wd - of an inch wide, the length of each tube being
ree times the diameter, D’Aubuisson .and Castel’s

“Annalen der Physik und Chemie von Poggendor(f, 18890,
1wl 46, p. 243, |
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experiments with a tube *61 inch diameter and 1-57
inch long, give ‘829 for the coeflicient at a depth of
10 feet. When a pipo projeets into a cistern and has
o sharp edge, the coeflicient lalls so low as *715,

We have caleulated the coefficients in the two fol-
lowing short tables, from Ilennie’'s experiments with
glass orifices and tubes, Table 7, p. 435, Philosophical
Transactions for 1831, The form of the orifices, or
length of the shorter tubes is not stated, but it ig
probable from the result, that the arrises of the ends
were i1 some way rounded off; it is stated they wereo
‘ anlarged.” Indeed, the discharges from the short
tube or orifice of } inch diameter exceed the theo-
retical ones in the proportion of 1-261 to 1, and 1:346
to 1. These results could not have been derived from
a simple cylindrical tube, but might have avisen from
the arrises being moro or less rounded at both ends,
and the orifice partaking of the nature of a compound
tube, which may hoe consbructed, as we shall hereafter
shov, so ag o increase the theoretical discharge from

I up to 1:663. The resulting coefllicients for the &

CORIFIOIENTH WOR RIIODILT TUBLKS, TIIE TIRDE BNTLARGED,

I;Il{?[?ll':ﬁlt- ﬂirj{mi:llc?tlzm ﬂi&ﬂll:lll:?ﬂw. ﬂi;fuilltltftlér. ﬂilﬂ::*ﬂ:]r.
1 1391 841 66 | p1e

J ] TLanl ‘830 ‘820 020
8 | . 140 | 698 821 880

d 1ogl | 88l 820 091

and $ inch tubes, approach very closely to those
obtained by other experimenters, but those for the
inch tube are too high, unless the arris at the ends
was also rounded, The coellicients derived from the
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experiments with a eylindrical glass tuitho 1 foot long,
a8 here given, are very variablo; like the otherg they

COEFFIQIENTS DERIVED FIOM ENTERINENTH WITTI A GTAKE 11D ONI 100y L.OKG,

M—m

Ilends
In foct,

1 fnch
illgmeior,

1 ol
dlmmoler,

o

§ eh
ot

e ]

1 inele
dinuetiey,

PP e ey 4

1
2
3

4

802
fHL
31
JUns

il
o
"TRY
TR0

{HIl
'T1H
701}
U77

‘700
*Tid{)
777
816

are, however, valuable, as exhibiting the uncertainty
attending “experiments of this nature,” and the ne.
cessity for minutely observing and recording overy
cireumstance which tends to alter and modily them,
Indeed, for small tubes, o vory slight diffoerence in the
measurement of the diameter must alter thoe result a
good deal, particularly when it 18 recollected that
measurements are seldom taken more closcly than
the sixteenth of an inch, unless in gpeecial cases.  As
the author, however, states, p. 433 of the work re-
ferred to, that the ¢ diamcters of the tubes ot their
extremities were carefully enlarged to prevent wire
edges from diminishing the secctions;” this circum-
stanco alone must have modilied the discharges, and
would account for most of thoe differences,

The coefficient for rectangular short tubes differs
in no way materially from those given for eylindrieal
mes, and may be taken on an average ab ‘814 o 815,

HORT TUBES WITH A ROUNDED MOUNI-DPINON, B, 1I¢. 24
¥hen the junction of a shork tube with o vossel
8 the form of the contracted vein, Pigs, 3 and 4,
48, the mean value of the cocllicient ¢,=="956,
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and the actual digehargo i fownd Lo ha from 93 Lo 09
per cent, of the theoretient dischargn,  Weisbueh, for
g tubo 13 ineh long and %y tnel dinmelery ronndod o
the junetion, found ol 1 ool deep ey== 008, ub 6 {eet
deep 6,="904, andd at 10 feel deep e 070, Theso
experiments show an inerense in the coellicients, in
this particular cuso, for an inerease of depthy Any
other form of junetion than that of the contractecd
gein, will reduce the discharge, and the coeflicients
will vary from 7185 to 8ld, and to 986, necording to
“the change in the junction from the eylindrical, pro-
jeeting into the vessel, (o the square and properly
curved forms,  ‘The coeflicients derived from Venturi's
experiments will bo given herealtor,

SIORT CONIOAL CONVERQENT TUBES, ¢, 10, 2,

The experiments of 1Y Aulntisson and Gustel lead Lo
the following cocfficients of dischargo and veloeiby*
from & conically convergent tube o ab & depth of 10

JOEFEFEOIERTY ol i8N0, CoRYEHGERT THREM,

oy

Converglug | Clineflelent | Coedtleli-nit {tonverglng | Caeiltolyend (arfHelend
angle v, 0f dlseluygns | ot voloedty, atipleen fof albichigged ] of velueliy,
1° "N HhH ] Y SIEH qiTi)
00 7 TR L A1 g
1° ,HoH (15! [4Y J[HY W7l
- w0 o e qr 71
1 e [ oame A e 15 ne
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feet, We havo interpolated’ the original augles gpa
coefficients so as to rendor tho table morc CONYehient
to refer to, for practical purposes, thau the origing,
The diameter of the tube ab the smaller ov tfliﬁu]ulrging
orifice in the -experimonts was Gl inches, and ghe
length of the axis 167 inch; that is, tho length was
26 timés the smallor diameter of tho tabe,  Te
coeflicient hecame *829 for the eylindrieal tube, 4,
wlen the angle at o was nothing., ‘T'he angle of eon.
vergence o delermines, from the proportions, the
length of the inmer and longer dinancter of the tube,
The coeflicients of discharge nercase up to 943 for
an angle of 183 or 14: degrees, alter which they again
decrease; but the coellicients ol veloeily inerease gg

the angle of convergence, o, increases from 829, when
- the angle i3 zero up to 085 for an angle of §0
degrees,

