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"Nota i1 moto del livello dolli'acqua, il quale £a a uso
de'ecapelli, che anno dus moti, de'quali 1l'uno attede al peso
del uello, 1ltaltro al liniamento delle woltes cosi 1l'acgua &
le sue volte revertiginose, delle quali una parte atiende al
inpoto del corso principale, l'altro attedo al moto incidste
© roflesso”. |
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An important nroblem in flow in open channels is the removal of
expoos water from the channel, and a widoly used method of achieving
this 15 by means of a weir formed in the side of the channel; a0 that
wvhen the level of tho water rises abowve the crest of the weir, discharge
from the channel ocourse Such a deviec is termod a side weir (Fig. l.l).

Varlants of this deovice consist of a welr on both sides of the
channel in order that the overall length of the construction may be cut
down; alteration of the channel section downstroan of the weir otce
Thege end othor variante have boen deseribded by Lloyd-Davies and otlersl,

The dangers of errors in the deaign of a side welr are obwious.
In the case of opon aquoduets, overtopping will canse flooding and may,
by scour, damage tho agueducte In sewers, where side welro arc used
to a greet aubent, surcharging of the downstrean section can, anl often
does, occur, and the nressures so devoloned may cause damage to the

gewer itself,

142 Aveilable Inforngtion.
An exasdnavion of the awvallable information on side weirs reveals
an abandango of formlee and o great ccarclly of experimental worie
the literature on the subject contains such statements asi=
“If olde weirs are used and no proner tiwrotile is nrovided errore
ney exoeed 200,-6“2.

o indication is given as to thp nature of a "proper tiwottle’,

The mmixrs refer o the bibilogranhy, nage 65 .



¥In using thic formla, assume a roasonable value for h,
denending on the permlssible fluctuations in maxdimum water surface
downstrean and solve for 4. If too lon; a weir ic obltalned for an
ccononic design, use a larger value for h? 3.

Study of formulase used in dritish and iAmerican practice shows
that those formulae are purely emnirle and often contradictory, having
teen develoned before channel {low nhenomena were comnletely understoods
Coatinental formulae, uiile taidng inlo account modern concepts of
chammel flow, suffer from the lack of exmerinental data.

Ffor the above reasons, 1t was felt that the subject offered
scome for atudy which, if succossful, would yield useful resulis,

Ledo  Prelindnary Inveotizations.

Due to the contradictlons of the various formulae, a omall pllot
model of a side welr in a rectangular chamel was oona‘hameted in ovder
that a qualitative otudy could bo made of the flow, before any major
exmerinents were carried outa The model results gave & very clear
indication of the behaviour of a side weir and showed that the mxie of
motion is dependewt on the pronertiss of the dowmsiroam channele In
all, tiree distinet modes of motlon were motedi=

Gose I+ Tige 12  Ranid flow in the main channel with the

denth of flow decreansing downstream along the weir lengthe

With a nild slone in the downstresn channel, a Jum

occourred downsirean of the welr section, its position being

donrendent on the dowmstrean backwater curve. * The depth of
flow ia the nain chamnel at the comiencement of the welir
gection was anproimately the critical depth, and obwiously



this case was not ocneounterod where the weir height was
greater than tho critieal denths

Goge II. Fige loJe  Tranguil flow in the main channel with
the denth of flovw increasing along the weir sections This
cagse was met with if the weir height was greater than the
critical dopth or if the dowmstrean channel wns dammed back
and the length of the weir wvas relatively shorte

Coge 112, Tige lebe  Hanid flovw at the start of the wedr
section, a hydraulic jump in the welr section and tranquil {flow
after the jJume Ihis case arose when the darming back of the
doumstrean channel wao not sufficient to cause Case II flow to
develons

Lele . liodn duveotizabionoe

Frem the exmerience gained with the silot apparatus, asperiments
were cmxried out in a nrismatic, rectangular channel whose width could
be varied up to 9 ine The weir length and depth could be varied,
tims allouing a study to be made of the effect of varying the dimenslons
of the weir seciions The discharpe and head varlation wore investigated
over a large range and it was found that the flow agaln reproduced the
threc modes of motlon Gescribed aboves

Iron the resulis of these investigations, and from a thooretical
annlysis, seml=omplricul formulas hawe boen evolved covering each case,
for rectangular channels

These forsmlae nrovide a complete explanation of side weir
phenomena and, it is fell, give o reasonably aocurate basis for deasign

MUXDO0C Ue



sake GSNSXGL
andede lnbroduction.

ixigting formilas, glving the relationshinsbetwoen quantity,
denths of flow and lengths for side weirs, nay be divided into two
distinet classes; those adwanced before the concept of specific energy,
counled with the princinle of oguating forece to rate of change of
nomenia "*, gave o satisfactory cxmlanation of local phenomena in
channel £lou, and those based on thooe concontas The former are
generclly ampiric, or based on incorrect assumtions, whidle the iatter,
although dimensionally correct, are supported hy insufficient esperimental
wariz, and the variablllty of e:xnerimental coefficicnts with the welir
dimonnlons, and flow conditions, has not been studied.

Practiocally all the experimental work and theoretiocal analysis
has been confined to rectangular, prismatic channels of mild or gero
aslope with horizontel weir croata.

The warious formlae diascussed have been converted into the
notation of this paper (nage 62) and whwere additional symbols are
required, they are defined in the texte In adiition, where posalble,
the formulee have een adjusted to render them indepandent of any one
systen of units. Where Gids was not poozlble the units applieable
arc noted,

This formila is unsupported by emerimental work, but is still

g,




quobed in text boolms=
4, = 0,707 /g L (H=0)¥2
lio indication i5 given as to hov Il is to be detemainod.
3y assuning a constant wvelocity, V, in the main channel and
a dischavge formula of the Francis type for the elements of length
of tho weir section, Parmley arrived at the following expresaions=

e =

i‘hefomlaiadimminmllvcom, ut is unsuwported by
oxperlmental worke A8 will be showm, the assmummption of constant
wlocizyiamnganglmmﬁimﬁiamwnaabhwitamlmuto
be founis L 1o only positive 4 I < H,.

Sxnerinente were carrded out on a channel 43 inchea wide and
6 inches deen, with a weir plate set, as far ac can be ascertained,
1 inch from the channel BoLlone in all cases roported te depth of
flou decreaged Dvom upotrean o downstrean, although it was noted
that, wxler certain conditlons, a standing wave was fomed dounstrean.
Thus the experiments wore confinod to ranid {low (Case I) conditiens
in the weldr sectlion.

Three formulae were advanced, the firgts-

W = 0671 L2TR (1« p)We04S  gugecs,

for a Imife edge wolr, being entirely empirice It will be noted,
howower, that the fommla is almost dimensionally correct. Lxperiments

5 |

with rounded wedr cresic gave slightly varying va'.hna of the ovefficionto.



Dy the erroncous asasuptlon that the discharge over the velr

varics as the channel width, a second formulase=
6, = 1,65 W 1,0e72 (1, = D)10645 cusecs,

wvas empirieally deduceds — This could have beoen obtained from the
Sirst by dividing the coefficient, 0671 by W, and this inclusion of
¥ rexderc the exnression dimensionally incorrect. — This is not
apparent since W wag constant throughout the testas.

From o theorotical analynis, a Semiscmpirieal formulase

L = 055W Vo (?X-D)O'n {ﬁ - m} feat,

vias obtalaede
- o details were given as % the walues of I, H and Vg which
saould b used,

it wvas nobved that alterabion of tho hydraulic gradient of the
unetrean and dounstrean channels had no effect on the walr dlachnrge.
In the light of modern 'mowiedge this is obwious since the flow comidition
oubainin: over the welr section is rapid, and the depth of flow at the
andry gection is amproximabtoly orltical.

The third formmla, together with that of Paraley, are those
cidefly used in British practice 2, although it 15 lmown that ermencous
regulio are obtained.

Zadads  Bogels ©o
X

Oy assuming constant enccific coergy of flow, ingels obtained

s relationshipg -

o
Helly = — -~ ¢
2g WHig? 2 VAR

llo recognised that I must be governed by the dowmstrean channel



conditions and hence, lmowing Ug, U end I, a value of i, could be
obtained, He then assumed the discharge to bot=
— A x
w = &6 J2a (i - D)7 L% \L, (H‘DVL
0. i J

where Gg is a coefflcient of dlscharge andi~

L+e7 = 2ed
in order that the expreseion is dimensionally corrects
Fron exerimental analysis the oquation becanese

woed o fu 20 AP
the vaiues of § cdbeuxgo.mibrawammmstmwm
e gharp crastes The experinentol work was carried out under

conditions of tranguil flov (Case II).
Sone exneriments on welrs having a contracted downstrean channel
gave tle following formulate—

W = f} Ca [-ag ?/(d - 0)207 L&cﬁ

% ¢ having the seme values os before. It 19 stated that neithor the

rotio of upstrean and downstremm channel widths, nor whether the
transition occurs on the weir side or on the other, influence this
formila,

Proceeding from the same assumpition of constant anecific
enorgy, but introducing a term for frictional loases, Forchbeimor
obbtained the following relationshdp Letween the upstrean and dounstrean

hooydot=
Helg = o = 2 /3o + 4 }*

i e At

where n is a friclional coefficicnt, 4n is the mean area of the main

f
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channel ond ! 43 the mean hydranlic mean radiuge The applieation of

the ordinary rectangular weir formmila, using a mean head then gave

w = § %6 Jo (&—;-i-l-n) 3/zx..
There is no evidence of any cmerimental support for the formila
and no value is given for Cg, the ooefficiont of discharge.
2a2eb Yolatta 20
Fron exeriments carried out in a level rectangular channel of
variable dimencions (U = 1240, 24e5 and 40e5 cmp D = 1160, 1143 and
100 gy L = 2047 = 15544 cme) Velatta, after axnining various
formmla, found that the dlscharge formula due to Forchhoimer (2+2.5)
gave the best resultse  lle obvained a value of Gy = 0.64, giving a
scatbor of 3 Fe3’ with a discard of 126 of tho tests. In nlace of the
constant opecific energy reiation of rorchieiner he advanced a
dimensioually incorroct, eapiric formula in order to complete the
solublion: -

!l-BQi ,
L = 19D ¢« 0ed2 TRYRY netrea.

Tle also concluded that flow with a decreasing depth of flow
along the welr from upotrean to dovmstrean (Case I, Rapid Flow)

RLaeseesse Gamot be other than a narticulsr case and Alfficult
to reproducc, obtainin: under condiilons which the Snglish experimonters
Caoleman end Gmlth have not made clear',

Thic conclasion is not surnrising since in each of his 63
tests the weir height was groat compared with the depth of flow ower
it and tranquil flow was aluays obbtained,




Pavre considered the general cesc of water eatering or
lsaving a channel of variable croos seciion and, by applying the
nrincinle of equating Jorce W rale of change of mowentum botween
two sechions an infinitesinal distance enart ani maldng allowance for
friction losges, obtained the following differential equations=

‘ b
gl = » 1:2: 3(1!..' . "E"gl +(1»¥,—*) g‘
were k 45 a frictional coefficient, M is the hydraulic meen radius
and 7¥ 35 the comoment, in the direction of £low in tho madn channel,
of the welociby of the quantity of wnter being discharged from, or
rocoived intc, e main channcl, |

s equation can be reduced te a flndte difference: forms -

¥n  , VR avy? LA T
mAqu -~ Q(I-W) W
visere AL’ is the inerease in denth of flow bobwoen sections 1 and 2,

~Ah" =

distance AL anart, enl wiere Vn and in are tlo mean voloelty and
mean aree of flow botwoon sections 1 and 2,

It w1l be showm later that, due to a supposedly second order
eonroximetion, the formula is only annlicable (o prismatic channela.

It may be noted that, in the case of wuber being discharged
4n cuch a manger that V¥ = Vn, the formula reduces to one similsr to
that advanced by Forchheimer (2¢2¢5)e  Again by droppdng the
frictionsl term, a reductlon to the cssumniion of conctant apecific
enorgy madc by Engels (2.244) reosulbs.