When o 18 the discharge and A tho arew of the see.
tion, we have, as before shown, v =¢, A /%%, but
as, in conically convergent or divergent tubos, the
inner and outer areas (or, as thoy may ho ealled, the
receiving and discharging scetions) vary, it is clear
that, the discharge being the same, and also the theo-
retical veloeityn/2 g 4, the cocfiicient o, must vary .
inversely with the seetional area 4, and that ¢ X4
must be constant. Tor the cocfllicionty tubulated, the
sectional area to Le used is that at the snaller or
outside end of a convergont tube oy Wi, 24,

For o short tube ¢, whose length is *99 inch, lesser
tameter 121 inch, and greater dinmotor 1+5 inch,

e have found, from Venturi's cxperviments, that
=607 if the larger diameter be used in the caleu-
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lation, and ¢g="934 when Lhe lesser dinmoetor is mado
ase of, the dischargoe fuking pluco under g [H‘HHHIIIH
of 2 feot 8% inches,

The carlicr o2 ]HIIIIH‘IHH ol Poleni, when reduced,
aunish us with the following coeflicients : A tube 767
inches long, 2:167 :ixu,a}ma dinmeter ab cnch end, govo

e, =864 ; the like Cubo wilth the inner or receiving
omﬁce inereascd to 23 inehed, ¢ =003 5 nereased o
35 inches, ¢;=="898 ; 1m~rvn~w:1 Lo O Inches, ¢,z 888 ;
and increased to 983 1nches, ¢,==864.  The depth
ar head was 2133 inches, the discharging orifice
9.167 inches dimneter, and the length 7-67 inches, in
each €aso,

In the conically divergent tubo vy Iig. 24, the co-
elficiont of discherrge i larger than lov tho same fnho
0, convergent, whoeit the water fills hoth Lnbes, and
the smaller scelbions, ov Chose wl the seme distances
from the centres o o, wre mde use of in the ealeus
lations, A tubo whoso augle of convorgoned, o, is 60
nearly, with a hewd of Trom 1 to 10 feet, whoso axiol
length 1s 8% inches, smaller dinmetor 1 nu..h, and lar-
gor diameter 143 inch, gives, when placed as ab o, 921,
for the cocfliciont; but when ploesd as wb n, the co-
efficient nereasey to 048, In tho III‘HL ¢age- tho
smaller aven, used'in both calenlalions, lwluu ho re-
ceiving, and in Lho other the discharging, orvilice,
The coellicicnt of -:a'w:/m,:f'{r/ i9, howaever, larger for the
tahe ¢ than for the uho v, adl the diseharging jot
of water has u grenter amplitwde in falling.  The
effeets of conieally diverging luhes will, howover, o
better perceived from the experiments on compound
short tubes.
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EFF]‘UTH 0F COMDOUND MJJU’I‘Aﬂlq AND ADMISKION oF am
INTO SIORT TURRR,

IF the fibe A, Fig, 24, Do picreed all round wit)
small holes ab the distanee of about ball ity digmeter
from the reservoir, the dischargo will be immediatoly
reduced in the proportion of 814 to 617, Ventwi
found the reduction for o tubo 1F tneh dinmotor and
44 inches long, ab o deplh ol 2 feet 10 inches, g 4]
to 81, or as 823 o 622, Ag long nd one holo e
mained open, the ischarge continued ab the same
reduced rate; but when the last hole wag stopped,
the discharge again increaged o the original quantity,
It a small holo be pierced in o tube 4 divmetors Jong,
ab the distanco of 1% or 2 diameters ab Farthest from
the junetion, the discharge will remain unaflected,
This shows that tho contrection in tho eylindrical
tube extonds only & short distanea from the junclion,
probably 11 or 1§ diameter, including the whole e
vature of the confraction,

The contraction ab the entranen into w tube froma
reservolr accounts for the eoelieients for w short tube
A, Hig. 24, and tho short tubos, disgrams 1 and 2,
I‘1g 25 being coch the samo decimal nearly, when

¥ t[_';. 43,
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and ig abt the distanco of nearly ,_‘?ﬂ" from on, ‘Tho
form of the junction oo x remaining as wo hevo de-
seribed it, the lollowing coellicients will enable us to
judge of the discharging powers of dilferently formed
short mouth-picees. ‘Thoy have been deduced wnd
calenlnted by us, principally, from Venturi’s cx-
periments, |

These cocflicients show very clearly that any cal-
culations rom the mere head of water and sizo of the
orifice, without taking inte consideration the form of
the discharging tube aid its connecetion with the re.
servoir, are very uneerlain; and that the dischargo
canl only be correetly obtained when all the eirenm-
stances. of the case, heluding the Torm of the dis-
chavging ovilice and its approuches, huve been duly
considered,

When o tube similar to diagram 6, Fig, 25, has the
juncbion 0 o » rounded, a8 in Mg, 4, page 48, the
outer extremity s 25, such that ¢ £ = o, 88 = 98¢,
and the dinmeter s == 18 times the dinmaeter ¢ ¢ with
o short central eylindrieal pioeo o2 s ¢ boelween, tho
coeflicient of dischirgo corresponding to the diamefer
or=rs will increasoe Lo 1493 or 1:6560 ; that is, the

. g O 1Lt . v
dischargo 19 -+ == 2, or - - == 26 limes ag much

)
il (B

as through an orifiee (whose dinmeler is o ) in a thin

w66 .
plate, and "é:r"-l?t = 19 times as much ag through o

% Seo Nicholson's feanslation of Venluri's léspevimental To-
quiries, published in the Tenets on Hydvanlies, London, 1830,
The eocflicients in tho tahle, next page, huve been all enleulatod
for tho fivat timo by uw,

M
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TABLE OF COEFFICIENTS, FOR, SIHORT TUBES AND MOUTH-PIECES,

1.
Descrlption of orlfica, mouth-piece, or short tubka,

CooMeionts
Inr tha
{nmetor

R,

CoclMelrntn
for {ha
dinneter

P,

s urrismi

1. An orifice 13 inch dismeter in a thin plate...
2. A eylindrieal tube 1} inch dinmeter and &3]

inches long, 4, Fig, 2L..0euivts
3. A short tube with a sharp end projecting into
thﬂﬂlﬁt&!” ----- "B FEEREREEE N -t--

4. A cylindrical wube, B,. lufr 24 , having the j ,]unﬂ- |
tion rounded, as in Fig. 4: page48....0ve.n,

5. A short conical conver gent month-piece, ¢, Fig.
24, of the proportions of oo r R, Fig. 25.

8. The like tube divergent, with the simallar {lm.-
meter at the junction with the reservoir;
length 3& inclies, lesser diameter 1 ineh, and
gw&tm diameter 13 dneh. .o oviueidiiviien

7. The tube, couvrx, dmgrmn 2, Fig. 25, when
o r=14 inch, or=121 inch,np==1" 21 ineh,
ant o u==1v==2 inches, the eylindrieal por-
tion being shown by dotted Hnes...veserns o

8. The same tubo when o x==11 inches.,..,...

Thé same tube when 6 u=243 inches..,.....