The oguation can nmot be solved unless Lhe guantity entering
or leaving tho main chamwl in the length AL and its veloelty
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couponent in the divectlon of flow in the nain channel are lmowm. If
theose are indonendent variables, as in the case of a collecting channel
being supnlisd in such a mamner that the supplying flow 12 not
controlled by the mein channel, the solution is straight forward. If
they are dependent variables, as in the case of discharge from the
main channcl, by holes, siphons or side weirs, or in the case of an
interfering supplying flow, awother cxvresaion relating quantity, head
and length must be sought in order to obtaln a solution, This i3 not
mede clears  The complexity of the equation prevents a ready discussion
of the posailbdlities of {low,

The formula was verified on several

ns for collectors,
notebly on stuiles of the Boulder Dan spillways 2, and Favre and
srendle 13 carried out a further series of tests to cheok on tho
frictional term in the formula, The experimental work was carried out
in a level rectangular channel, 20406 cne in wldth, Heirs 200 cne
long were lot into the walls of the main channel on both aides their
eresto being semicircular of 4 cme radius and at a height of 21,96 em,
from the channel botiome llo variation wms made in thepe dimensions
throughout the testss

Proliminary tesic consisted of determining the relationsidp
betuoen the {rictional coefficient and the wveloeity in the main channel
and in deternining the relatiomshin between the head over the weirs
and the discharge. This latter was accomplished by allowing
dischorge into the main channel over the weirs from supply channela,
which were of such large dimonsions that a constant head was ebtained
over the length of the welra, Joth welrs gave the same ecalibration

CUlVQe



A geries of 9 testa was carried oudt with the main channel
actlng as a collsctor, being supplied by the large channels wia the
weira, In this case tix quantity of water anmmm@
unit length was constant, bedng given by the calibration tests and a
straight foruard solution for the finlte difference equation was
obtaineds . Theoretical anl exmerimental regults agreed falrly well,

A second serice of 9 tests was carried out with the weirs
fanctioning as side woirs, discharge talting place over both weirs,
anl a tidxd series of 10 tests, with dlacharge taldng place over one
welr oaly. In both cases the flow in the nain channel was traxuil,
In calculating the theoretisal curves a trial and error method had to
be adosted, baldng the dlschavge for o length AL from the mean heed
over the welr and the calibration curve,

In the side wolr teats, theoreticanl myl experinental results
agroed very well, the inclusion of the frictional term nmalking very
Little difference,

2,3.2, De Mapahi Ly 150

In a theoretical analysis, De larchi assumed that the specific
energy remeined constant along the longth of a side welr and that the
dischorge per unit length of the weir abl any section wms proportional
to tho head over the welr at that section ralsed to the power ¥/2
lle diocussed tho implications of this in nrismatic channels and
arrived ab the following equations governing the behaviour of the welr,

w = s f{28 (Co= =)}

L ]
ox ; 2
%.%w - ::cc,,/z; (£ - D)

i1



wvhere &y i3 the specific energy of flow ab the entrance o the weir
gsoctionte
2
o = !9—. + lice
g
The mode of motlon was showm to bo dependent on the
downairean chammel pronerties and oa the weir height, ad the full
{mlications were not discussed, tiwce modos of motloan being showm
0 be ~ooallilete
Ae Tranqull £lov in tho watrean and downsireasnm channels wdth
D> & Boand B > Hy, > Hy
Be  Lonid flow in the usireon and dounstrean channels with
He > Ho > 1
Ce  Tranjuil flow in the upstrean channel, eritical flow ab the
entery section and o hyiraulic juza_ri in the downstrean chamnel
with
PLGBy ad Hy = Ho> N
A grophiesl method of obtelning a sten by step solubtion wes
indicated, and for the case of a rechbangular channel an analyticsl
solution of the problen was obitelined givings-

v (o) - 6(2)

) - B a) - o e (2)

in obtaining this formile (3 was asouwmed to be constants In the case

of trenquil flow Q)(-'-L) changes very slovly as H tends %o Eqy and,
“o
therefore, large errors are lhely under these conditions in

12
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dotermining L .

This thwory was investigated by Geatilind 16 in a series of
12 testa carried out in a rectangular level channel of Rl.4 cm. widthe
The weir crest wap knife eodged and set at varying heights from 5.00 cue
to 25e23 cas, cbove the channel bottom. Two lengths of weir were
used, 1063 cme and 4969 cme Of the tests 2 gave tranguil flow, and
4 geve rapid flow conditiondee

The theory gave fair agreement with the results for the
tran ull flovw tests, taldng Cjas 0080 but in the ranid flow tests no
puch agroement was oblained and Gentilini's conclusion was that the
theory applied whionse=

2. 3.
o > 09 and E°>0.75

citrini M pointed out that an apnrosimation could be applied
widch simmlifiod caloulation, and Ruggloro = showed that, for tranquil
flov, o closer agreenent oould be obtained (with Gentilini's results)
if Cq was assumed to vary in agecoordancoe with the Rohbock formila,.
Rugglero also attennted to inwestigate the pepid flou results, tut
asince thore are only four tests, his theory, besides being based on a
wrong assumpiiony 1s of no great importanco.
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akale  Gepesel Arvanceneii.

The apparatus consisted of a lovel, aluminium=lined,
rectangular, wooden channel 3 ine wide by 3 ine deep and 12 fb.
longe In the cemtre section, the wod of one gide was cut away
and a wedr formed in the emosed sluminium wall, with ito crest
at o height of 3/4 in. above the chemmol bottoms  The vertical
oidos and the weir crest werc worked to a Imife edge form, The
initial tests vero carried out on a wedr length of 15 ine, and the
length was thon extendod by cutting away the aluminimm to lengths
of 22} in, and 30 ine  An alumintum faced wooden batten 10 fb.
long provided the moans of varying the chamnol widthe  The water
discharging over the weir was passed to a collecting chamnel and
thenoe to the sump of the laboratory supply systeme

daleds ipaourement of Deoths of Llove

A straighieedge, carrying a denth gauge, was supported over
the mein chennel in such a wey that depths of flow could be neasured
at any podnt,

dalads Wgter guonly gad Colllraiione

Water wno cupplied from the laboratory system via a stilling
tank, and calilwated orifice tonks were used to measure the flow in
the main channel dowmstrean of the weir, and the discherge over the
wolr.

The arrengement finelly adonted was similar to the pilot

14
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apparatus and 45 shown in the pholtogranh,; Fige 3ele The
rectangular chamnel was 9 in, wide by 9 ine doop and 20 ft. long,
tho woir longth being variablo in steps of 1 ine to 5 ft., and
means being nrovided for pettdng tho wedr crest at any helght above
the chamel floor, and for varying the width of the chammel, Deotails
of the arrangoment are chowm in the sketeh, Mige 3ele

a2e2e Ihe laln Chonnole (Fize Jege)