(, The tube, 00ssTtrR, dingram 2, Irig. 25, in
which 0 R==8t=g8T=1} inch, from o to 3
12 inch, nnd s8==3 inches, gives the snine eo-
officient as thae eylindrieal tube, result No. 2

(see No. 10, viz.ciuvenevininniaans
10. The tube, diagram 1, Iig. 25, OR=— 1% inch,,
11, The same tuhe, hmmg t]iﬂ spaces 080 mld
rin between the mouth-piece oo 1 and tho
eylindrical tube ‘o s TR open to the influx of
thewater, oo vvyyneirsorras CAr i s el e
12, The double conicat tube, 0 08 T# 1, diagram 3,
Fig. 25, when on=s7T==1} inch, or==1'21
meh, 0 o== "2 inches, and p5=4" 1 mehes . .
. The like tube when, as in diagram 4, Fig. 25,
oorr=0sT? and gos= 181 in{:h. crr e
. The like tube when, s T==11{ inch, and o8
=2 17inehes. .. . iiviiaiiiiininriianea,
. The like tube when s =4 inches, and os==
1T ¢) YT .
. The like tube when o §==0% il]E]lE*“‘s and g1
ealarped to I'92 inch........ovevvh ot Conn
. The Itlm tube when g =2} inches, and o g
=124 inehes......... b e e e e |
. A tube, dingram b, Fig, 20, when o s=v =<8
inches, or=si{=1'%1 inch, nand the tnbe
o5 Tr the same as described in No. 12, viz,
s T=1} inch, and ss=41 inches..........,
. Tha tule, dm-'rlnm 2, Fig, 25, when s T is en.
larged to 1 07 lnﬂh, and §s to 7 inches, the
nther dimensions remaining /s in No. ﬂ.. bhe e
b When the junction of osr¢ with g5 ¢, dia-
gram 2, Fig, 23, is improved, the othor parts
remaining as desevibed in No. 0..,....... Ve
: - Arfother experiment gives,.,....v.u. ..

(22
‘823
Y716
611
407

‘061

(¢00
607
giti] !

‘23
804

‘805
*D4h

‘B50
BT

P48

023
IHT3
817

1:204
1-237

1-208

1428
1:240
1200
1400
1-500
1+850

1877

1464 |

1+308
1303
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short eylindrical tube 4, g, 24, whose dinneter 15 algo
o7, Venturi was of opinion that this dischurge con-
tinued even when the central oylindrical portion o»s¢
was of consicerable length ; bub this wad a mistake,
ag the maximum discharge is obtamed whoen it is
reduced so that oorr and 8¢ ¢ 1shall join, as in
diagram 3, Iig. 25.  We sce from No. 16 of tho fore.

' 1,600
going coeflicients that — v == 262 and v =191 are,

perhaps, nearer to the maximum results obtainable
by comparing the discharge from a compound tubo
0087 R, diagram 3, Tig. 25, with thoge theough an
orifice in a thin plate, and Lhrouwh 1 q:hm*t b}’lltl-
drical tube. When the form of Sy
the tube becomes curvilineal
throughout, as in Ifg 206, jng e '*"ul
sr=1807 and 08 = 0 0 r, liceremsesmmen)
the coeflicient suited to the diametor o » w:ll bha 167

1T .
nearly, and the dischargo will be - ---"2 62 times ag

nu by

i YIS

much as t]u'm'lgh-nn orifice o # in & thln plate,

The whole of the preceding coeflicients have hoeon
determined from circwmstances in which the co-
elficient for an orvifice in o thin plzbtu wad 622, und
for o short cylindrvical tube -822 or 823, When the
eireunistances of head and {L}}]'}l‘l)‘:‘u{ﬂlt}ﬂ in tho reger-
voir are sueh as to increase or decrease thosc
primary coeffigients, the other cocfficients for com-
pound adjutages will have to be increased or de-
ereascd proporiionatcly,

~Alter examining the foregoing 1‘08111LH, 1L appenrs

sufliciently clear that the ntmost effect produced by
M8
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the formation of the {:ﬂh_]ptgﬁn'tl month-piceoo ogpy R,
with the éxcoption of No, 17, is simply o restoratioy
of the loss cffceted by conlraclion in pussing throug),
the orifice o » in a thin plate, ancd that the coeflicient
25 applied to the contravied seclion ab o r s simply
equal to the theorctical discherye, or the cogfficiens
unity, applied to the pronary orifice 0 R ; for, ag
orifice o ® : orifictd 0 » 2 1 ¢ 0G4, very nearly,
when oo 7 rtakes the Torm ol the »ena-contracta, ang
the coefliciont of discharge fovr an orilice o » in g
thin plate is 622, we get-the theoretical discharge
through the orvifice 0 ®, to tho actual discharge
through an orifico o 7, so is 1 to (29 X (4, s0 i
139808 :: 1 : 4 very nearly ; and ag 4 X 24=],
it is clear that the form of the tube ooy R, when
it produces the foregoing effeet, simply veslores the
loss eaused by contraction in the wvena-contract,
Venturt’s sixteentl experiment, from which we have
derived the eoellicionts in No, 17, pives tho cocllicient
14215 for tho vrilice o x  This indicates that a
greater digeharge than the theoretical, through e
recelving ovifice, may bo oblained, 16 is, however,
‘observable that Venturi, in hig seventh proposition,
does not rely on this result, and FKytelwein’s expe.
riments do not give a larged cooflicient than 24
applied to the contracted orifice o », which, we have
above shown, i3 cqual to the theoretical discharge
through o r.

BILOQTR, |
When the sides and under edge of an orifico or
otch inerease in thickness, so as (o bo converted
ito a shoot or small channel, open at the top, the
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 egelicionts redneo very considerably, and o soma
extent beyond whal tho inereased  resistanee from
friction, partieularly  for snall depths,  indicates.
Poncelet and Teshros® fownd for ovifices 8" x 87, that
the addition of « hovizontal shoot 21 inches Joug
reduced tho -uvﬂuuul from GO to 601, with o head
of about 4 feel: bub Tor a ]H'Hl of 4% inehes (he
coeflicient [fell Trom H72 lo +I83  Tor notehes
8" wide, with Lho addition o n horizontul shoot
g 10" Tong, the coelliciont fell Trom D82 (o 474 Tor
a head of 8" and from <622 to 340 lor o head of 17,
Castel also found for a noteh 8 wide, with the nddi-
tion of & shoot 8 long, inelined 47 18, the mean co-
efficiont for hewds from 27 to 44, to h:} H27 nearly,
The effects avising from friction alone will be por-
caivod from the shord tahle ab the boginning of thig
secbion, p. 162, |

The ovifice of entry inlo w qhm}L and. its position
with reforence o the sides ahd holtony mmhly tho
dischargo, the hemd renmmining constant,  Leshbros
has given the coeflicionts suited Lo dilferent positions
of shoots bolh within and without o eistern, and
from nolehes and submerged orifices; bud, huwum
valnable these nee i SO0 vespecly, tlusy are of liLglo
practical uge Lo the eniineer,  The general prineiples
which are involvaed in the moditication of thesoe coclli-
cients have, however, bheen alrewdy poutted out by us
when discussing the effecls of the position of the
orifice, and tha addition ol ghort twhed, on the dig-
ccharge.  Eguation (T4w.), p. 184, is heve applicable,

# vnitd QL ydeandigue, pp A0 ut
'+ Vide Morin's ydraulicque, douxiome édition, pp. 84 et 40,
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SECTTION VIL

LATERAL CONTACT OF TIE WATER AND LUBM.~—ATMOSIIERY
PRESSURE.—IIEAD MEASURED T0 THUY DISCHARGING opi.
FICE, —-COLFFICTENT OF RESISTANUE, —FORMULA TOR e
DISCIARGE FROM A BIORT TUBH, — DIAVIIRAGMS, — o,
LIQUE JUNCITONS,—FORMULA FOR TING TIMH OF gy
QURFACH SINKING A GIVEN DEPTIL~~LOCUK CHAMBERS,
The contracted vein H---~—+
o r is about '8 times 'I
the diameter o r; bul :

it iz found, notwith- [———{-— 20
standing, that water, ':_::"“"” {;_,,_;L" i |

in passing through a %»,z,,, R
short tube of not less
than 1% diameter in length, fills the whole of the
discharging orifice s v, Whis ig parily elfected by
the outflowing column of waler carrying forward and
exhausting tho air between it and the tube, and by
the external air then pressing on tho coltmn so ag to
enlargoe its diameter and il the whole tube,  When
once the water approaches closely to the tube, or is
cansed to approach, it 18 attracted aud 1.111110115 with
some force to it. The water helween the tube and
the vena-contracta is, however, vather in o state of
eddy than of forward motion, ag appears from the
experiments, with the tube, diagram 2, Fig, 2,
giving the same discharge as tho shmple eylindrical
tube. I the entrance be contracted by o dinphragm,
‘a8 at o B, g, 27, the water will also gencrally fill
the tube, if it be only sulliciently long, Short eylin-
drical tubes do not fill when the discharge takes place
in an exhausted receiver; but even diverging tubes,
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p, Tig. 94, will he fitled, vinder atimospherie pressuve,
when the angle of divergence, o, does not exeeod 7 or 8
degrees, and the longbht be nob very greal nor very short,

When « tuhe i filled to the bottone or side of «
vessel, 16 &8 fouwnd thadd the elischarge 48 that due to
the head measwred. from the supface of' the water (o
the lower or dischargitg  eatrenidy of the Gebe, 1L
must, however, be sufficiently long, and nob too long,
to-get filled throughout.  Guiglielmini fivst referved
thig effect to atmospherie pressure, hub the lest
simple explanation s that given hy Dr. Mathew
Young, in the ‘Transactions of the Royal Trigh
Academy, vol. vil, p 66, Yenburi, also, in his [ourgh
pedposition, gives a demonstration, _

The values of the coeflicients for short eylindrical
tubes, which we have given p. 162, have been dorived
from experiment,  Coclisients wlu: boagree protty
closely with them, nnd whie 11 anee derived from tho
coefficients for the disehawrge through w orifies in g
thin plate, may, howoever, ho calenlated as follows
Let oo thoe dren of the approaching seelion, Mg, 47

Athe area of iho discharging shorl tube, und o Lhu
arcg of tho ortlice o w which admits the wator {rom
the vessel into the tnbo: also put, s belore, A for
the head 111013111'0:1 from the surtace of the water to
the contro of the tube, and dinphragm o n; » for the
actual velocity ol dischurgo ab gy o for the veloeity
of approach in the section ¢ towards the diaphragm
0 R; and ¢, for tho coellicient ol coubeaction in
passing from o r (0 o7; then we huvo o X n, = A X,
the contracted secbion o » == ¢, X «, und {;mlbuqnnntly
the -velocity ab tho contrasted soction i oqual to
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Y %% Now a theoretical head equal to

ac,  ac, |
a( A7
21—
=R ¢”

R | L Ll et LI L

2g 24
is necessary to change tho velocity », into » by the
action of gravity ; bub ag the water ab the contracteg

A
section o7, moving with a thﬂt‘lty X strikes against

the water between it and v 8, moving, l’mm the nature
of the case, with a slower velocity,® a cortain loss of
effect takes place from the impact. I thig De, sup-
- posed, sudden, then writers on mechanics have shown

that a loss of head, equal lo that due o the daﬁam?zce

AV
of the vﬂfaﬂmfzes il bofore and after the unpacs

must lake pkzce ‘This loss of head iy therefore equal to

whenece we must have tho Whole hoad,

(T WH‘*)?}E -+ (n' Cy ])uﬂ .