The channel was constructed of tiwee, 6 £Us long, wooden
gsections, the contre longth Lelng L shaped in crvas=section and
fitted with angle Wracketa, g, which ecarried the weir plabes A
metal tank, ), was comected to the entry of the chammel and fitted
with a perforated nlate, g, and vanos, ¢, for the purpose of smootihing
the £lous The channel terminated in a 2 f% long, metal soction,
gs incorporating a slules gate, £, at the junction to the woodon
channel for the purpose of controlling tiw downstrean discharge and
water lovel, The width was waried by the insertion of a 12 £t
length of framed hardeboard in the channel, the transitions to the
9 4ine width boing made with floxible hard=-board extensionse The
arrangenent was supported on wooden trestles with the bottom of the
chamnel set lewvely, no provision being made for clope variations

el The ¥elr Platee (Fizse 3a2. 3uda Jede 3u8)
mmmwnuaymmwawlm,.em
long by 2 £%. deepy having a section, 5 £t long and 9 ine deop, cubt
out from it. The upstrean vertical end and the crest were of
Imifeedge section, and holes were drilled for the murpose of
attaching tho plate to the braokets on the main chamnel (g, Fige 3e2),
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these irackets being slottod to allow vertical adjustment of the wedy
creste A hemagon rod, g, Mige 3«4, wns holited to the front of the
wsir, 3 ins bolow the crest, and a 1 in. by 1 in. by & ine angle, }
Pige 3¢k, vas fittod to the top of the nlabtes

The length of the weir was wvaried by means of a serics of
motal plates of lengths 2 £t3 1 £t. (2 thus)y 6 4ns 3 ims and 1d 4m
a special ond plate 1F ine long being provided to give a vertical,

odge termination to the welrs  Theoe plates bore against the
angley by Fige 34, at the top, and were prepared at the bottom to £it
the crest of the weir, boing held in position by stecl U clins, g,
Fige 3+ at tho top and by cantilever clips, g, Fige 3s4 at the bottom.
The photograph, Fige 3.5, shows the arrangenont.

lo means vore nrovided for altering the slope of the wedr
crent, this being sot level and parallel to the tottom of the
dmn-.h.

411 gtoel parte were protectod by cedmiun plating

mmmmmmawammm,ma
channel, 9 ine wide by 9 ins deen, constructed of framed hard=board
anl set parallel to the main chanmel, 5o as to receive the dlscharge
from the side welr, It terminated in a bross, reootangular weir
provided vith an inclined manometer, g, connocted to tho bottom of
the channel at a distance of 2 fte 4 ine from tw welrs  The manometor
provided a means of measuring the hoad in the collscting chammel and
the rubber tubing oconnection was fitted wlth a short length of
canilliary tubdng as a dammer. Smoothing vanes, j, were also
nrovideds
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Zalede. lisgauzencnt of Doptho of Klov, (Pize. Jels Je3)
The denth gange consisted of a { in. square, aluminium rod
groduated to 0401 ., held by oprings in a brass mounting, and
sliding froaly in this mounting under a slight pressure of the
fingore A ¥ ine diameter, tracs rod,with a conical point, about
3 dne long, wac soroued to the bottom of the alumindun rod, The
asoonbly was carrisd on a 1 in. square, copper bar, 6 £be 6 ine
long and engravod at Oel £ intervalo. A view of the aspembly
is shown in the photogranhy Fige JeS¢  Four 1 in, dianeter steel
bars, §, fige 3.2, wre sot at intervals along the top of tho main
chamel and adjusted to lie in the same horisontal planc. On
- these the comnor bar oould be mountode
It was found that the reading acouracy of this relatively
oimple systen wos of the order of » 0e001 ft. with a still water
Under Case HI and III condiiions, it was not found possible
wmm«mmwwdxmmm
and for this reason, a manometer, [, Fige 3.2, was fitted at a
dictance of 7' 6" firom tho ontry to the weir pection. Fitted with
a length of canilliary tube as a damper, tids afforded a meamwe of

flou obtains in these cases, the effaoct of tids ctatic pressure being

moasured at a varying distance fyom the end of the woir cection is
cmall since the pressure will change little with lemgtie.

17
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The laboratery 1o oquipped with a comtrifugal pump of sboub
1 cusec. ¢apacity supplying a tank, 2 £t. square, and 4 £t. doen,
vhich 1s fitted with a long, overflow weir to provide a constant hoad.
A triangular weir 413 fitted to the tanke Irom thds tank a supnly
~was taon via a valve and a 5 in, dlameter, floxible, rubber pipe to
the inlot tenlc of the main channels . After pasaing tirough the
apparatus the webter wms returned to the punp sump,

Oving to the laboratory layout, the madimm available head
betwoen the supply tank and the entry tank was about 2 £t. 6 ine, and
1t ws immopalble to imsert a critical section, such as an orifice or
a weir, botweon the entry tank and the apparatus and nrovide adegquate
flove Gven with the otraightethrough comection, & nadimm discharge
of 05 cusecs was all that was obtained,  This meant that the long,
overflov weir could not be used aince the experinentel srograme
denandod a constant flow for varying conditions in the anparatuse
Fortunately, the pump delivery is very constant and the supply valve
of the pump was used directly as the flow controllor.

dad=7s Collimation of Lhe Appavatus.

The triangular woir on the supply tani: has been calilwratoed
by direct volume measurement, and tho woir on the collecting chamnel
was calitrated from ite Water was allowed to flow over the weir
of the supply tank until oteady conditions obtained, The gato valve
was then openod and the flow eirculated via the main channel and the
oide weir to tho rectangular weir on the collecting channel, the
sluico gate on the main channel having been closed. A calilwation



curve of quantity ogainot tho roading on the inclined manometer was

A wedr could not be mounted on the main chamnel because
of the lack of space to provide e sufficiently long chamel after
tho sluioce gates
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e _Sxperizental Procedurc.

For ‘each test asries, the quantity flowing in the wnstrean
cheme). was kent constant, the welr longth being varied by moans of
the detashahle plates, and the downstrean chennel charecteristics
boing veried by ncans of the slulce gates

Tests were carried out with channel widths of 3 ine, 6 ins,
and 9 ine, respectively, the weir height being kent constant st
04055 £%a  Table 4ele Zives a cummary of the tests carried out
and includes those of Favre & Draendle and of Gembilini and in the
tables in the appendix detailed results of each tost may be founds

 For each test serics, the punp valve was sot to give the
roquired quantity, and the weter allowed to flow over the triangular
welr on the main supply tank, the valve supnlying the alde wedr
the quantity was measured.