(60.) J = Ty g

from which we find for tho velocity from a short tube,
' N

(Gl ) v"-\/ﬂwg"_/é*i A-* | L
T i - (r,'zf:m I‘)

NDW, a3 v/ 2 g & would be tho vo]umLy of discharge
were there no 1*0315Ltmces, or logs sustained, 1 is

| 1 R E:
avident thaf )9‘ becomes as if

L& (A

6 C

* Vide Sirv Robert Kane's translution of LRihlman's book on
lorizontal Water Wheels, p. 40. |
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ware & cocflicient ol velovity. When the dinmeter of
the diaphragm o 1 becomes egual to the dinmoter g o
of the tube, A=« and as the coeliiciont of velosity be-
comes equal to tho cocflicient of disehurgo when thero
iano contraction, we gel in such cusoe this coclliciont,
which wo shall also call ¢ o/ expressed by the formula
1 1%
(62‘) ¢ 0 fﬂ . -"\_ 1 . i ,hI‘:::
) oeol =y A ()
A\ O |

and when the appronching section o i very large
compared with tho arca a,

1 L
(63,) ﬂﬁj — I e 1 e ' % 3
, I (ﬂu l)

If ¢, = ‘64, wo shall find from tho last equation
cof = 812; il ¢, = 601, ¢ 0= 833 ; il ¢, =017,
¢of= 847; anl il ¢, =621, c0f = 866, These
results are in oxeesy of those devived from expori-
ment with eylindrieal short tubes, poerfectly squure
ab tho ends and of uniform bovo, Ay somo logs, how-
ever, takes place in tho eddy botween o 7 and the
tube, and from the frietion ab the sides, not taken
into account in the ahove caleulation, they will ac-
count for the differences of not movo than Crowm 4 to

* Whon the diaphragm is pleed in o tubo of uniform horo,

thon o== 4, and wo shall gt
1 t
{ U‘f':::: j,. T = .
! PRI S ]_ R sl

0, (t
and tho loss of hond, in passing the dinphragm, becomes
4

"= \a, T Ay
1 ] ' ¥ .h.
It is ovidont from tho ogquations that . -md e dopond mubuelly on

archiothor, and that they enol haaggumad acbitvavily. Seoequations
(60), (67), (128), (124), nnd (126), with the corrosponding remuarks,
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6 per cent. between tho caleulation and experiment
If 6, be assumed for caleulation cqual 590, they
cof=-821; and as this result agrees very Gloscly
with the experimental one, ¢, should ho tauken of thig
value in using tho foregoing formulw, from (60 to
(68), for practical purposcs. The thickness of ghe
diaphragm itself and the relation of that thicknesy to
the diameter, as well as tho form of Lhe orilice a, are
necessary elementsin the considerationol (hisquestion,

COLFFICIENT OF RESISTANOE.—I085 010 MECITANICAT: I’OWER.
IN THE PASSAGEH OF WATER TIROUGH TUHIN PLAYES AND

PRISMATIC 'TUDBLS,

- The coefficients of contraction, velocity, and dis-

cha,rge have been alveady defined.  Z%e cogfficient of

resistance 18 the ratio of the head due Lo the resistance,

o the theorctical liead due fo the actual or finul

velocity, If v be this latter velocity, the theoretical
yt

head due to it is ;}, and il ¢, bo the cocllicient of

resistance, then the head duo to the resistuncs itgelf
W

is, from our definition, ¢, X ;/ N(}w if ¢, be the

coefficient of veloclLy the theorotical wlouty of dis-

~ 0
charge must be -, and tho head duo to it is equal

Y

K e . +
TX g but as the theorotical ]1[3{1.{1 duo to v is
9
' .
- e shall ]1£WB

i 15~ 3=(a O
* the head due to the resistance; and, therefore,
om- our definifion, the coefficient of resistonce
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N
64,) G = L
~feom which we shall lind the eocfliciont of veloeity
*‘ SRRt
(65.) =0, LS

These equations enable us to ealeulnto the coeflicient
of resistance [rom thoe cocflicient of velocity, and
wice versd. I ¢, =1, ¢, = 0, ag it should be, The
following short table, enleulated from equation (05),
will ' be of use, In short tubes, the cocllicient of
veloeity e, is equal Lo the cocllicient of dischargoe ¢,

CORPPICIENTH O YELGAOUTY AND REBINTANCE,

Coeflotent | Coefilelond { oeMebont | Coollelont 1 Ceafilekend | Coulebent
of veloelly, [of voshsduneo | of voloeHy. of vesdstaneend of velooily, [of vesislonop,
D0 {030 V10 08 ‘Hil) {03

| o 004 A0 any | wa WLKH
0 + 101 *HT() b { 'HLLE S04

| 030 106 Hiil} ish! | H10 020

e i e Tt ARt e R TR S ——

The coelficient of velocity for an orvifice in a thin
plate, or for w mouth-picee, Ifig, 4, is 074 ; while
that for a shorl prismulic tuboe, A, Mg, 24, is 814
nearly.  The coefliciont of resistance in the former
case is 06, und in the latter B08; thero is, theres
forg, 94 times as greab o loss of mechanieal power in
the pagsage through short prismatic tubes, ag through
orifices in Lhin plates or Lubes with o rounded june-
tion, ag in Ifig, 4, the quantities of waber dischorged
and the discharging veloeitics being the gsame,
1f the quanfitios diseharged and the heads bo the
game i both cases, then wo shull huve
e e
Tgx 8LAT 0 % DT
* oo tho teblos of vosistaneoy, dischargo, and contraction,
pp. 174 and 170,

, cqual tho hoad ;
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q 3
that 1s, - 503 ﬂ;{ 77 'l)fl‘]?;i 5y or 0490 v} = 663 vl
whence we get of = *698 v and v = 1431 v} for the IC.
Jation of the discharging velocitics, »,, from un orificg,
and, v, from a short tube.  Whe ]mlnhb due to the pe.

_ _ , 1
sistance 1ig t].mru[ore, TP 1) 2 for short Prig.

fl '31 a:
matic tubes, and ( J"’?_l':‘ 1) - Tor orificeg iy

thin plates. These are to e:.mh ()Lh(}l‘ 0s 08 tgl
‘064 X 1'431, or as 5:08 to 773, thal is to say,
the loss of mecﬁawzmz power aristng  from the r.
sistance . passing through short tubes is G687 times
as great as when the water Puasses throwgh thin Plates
or mouth-pieces, as in Ifig. 4; and {ho LllSL]lRI‘g‘IHm
mecharical power in plates, is (o t]mL in tubes ag
1431 to 1, or as 1:'G98, the heads uml (]‘HELHLIUES
discharged being the same. :
The whole losg of mechanical ]]OWLI‘ m the passage
is b4 per cenf. for the plates, and about 61 per ¢ent,
for short tubes, If the loss compared with tho whole

head bo sought, wo get, when » s the ﬂm]mrguw

veloctty, .z for the theorotical veloeity due (o the

: 2 Pt
head in short tubes, and its gquars o = <o
! PS4t = a3

13 as the whole hend ; therefore, the whole hend 18 {0

the head due to the dlsuhm‘gjm& velocdly ng »*( (ﬂ to o,

v as 1 to ‘063 ; and as 608 is the cocllicient of re.
stance™ for the discharging volocity, ‘6508 x *(63
337 18 the coeflicient of registance due to the

¥ Table, p. 171,
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whalo ead ; this 18 equal to alogy of 84 por cont.
nearly, or aboub one-thied, — In lilko manner, wo (ind
Q748 % 064 = -0H 12 for the cocliiciont when the dig.
charge takes pilaco through thin platey, or b4 per
cent, of the whole head.

DIA TN AGME,

When o diaphragm, o x, Ifig, 27, is placed at the
entrance of a short tube, we have shown, pago 168,

A 1
(o= 1) "
(e,
that o Joss of head cqual 'WH’L’”*"/ - takes place
Filf|

when » 18 the digeharging veloeity, wheneo the co-
' ' H|

] | ' -A- . '
efiicient of resistance 14 equal (o (nr'b"m .l) yaecording

1

to our definition,  The coollicient of contraction e,
ag we have Lefors shown, pago 170, shiould be taken
equal to 690 in the applicatton of formula (63); and,
Cas it must also be taken eqnal to about 621 when the
aren of the tube A is very largo compared with the
area @ of tho orifico o r in the dinphragm, wo may
assumo thab whoen Z is oqual to
Y A T M

successively, the coeflicient ¢, must he lken equal Lo
02t, <618, 6LH, G183, 60U, GOG, 8o, 00, By, DY, jnd  BO0,
in the same order, A8 the appronching scelion d

¥ I'or the suddon alteeation in the velogity passing throwgh o
dinphiagm, wo wust rejoct the hypothesis of 1 Aubuisson,
Treite ) Iydvanlique, po 288, wd wdopt thad off Nuvier, taking
the loss of hend to eorrespoud Ly the sguare of the differeneo and
not to the diflorence of the sgunres of the veloeities i and after
passing the m4dfieo, o eosiliciont of contraetion mast, howovar,
be variod to suit tho valio of tho elimnnaeld, as it s i this ond the
following pogoes.
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!

may be considered exceedingly large, the value of
the coefficient of discharge or veloeity, as the tnbe

o rg 1T is supposed full, in [‘(Illﬂblﬂll (61), becomes
y &

(66.)’ =4y, (A -
F (”- )
and the coe[ﬁcmnt of 1‘0513&11('

. (A )
(67') (o,
from which equatmns and (he &ho‘vc values of ¢, cor-

responding to -, we havo calculated the following

values of the coelficients of discharge and resistance
through the tube or g, Ifig. 27,

COEFFICIENTS OF CONTRACTION, DISCHARGE, AND RESIHTANUE FOR DIAPDRAGME,

e o

- - n-d el siell Y |
f 3 g & 3
Ratlo | 2 & Ttadin o \
iF CIE EI CR AT O BE T
A g 3 ol A '
L) Ll | L T t?} -

um—

00 | 021 | 080 |inflnite.] 00 | 008 { 4 ! 3118
0% SR R R ST T T V2§ R S L AREYTUATS T Y. 91 R QT
02 | 0L | 140 SO | 8 | D07 | 0 (11O
o8 | lg | 210 108 | O [ en0n | sn | g
Pk 00D | 807 {)+{} I 1:0 | hp0 | ARl uJ.HnI

O [ 000 | +H) (14} -

whliy v

In this tablo ¢, ig the cocflicient of' contraction, e,
the cocfficient of diseharge, suited to the larger section
of the pipe A, at s1v; and ¢, the cocllicient of re-.
sistance.  The diseharge is found from equation (61),
18 ¢ ig here very large compared with A, to be
r 1 V4

— N . %
TAY D=a42g 1, 1_,_ B ""'1);

t C,

1
L+

"""A\/JJJ/L{ }%‘::cdfn/m.
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L
The coefficient of resistunce ¢, {8 here equal (” . 1) ,

and the coefticient of d:hvhulw ¢, = (1 _,' ’ )~.*'

The tube must he go placed, that the water, aftor
passing the diaphreagny, shall 01 it for instanco,
hetween iwo cisterns, when tho height A must he
measured between Llw water surfaces, or when the
tube is sufficiently Iong to o l|11(‘-d, in this case,
however, the height must be deierinined Jrom the clis-
charging velogity, as o portion of the head ig required
to overcome the friction, which we shall havo im-
mediately o refer to move particulaly,