The valve supplying the side welr apparatus vas now fully
opened, and the total flow allowed to nass tlrough the apparatus, via
the side woilr, to the sumpg the sluice gate on the dowmstrean
chamnel being kept closeds

When steady conditions were obbtained, a reading of the head
over the weir in the collecting channel uns made in order to obtain
a checlkte At intarvals tlwoughout the test series the whole flou
wvas passed over this weir as o check that there was no change in the
total quantitys
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4ede Coso 1e Floy = Meagurenent of Surface Profile and uantitiege
Tho sluice gate in the downstrean channel was now openad
fully and the side weir length inerecsed until smy further increcse
would havo resulted in a clinging nanpe cocwwing on the side woir,
Veamurements of denths of flow at the affle wedr epest, at the eentre
of the channel and at the back of the chanmel were thon taken along
the weir at 3 ine intervalo, The quastity flowing ever the oide
mm‘mmwmam*.*h“m
The longth of the oide woir vas them feduced in 3 ine
stene, the quantity floving over the side wedr bedng measured for each
longth and measwenonto bein made of the denth of flow at the
bemmdatunoxdct&nnum Itwbamm
that the profile remained unaltered in the weir section as the leongth
was reduced,

mmmmam. turiulence wes very great
and in Case III flow it wes accompanied by a surging, or oacillation
of the position of the jump. For this reason measurenmonts of de-ths
of flovw at the dounstrean end were very inaccurate and the static
mmmaémmmnmwm,
m the manonmeter deseribed in Section 3e2e5e

The side woir was lengthened to its initial length and the
sluice gate oet to a position to give Case II or Case III flow, this
procedure bedng rewated to gilve a mmber of tests for the chosen
lengthe
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nxmmnm.mqmuwmmmmaﬁmm
tho depths of £low at the comnconent of the velr cootdon, ond tho
mmaWWWmm

With Cnge III flow, the length along the woir gt wiich the
$um oovurred was also noted.  The estimatdon of thls length was
vory difficult owing to the unstablo mature of the £low, in some cases
the range of surging wes of the order of 9 ine  Varlous nethods
of danpdng were emmloyed such as nerecns, floats and constrictions,
mmmn:mmmm‘

The above procedure uas then rovcated for verious lengbis
of side woir.
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In any problem of flndd motion, the varlous factors affecting
the flov fall iato three main classess= (a) the geometric shane of
the flowing fluid, (b) the flow characteristica such as veloeity
and pressure, and (¢) the physieal properties of the fluid, The
theory of dinensional analysis affords a method of arranging these
factors into significant dimensionless groups, in order that tho
effeot of each on the flow may be studleds The usual method of
. presentdnz the result, for the dimensionlenss grouns can be arranged in
several ways, ic as followsse

S8 - & . gPV: . Exvi,..ﬂ_;!‘__.ﬁ“'_:l_ VFZ)zo
vhere @y by €5 A seeesese ave lineal dimensions defining the
goomotric shape of the flowing liquide

V 1s a velocity at some nart of the {lowing liquid.

p 49 @ pressure at some part of the flowing liguid,

P 0 the density of the fluid.

M 13 the viscosity of the flwid,

¢ 48 the surface tension of the fluid,

€ is the modulus of elasticity of the Lindd.

o

The relationship conbains a seriecs of dimensionlese
parancters uhdch are nurely geomotric and define the geometric

ies of {low "/b. ."/30 .'/d sessessseal o dinmensionlsas
pareter E-’l involving the flow characteristics; and a
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series of dimensionless parametors, % ' g}{‘-n %f‘ and
VJT’_/; which involve the physical properties of density, specific
vaight, viscosity surface tension and elasticity. Theee last
paraneters are mown as the Froude, Reynoldg, Weber and Mach mmbers
regsnectively and the exhreseion 45 usually written aos-

e.F “UE B . evees PL) wesessssnsnssananes Sule

In the particular case of the aide welir it is posaible to
eliminate several of the variablesc from the emression by studying
resultc vhich have been obtalned in other cases and which, although
not entirely sinilar, nevertheless have narmeters of the same order
as those of the aide weir,  In particular, the surface tension and
elasticity of the fluid will have little effect on the flow so long
a8 oertain nrecautions are talen,

Surface tension is of immortance only in cases where the
curvature is anpreciable, that is at low heads over the weir and in
cases of clinging nappes. If this condition is avoided in model
studies the Weber mmber may be dropped from oquation Sele Ina
ginilar wey the liach mmber, which represents the ratio of the
volocity of flow to the veloecity of an elastic wave, will mot affect
the flow unless veloclides are extremely high and henoe can be droppeds

A third paranster, the Reynolds mumber, requires further
considerations The Reynolds mmber is indicative of the rate of
dissipation of energy and if this 1s low compared with the total
energy of flow, the effect of viscosity can be ignoved. A side weir
hwwuaMMdmﬂmm&ma
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relatively small part of the whole systeme The velocities are of

the same ordor as the chamel velocitlea, even in cases where rapid
flou is involved, hence the rate 4f energy discination will also be
of the same order and unlikely %o be aignificant over the wolr section.
In addition, écq:orlnantal analysis of similay local phenomena, such
as the hydranlic junm an? recent studies on high velocity flow in
onen channels ”, has shown that the Reymolds mmber may be ignored
in such onpess Doespite this it is possible, as will be seen later,
to determine the annroxinabe magnitude of the offect of visccosity
and friction and make an allowance for ite

2akede Annlleation o Che Sido Weldy = Gopergle

laving reduced equation 5.1 by the olimination of these wariables,

1% nay nov be coplied to the problem under considerations  Reforring
to Pige 5e1, and asouning that the directlon of mean weloclty in the
madn channel 15 along the L' axis, the zoro of the L' axis is taken at
the commenoement of the velr section. Let G, the elcvation of the
lowost otreanm filament in the main chanmel above the datumy bo
expremhleqaaﬂm.imofl: and Go, the value at tho commencement
of the sections Sinilarly, let D, the olevatlion of tho weir crest
above the datum be a function of Do and L' § ¥, the width of the flow
mmmmmfumuymmwmmwmm
of the weir, bo o function of Wo and L Finally let S, the aree
of flow in the main chamnel bouwxed by the wotted perimeter, the flow
surface and the vortical through the welr erest, be exrressible as a
function of L' and Wge It i asoumed that the crost of the weir ic
parallel to the L' axis in the vertical plance I£ this is not oo



another parameter mast be introduced. Lot Vg ond Hg bo the mean
volocity in the main channel and tho mean helght of the flow surface
Mthem.mﬁlwntatthammdmw
sootlon, lot ¥ and H be the mean velocity in the main channel and
o noan helght of the flov surface above tho lowest strean filament
at the end of the welr sections |

Finally lot p bo tho pressure intensity of the lowest strean
mmmG@Mncmmlatthee:ﬂofmmm

Conaidering the flov as a whole, equation 5.1 may now be
written ass=-

e!gi ' '.'Cpl (é&&o 2.‘ 4%0 eg'é-) T sesssasecnes Dol

mnumumwmmm
_ lfthafonofﬁﬂ.lﬁmzlsMamofpunb
mwmmemeomtm.
Rtbmwh&tymtmmchmlstt}n end of the
whmeﬂmhmhhnmplmeof'”eqmtms.lmmu