The table shows that the head due to the resistanco
s 549 times Lhat (o to tho thm"lmrg,m,f_r; ﬂlt.iuity,
when tho avea of the diaphragm is half Lho area of
the tube; that i 18, the whole head required is 63
times that duo to*the velocity, nad LluLL the coefli
elent of diseharge is vedueod o <899, 1Ty order to
find the cocllicients suiled to the smaller aren of (he
- orifice fn the dinphiragm o ”, When it 18 (o be used in
calenlations of {ho discharge, we have only to divide

| ‘“
the numbers corvesponding (o A o those of e, op-

: - (f
posite to them in the table, Thus, when =8, we

have the coeflicient of diselaree suited to e ared «,

* For thoe losg sustniined hy contenetion i tha horo of w pipo
by & dinphvagm, seo equations (1R3), (120, and (1205). ‘l'ho
tetual valuo of ¢, in equntion (174) depends on the thickness of
the dinphragm as woll as on the relution of @ and a. Lo form
of the orifico « also alfeots the value of Co-



176
b
o oequal g

f
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|

— 844, and o0 of other values. of 'the

ratio % The ccefficients in the table, page 174, are.

for the larger orifice 4 in the formula » = A ¢, Vagh

SIORT PUBLS OBLIQURE AT THIE JUNOTLON,

When 8 tube is b ===
tached obliquely, as In |==
Fig. 28, we have found |-
that if the number of
degrees in the -anglo
.0 8, formed by the
direction of the tube o g, wil,
be represented by ¢, then <814
coefficient of discharge corres

———— =t

L

et

T IV AIET
i

S il 71

. -
———

iy —T P LAyt
-

et
e

—--_ru—‘:

1 the perpendicular o T,
— 0010 ¢ will give the
ponding to the obliquely

~attached short tube in the Fignre. 'This formula is,.
however, empirical, it it is simple, and agrees pretty .
closely with experimnental results,” As the coelficient

of resisfance is equal - —
¥

here ¢, = FRTT =00 TG d)F —

1

1

1, cquation (64), we have
IR ;

[; from these equations

we have calculated the followinz tablo for heads
measured to the middle of the outside orifiee i~

CORTFICIENTS OF INSCITARGE - AND HRRHINTANGYE 1'OT OBLIQUM JUNCTIONS, |

ool S s i, - i VR, 0SSk e e e oo e

CoeMelent | Caoefclent - CooMelont | QaoMolent
In dugrees, {of dischnayge.|ofveslstunco, | tn degreen, | of disohnrge, | of reslstaneo.
(0° ‘814, {108 A0 il 740
b H0G 513 40 50 778
10 08 B 41 Yl A1
18 700 002 50 il 850
20 Y782 gily 0 ‘Y20 807
2 774 009 60 718 040
30 706 704 05 710 084
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,_The coofficiont of mmlﬂl:mm [or o tuhe ad right angley
to the side, 19 to Che Tike cocffioiont whon il nm]-:ug
g angle of 45 degrees ag -H08 Lo BIG, or as | o ]G
nearly ; and theloss of head ds gregter 0 the sumo
proportion, 1L the short tubo he more than three op
four diameters mlength, friction will have to bo taken
into account, "Tho lw ul 2 19 measured to the oulsido

 orifiee.

' JORMULA TOR BINDING Y1 YIMW 111 SUnpaon OF WATHR
IN A OISPERN TAKBES 10 BINK A GIVeN D 1,——D1§-
OUARGE TROM ONH VESSEL OR OIAMDER INTO ANOTIER

—LOCIC QITAMBERS,

Tnexperiments for find. == S S
ing the value of the coefli- “L*L" -"'-f;;’
aients of discharge, one of g ‘*_n e I#
the best methods iy to ol- SR 7 I

- serve the time Lho waler | “Pf”“"'
discharged from Lhe orifico ottt )

takes to sink the surfieoe in ]nwunlu' § Htt*t'nup,wléln
dopth; the ratio of ‘the observed o the heoretical
tme will then give the eoefliciont songht, A fop muly,
for fincing tho theoretionl time i 14, therelore, of mueh
practical value, I TPt 24 Uhe Limo of fulling from

st to 8.1, i1 seeotnds, iy
A .
(68.) C= 01 o (S,
i which @ i3 the aren of the orifice 0 », and A the

areq of tho prismatic vessel absf or sv; this fornuly is
for measures in J_uul, Ifor measures in inches, wo havo

(69.) l = 1 ;t} A AP0 Js

Exanrre VII. A cylinevicad vessel 54, snehes i

diameter has an. orifice 2 inch in diemeter at o dopth
N
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of 16 inches below the surficce, measured to the centre
1t is found that the water sinks 4 inches tn 81 seconels

what is the coefficient of discharge 7
The theoretical time ¢ is found {rom equation (GO,

equal

5:74* X ‘7804 0329476
Ty oy esal 160 12 = g5 {4 34641},

176566 318
=555 X 5359 =318 seconds; hence, —— T = G24

is the coefficient sought. When the orifice o R and
the horizontal section of the vessel are similar fignres,

A g 74
~ is equal et and therefore, for mrcular cisterns

and orifices, it 18 unnecessary to mtrohwe the 111111-

tiplier ‘7854,
We have given above, formulee for the tlme water in

a prismatic vessel takes to fall 2 given depth, when dis-
Tig. 29a.

P

B T :\,_H:'-\,:'
1 o

R ERL L L =
SN e e, Ny

"-q., "'-_‘\anxx‘ BN
3 b

I,
N =l
charged (rom an oriﬁce at the side or bottom, The time
the surface g 1, diagram 1, Fig, 29, takes to rise
to s ¢, when supplied through an orifice or tube o R,
from an upper large chamber or canal, whose surface
2 AfE
CaavV 2g
# 1 ¥ + ] ' l ]
The time of vising from's to s is exnctly double the time it

would take, if the pressuwre £ remained uniform, to fill the same
depth below =,

¥

s't remains always at the same level, is

!
»
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and we thence get the timo of 11b1nn* from = to s for
measuies in fcet |

A
(694.) = Foige et &} ;
and for measgures in incles

A
(693‘) £ == mg{t—a{ﬁ% -—--f&},

in whiel A is the area of the horizontal section at g7 ;
@ the sectional area of the communicating channel or
ovifice 0 R; ¢, the coefficient of discharge suited to if,
and 4, and f, as shown in the diagram.