0 by(le Bo o Ko Ba, O 0N

) seesssssses De3
o PR, R, THR NS e ¥ Hy

‘ ' 2
The additional Froude mumber, ?ﬂ" which defines

conditiona in the chamnel doumstream of the weir, muct be included
sinoce the flow is nou divided and the contimuity equation of constant
quantity doocs not hold.
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Zadale GOURTTLe

The dimonsionnl relationshine develoned above do mot indieate
how the variables will be combined or tho fom of the fimetion and
this must bo investigated by exmerimontal analysis.  Attemsting to
annlyse the experimental data where five or six wariables are concerned
13 a formidsble task, and an enalysis along more classic limes will be
of essistance in infeating the mossible form of the fimctions or a
.lwmm&mwwemmma- ‘

The £low conditions at the weir are very complox and any
treatoent mst of nocessity mae certein asswmtionse  These
is wjustified and inovitably exmerimontal coofficients must be
introduced, For this reamson, the apnroach to tho problem has been
to obtain simple formilas, adjust the formulas by experimental
coefficionts and investigate the variation in the coefficients with
the variation of the simificant dimensionlecs variables obtained in
the dimcnsional enalysis.

It may be noted, at this point, that the following analynis
wns carried out before the work: of Favre and Do Marchi was brougit
to the author's attemtion,

Congidar an clement of length of side weir as shown in Pigs 5e2e
¢ 15 the quantity of vater flowing in the uain chamnel, at distance L
fron the commonoement of the weir section. The main chamncl is
defined, as bofore, as the ares §, bounded by the vertieal through the
crogt of the weir, the water surface and the wotted perimeter,  The
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aree of £lov in the main chamel is a funotion of L and of a depth
of flow, 'y ubich is talen as the average depth of £low in the main
channel and which is itself a function of L o

The asoumptions wilch rmst be made before starting the

analyuls are as followss=

le

Lo

The pressure head at any point is equal to the depth of that
point below the flow surface, This assumption 19 usually mede
in chamel £lov anclysise
The velooity, V', is unifomn ab any section in the madn channel,
Tils asswmption 45 the uoual oné made in chamel flow problese
A corroction faptor can be applied but consldering the obher
ssmmplions, no gain in accuracy 1s likely to be madee
Frictional losses ave ignorod betwoen section L and L + 8L .
This 4s oquivalent to assuming that flow conditions are
indopendent of the Neynolds fumbers
The component of the velocity, parallel o the main chanmel, of
the quantity =&Q passing ower the welr 45 oqual to tiw
velocity V' in the main channele
After the quantity -89 pasees through the vertlcal through the
weir crest, there is no pressure al any pointe
The lowest streanline ic horisontal or of much a small slope that
it can be assumed horizontal.

iquating foroe to rate of change of momentum botwoen sectlons

L and L' +SL and ignoring the frictional resistance and tho
component of weight of the {liuid,givess-

Tl

SZ » &éx = ﬂ:-‘lL;_-é-!'—l-tcs +48)(z .Sz)
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whore 7 is the depth of the centroid of the transformed soction,
ubich is defined, Fige 5¢3, as the soctdon having the same area,
and tho same bedding denths agross the flow muwface but wAth this
surfase horigontel,  The mean helght H 4, of course, the same for
botl sectionse

On sismlification the above equatlon beconess=

B & faon

Mm&beumniedm-

'} y ;
Gr'eop d@es MR W

Tlow it nay be showm thati-

aﬁd the exnression now becomeat=
1'%-!'3 L aﬂI - g & W ﬁ]’o‘ Ssatscssratessstrsnnssnne 5'4

Tads expreseion is not of much use in its present form, and before
intogration can bo carriod out, f must bo emressible as a function
of Le In addition, another equation, conncebing quantity and
longth, 18 required before e solution cun be obbainede

Gonsddering o channel where S and & ore functions of H’
alone, that is a priomatic channel, equation 5.4 nou becomeste
xfu',-dg’
g
Intograting anl inserting the boundary conditions that at the
commonoenent of the wedr seetion v/ = Vo and I = 1, givest-
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viere Ly 1s the specific energy at the commencemsnt of the woly
sectlons

7his eoquation is no more than a stelement that the specifie
energy of £lov, !2.;3 + 8 4o constant; that is, over the veir
longth there is no emorgy exchange between the water in the main
chamel and that flowing over the wair,

In the revievw of Pawre's theory (paragresh 2.3.1 nage 8 )
it wao noted that by droppdng the frietional ters in this eguation,
it reducod to a statencnt of constant specific ensrgy for the side
wolr cases = It ic obvious from the above that this is only correct
for prismatic chamnels vhere the tern & ¢ SGF . &’ vanlahes

2sdeke  Bossible liodeg of liotion In Prisuglic Ghonnels.

B wondis vitelasd shove fuv selsmeble shenmels, that the
spocific energy of flov remains constant, leads to the fact that,
for conventional chammel sections (rectangular, circular, ete.) there
are two posaible depths of flow for a glven entry quantity and given
entry smecific energy, these denths corresponding to rapld and tranguil
flou respectively.

In the majority of cases the flow in the upstrean chamnel
vill be tranguil, so that the depth of flow at or near the entry to
the weir vill mever fall below the critical denths  lHence in these
cases tlree modes of motion may occur in the welr section, ant these
hgve beon observed to occurs

30



FIGURE 5.7 Case IIT FLow, SurrFace ROLLER.




Ficupe 5.4 Case 1 Frow.

Fleupe 5.5 Case JI Frow.




GogoJ+  Oritical conditions at or near the entry with repid flow
in the weir section, the denth of flou decrensing along
the veirs (Fige 5e4)

Gagse Il  Depth of flov greator than eritioal at the entry with
tranqudl £low in the weir sectiom, the donth of flow
increasing along the weir seotions (Fige 5.5)

gage III. Case I. flow at the beginning of the weir section with
& hydraulic junp oocurring in the weir seetion and ™
Case II. tyne of flov after tho jump at a lower
mmocifie cnerzy level duo to fump lodeese (Fige 5.6, 5.7)

'uwmummmwmmm.;&mﬂ&o)
modes of motion may occurs

Gose IT.  Depth of flow less than oriticel at tho entry with vanid
flov in the ueir section, the denth of flov deereasing

Goae Yo Case IV. flov at the beginning of the woir peotion with
a hyurenlic fuw oocurring in the weir section and
Case IT. flow after the jum at a lower oncoifie enorgy
lovel duo to jump losses.