In order to find the time of {illing the lower vessel
to the lovel s v, supposing it at first empty, we have
the contents of thé portion below o = equal to s/,
and the time of filling it equal to

- Aﬁﬁ
(69.) 80 el
then. the time of filling up to any level s 1, for mea-
sures in feet, is eqnal to the sum of (a) and (c);
that 1s,

69 = g (2T 7T
| __ A (2}}1 -+ ;?g"— B*f&/"f)
—  8026c,aht g

and for measures in inches

| A2} hy 2
B9m) T = g7y, f3{2+?:4: /zi}

A (20 - by — 2 Y)
- 27-8cahy  °

When sT coincides with s#

, A (20 + D)
(3e.) t =805 Cq et e}’

for measures in feet, and

N3
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| A20 -

(69¢.) T = 2('7*81(:;;/:;)’

for measures in inches. These equations are ex.
actly suited to the case of a closed lock-chamber
filled from an adjacent canal,

When the upper level ¢ 119 also variable, as in
Diagram 2, the time which the water in both vessels
takes to come to the samo uniform level ¢' ¢ s 7, is

2a0(h iR 2AC(S )
(691.) ¢==- - LU
cda(a—l—o vy, cat (A -+ ©)V 2g

in which %4 4+ A— /4 = f -+ fiis the difference of
levels at the beginning of the flow ; ¢ the horizontal
section of the upper chamber; and thoe other quanti-
ties as in Diagram 1. Ascfi = A/, we find

rhi=2E ="
Now, in order to find the time of falling a given
depth d below the first level 8" %, we have the head
ahove &' ¢'s ¢ equal to f; —d in tho upper vessel, and
the depth below it in the lower vessel equal to

G(ﬁﬁ <) . whenee the difference _of levels in the tywo
vessels at the end of the fall ¢, is
o{ i Hr?) A0
fimd + 23— a,
The time of falling t]uough « 1is, thercfore, from

squation (69 m), |
| O~ A
dao(f A} AAC { (— (ﬁ“‘d)]

e

1) &= ¢, (A-0) \/2J th (A "I' 0) \/2-9

% AC (A -+ 0) (f—-—d)
lcd(,z(xwl-0)\/29i‘}F—I_Jq')a ( | )}’ |
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o which v/2¢ = 8026 for measures in foot, and
equal 278 for measures in inches,  The whole time
of illing to a level the lower empty vessel, is found
by adding the time of lling the portion helow g, de-
termined in o manner similor to equations (68) and
(69) to bo

| J . , ; ¢
(69x.) a};f;g!'/{(fh + /) (I "l"fi““{%f\) Jl’
to the time of filling above n, given in equation (),
when % is taken cqual to zero.  Tiquations (i), (1),
and () are applicable to the case of the upper and
lower -chambers of o double lock, after making tha
necessary change in the diagrams,

The above cquations require Turther extensiong
when water flows into the upper vessel while also
flowing from it into the lower ; sueh extensions are,
however, ol little practical velue, and wo thereforo
omit them,  Jfor sluices in floed-gutes with sqnare
arrises, ¢, may bo taken wb about 646, but with
rounded arrises, the coeflicient will rise mueh higher,
See Srorrons LLL and VI,
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STHOTION VIIL

FLOW OF WATER IN UNIFORM CHANNELS~—MEAN VELOCITY, -
. Mmm RADIT AND [YDRAULLG MEAN DEIPIRS.~BORDRR,

| TRAIN.—IYDRAULIO INCLINATION.—LFFECTS 0F PRIg.
TION,—FORMULA FOR CATOULATING LIE MEAN VELOCITY, -
—ADPPLICANION OF THB TORMULA AND 'TARLEY 10 tup
SOLUTIONS OF THREN USEIUL PROBLIMS,

~ In rivers the velocity is a maXimum along the
central line of tho surface, or, more corveetly, over
the deepest part of the channel ; and it decreasey
thence to the sides and bottom : but when backwatep
arises from any obstruction, cither o submerged
weir, Fig. 22, or a conlracted channcl, Ifig. 28, the
velocity in the channel approaching the obstrnction
ig o maximum at the depth of the backwater below
the surface, and it decreases thence to the surface,
sides, and hottom. When water flows n a pipe of
any length, the velocity at the centro is greatest, and
ib decreages thence to tho sidey or eircumflerence of
the pipo.  If the pipe be supposed divided into Lo
‘portions in the direotion of its length, the lower por
tion or channel will be analogons Lo & small river
or stream, in which the velocily is grealest ab the
oentral line of the surface, and the upper portion will
be simply the lower reversed. A pipe fowing full
gy, therefore, bo looked upon as o double stream,
'd we shall soon sce that the formulw for the dis.
wge from each kind are all but identical, though a
e may discharge [ull ab all inclinations, while the
inations in rivers or streams, having uniform
lon, nevar exceed o few feeb por mile.
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MUEAN VELOCITY,

Tt is found, by experiment, that the mean velocity
s pearly independent of the depth or width of tho
chanmel, the central or maximum velocicy being the
gane.  I'rom a number of experiments, Du Budg
“derived empirical formulay cquivalent to

v,V
p=y =V VR V= - 1, and v(viLY

in thege equationd » ig the mean veloeity, v the max-
imum surface velocity, and v, the velocity ab the
sides, or hottom, expressed in Freneh inehes, Tables
caleulated from these formulw do not . pive correct
results for measures in Koglish juches, thongh they
are those gencrally adopted,  Dispegarding the dil-
ference in the measnres, which are as 1 to 1-0678, it
will be found that, in the generality of channels, the
mean veloeity 1s not an arithmetical mean between
the veloeity ab Che cenfral surface ltne and thab atb
he bottom, Lhough nearly so belween tho mean
bottom and mean surface velocities.  Dr. Young,®
modifying Du Bulit’s Jormula, assumes for Iuglish -
inchés that » 4~ »¥ = v, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>