So far cases IV, and Ve have not been oboerved or studied.
Of these five cases, only three are noted by e Mareld as
consequont on the assumntion of constant soecific cnergy; Case l.
corrosponding to Case C, Case II,00

ponding to Case B and Case IV.
corresnonding to Cane Ae In addition, the linmito ageigned Ly him

to Case II. Leeey, D> {6, are incorrect, as will be showm,



2e2ake GOUOTGLe
Tho effect of the cide welr on the genoral flov in the chamnel

15 to superimmose a velooity at risht angles to the welr on that
portion of the flmid above the wedirs This moans that the angle
the regultant velocity malmes with the weir will vary, and that in cases
of vapid flow the angle will be mall and the velocity of apnroach
ndgh compaved vith velocitics of apsroach for nowmal woirse  Thds 4o
the roason why apnlication of tho normnl rectangular weir formulas,
oven hen modificd to allow for the falling head in the randd case,
has not boen succossfule

On the other hand, with tranquil flov the resultant velocity
males o greater angle with the welr and conditions are nearer to the
nornal rectangular wolr, wmmmmw
roctengular weir formila are move 1ikely to zive succoseful resultse
Various attemsts at o theoretdcel analysis werc made, but
in apnlication to the remulto, mo groab ouccoss wes met with end
thege were abandoned in favour of simnle pemi-empirical curve £itting.
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The dinmensional equations 502 and 5.3 are of little use as
perticular case, Consldering a nrismatic rectangular channel
with the lowest otream filaments horizontel at the weir section, the
geonetric parancters simplify and, referring to Fige 6.1, equation
5e2¢ nOW boooues

2 2

(’_'_;_ "tl(? o.? o? o%"g;')
Mﬂm5-3MB

"?a(r Ferege ‘;3)
mnmvmwmwwn,thsdm-m
talen 0o the bottom of the channel.

@ = "23330
Mgwmmwwmwuﬂn.ummw
height in the maln chamel upstrean of the weir,

ilso, Af § 49 the quantity flowing in the mein chamel
downotrean of the weir section,

QZ

me = t ummwmpnm&mm
chamel. Equations 5¢2 and 5¢3 may then be further simplified

= 0 &% = ft e



P BB b R B
Diﬂd&mmhnmal d

sirmlificationte

8&=¢3 (d.w.e.bo) md=n'
and v =

’%E =4.a4(‘a.v.t. By Be)
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a meen proessure intensity was measured. In offect the
oxporimental results are deficlent of ome significamt factor,
oither tho depth of flow or the pressure intensity, and the only
hydrostatic pressure distribution at all sections of the flow,

Again reference to studdes of similar phenomona 0 shows that
mo serious error will de introduced.  Maling this asmmption
tho equations may de written in their finel formi-




h = ¢3 (do Woe. bb) o;o'o-ocoa--.ooa;ro@:&ﬂ-!oacaﬁ.‘ol 601

q = ¢4 (dc er . h°- h) R L R T T R R R R 6.2 —

These Gwo oquations may be combinsd, giving

q = @5 (de We 8. ho) R R R R R AT Y &3

In the case of a nrismatie rectangular channel as otudied

in the exmeriments, if the proportional discharge q = &; and the
prowoilonate dowthofﬂo{:at the mﬁoftbemum,hzﬁ‘e
are introdused, equation 5¢5 now becomes

a®
; = 2'.10 - A—- - ﬁl

or
g = h A/(A - 211) “senvIsIveseneNseabs RNt RERERNED 605
where A = 2b, ¢ =%—  aal can bo interproted as twlce the

h'?o
snecific energy of flov in the mein channel ai the commencement of
the wolr divided by the critlesl denth at this gection,

On comaring this equation with the dimnsiaﬂam oguation
be2 1t revenls thet, according to the sbove analysis, the discharge
con be written gencrally anse-

Q= ¢ (b, )
and Ut it is indenendent of the other welr dimensiens, Parther
it is probable that thisc function will be of the form

q = B /‘/(:1 - i) thsesssesessasesssacnssssssnssses el



vhere ! and N ere functions of h, or conatanta. If the
assemiions are correot,

Y Aaxill = 2.

On considering equation 6.5 it will be seen thet
1mmmemhmmofqﬂmmmmeth. Theae
are, of course, the rapid flov state including the case described
before a8 Case I and the tranquil flow state doscribed as Case fIe
Case III will arise where e jum ocours from ranid flow to trangquil
flov in the weir sectdons

Thie case may be rogarded as a conidnation of Cagses I and
I1, mt since a hndraulic jump ic always associated with a losa of
onedgy, the tranquil flow, Case 11, after the Jump will tale place
at constant specific energy which, however, will be lower than the
onecific enorgy of the rapdd flov otate. In order %o obtain a
valne for this new specific enorgy level, it is noocesscary to male
the assumtion that the rise in lovei of the water surface from a

ropid state to a tranguil atate occurs abruptly. It is Imown that

this io not 20 in ordinary chamnel flow and that tho transition

length, during uiidch exnansion of tiw siream tales place, is of tho

order of five times the hoight of the jumne However, in the side

wolr case it was noted that the rise although not abrunt, took

nizce in a shorter lengthe This 1s nrobably due to the effect

of tho flou townrd the welr tending to remove the usual roller.
Again in Uho case of the froudo mmber having the walue

ob



betuesn 1 and 2, 1t Iz well lomown that Uae jump is unduwilar in
form, bat that ke acan wvalue of the depth of flow is given
accurately by the usaal forunlae

Fige Ge2 ropresents the ideallsed comditions of Case Kil,
The usual jump formila derived from the force mahe of change of
aomentum relatlomship gives,

h, = ?(ﬂ/(% * 1)-1..} seamnbibssinsnsssnse BV
deroly= g8 m o= ghs amde = By g oadid, el

the deptly of flow before axl after ohe jJump respectively and 9
the Juambdity flowing in the medin choammel ab the jJup sectlon.

freating the Tlow afber the Jump as Case IXI flow, the
oracion relatine quantity and denth now becomeat-

a4 = h ,/(B-:Zh.) PPERMOEDVL I ST IWIBE “s P IFIBDIROE ST IPERES 6.9

. ‘ B .k
msmnazz:z¢h22 ax q = %
D couldy of course, Do c:pressed as a func¥ion of hy and 4 tut no
simnlification results, ami also analymis of the axperimental data
may onbail modification of the eyquations derived above.

As alroady noted, the Jenths of {low were mwasured along
the wolr crest,; along the centre line and along thwe back of the
welrs

The chioloe of an aversge deptl roguired certaln consideraiion



and afber several trisls, 1t was declded lo use Simpsons rule and
talze as the mean proporilonate depth of flow,

£ hoéhco.b"-
2 g 6
whers Iy, hy end by, refer to the proportionate depthis of flow ab
the back of the channel, the contre line of the channel and atl the

wvelr creat reopectidvelye

On exwadnation of the results several important poinis
were notede

Pirstly, over the vhols yange of resulis, the depth of
flov at the entry %o the weir section is approximately equal to the
critical depthe

Actually h, varies from 0848 to 04966 as dy the
prororsionate welsr helght varice from 00154 to 0.3 and wy, the
proportionate width varies from 0,7 t0 4.22, '

This result 1s nol surprising, since ia every case
considered, the flovw in the upsirean channsl is tranjull and a
transition Yo rapld flow involves a passage through a oritical
section near the disturbdng clement, in this case the gide weir,
The present investigation s mot conoerned with cases of rapid flow
in the upstrean channel, since this would involwve either a steep
slope or some other factor, uhich would not bo met with in the
nain applications of the aide weir,

An investigation of tho relationship botwoen hy, d and
v indicated that over the range covered,

hy = F (vﬁd)

o8
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anl that this funotlon is aporoximately linear as wlll be seen fran
Fige Ge3e The matter was mot gone into in further detail,

ainco h, appears in tho form Zh, «+ T;b in the various
]

exnreoalons, and over the eerimental runge, this quantity is
nractically stationary as will bo seen frou Fige Gede Secondly,
the exmerimental q = h curves show a tendency to vary with d and v
but the scatter 4s small and a mean curve nmay be fitted which will
perve for all practical purposes.

Finally, the profile in Case I iso m:ypauhzm of dovmstrean
conditions,

This result is to be axected. Careful moasurements of
the profiles showod that there was no change as the conditions
dounstrean of any sectlon were varied (either by altering the flow
in the dowmstrean chamel or altering the length of the weir) so
long as rapid flow was malntained. An exoention to this, iz that
a slight rise in surfase lovel occurs just before the beginning of

t}m jmp’ . /',.

ssgundng that iiy = Mgy that 15 assuming the eritical

gection occurs al the entry to the weir section, the value of A in
equatlon 645 becomes 3 and this equation cun be writton as
2

L
-.-'.'h=l‘5
2

the lofte=hand side of this exproesaion belny the specifiic energy of
flov divided Ly Hge

Ia <he Eﬁmm’ I"i,‘;s. 1l.1 to 11016’ values of

39



|

|
© C tesvs 9" won

09
[0 A Tesvs €' wom
+ B Tesrs 3 woom °

08 7
'¢' Genmiuinn’s Tests e * /.
|
3]

e

nE

hm =
£

q-h /2[5~ 15k L

o /

o (3] 02 o3 o4 o5 -6 012 oe 09

$=Y

FIGURE &9 CORRELATION OF QUANTITY AND DEPTH OF FLOW
CAsE | -  SHOOTING FLOW




A 40
._2%2_ + h have been plotted against h for each test serics and
although there is a deflnite wariatilon with the weir parameters a

reaconably elose anproxination is given Iy,

@
dee +h = 125 + 0e258
24

wihlch can be written as,
q = h ,,/‘(2.5 = ls5h) o.o,o-ooooooo-aaooon@:‘oe.niiQQ-Q’QOQQQ 6.9
e of the reasons for the losses in specific energy is
srobably the assumpilon of hydrogtatic preasure which is not >{
obtained in curvilinesr flove
In Fige 6.5, oquation 549 is chown and all ¢

poinbs, including those of Gentilini, nlotted thereons It was
docided to adoni this relstion since the adwantage of a single
curve for all casesc of randd flow more than outweighs the loss

of accuracy of isnoring the variation with v and de Agaln,
considering Case 111, where the deviation from the emplrieal curve
is greatest, the Froude mmber is in the reogion of unity and any
Jurp ocourring in this section will be undular in form and errors
due vo meaning the denth will »robably be greater than the effects

of variation with v axd Qs

¥rom the beginning it was realised that the normal
rectanzulay weir formula, even wien correctod for a varistion in
the denth of {low, would nol apply and a2 Dev trinls were sufficiont
to confirm thise  After several attemnts at a Sheoretical
solutdon a nurely empirical annroach was adopted whioh met with
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If the length of the weir is infinite, the discharge in the
downstrean channel will be ‘
dog = d,/(2.5-1-5 d)
where d is the height of the weir,

The Tabis 23

1=t
digcharge over the weir in length € to the discharge over a weir

thien reprasents the ratio of

of the same nroporiionate height vhose length is indinite,

In Pige 646 tho mean and range of thls ratio has been
nlotted for each value of the ratic 3 anl, ag will be seen, tho
axperinental noints confomm fairly well % ths equation

le«g
1=deo

2le m.& $8 90800800 csNetnetettensserIReRS 60”

In order {0 oxamine cach test the theoretical g and h
curves have been ealculated axxl the experimental points plotted
in Figs. 11.17 %o 11l.32 and these show the closc agreement obtained.
In Figse 116323 to 11,36 the test results obtained by Gentilini have
boen treated in (e same mamner, exbtonding the range over which the
relation holds,

An inportant fact was noted in this case, the flow is a
function of conditlonsc in the downstream chanmel.

In othor words, any change in tiwce conditions such ac u
change of slopec allers the discharge and the deptha of flow in the
welr sections fis is to be exmected sinee in tranguil flow; the

-3
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volocity of a disturbance of the gravity tyve emcoeds the velocity
of {lou and honce will be promegated wrobreans This meuns M
a lmovledge of the dounstrean chamwl properties 1s necessary
bofore any solutlon of this case can be obbained.

48 in Case I the average nroportionate denth of flow was
odtained from Simmsons rulee It was considered that the preasures
in this case would be closer to hrirostatic alnce the flow is
trangquil and honee that the resulls would conform more closely to
the theoretical curvee  Iguation 0.5 was rewritten in the fom,

2h

B%E o :—- = 1
and the values of the left hanl aide of the equation calculated.
This quantity iz simnly the ratio of the specific energy at the
end of the welr section to the spocific energy at tho entry of the
welr section, 5/i .  Detalls for all tosts, including those of
Gentilini and of Favre and Uraenile are given in the appenxiixz
Flgoes W37 10 1le42 and a sunmary of tiwe results is given in
table Gel onposite.

It will bo notod that “/E, varies from 0971 to 14000, the
woighted meoan being 0990 and the standard deviation from the
weighted nean being 0,018, o trend with any of the welr
narancters was fowxd and hence the equation governing quantity and
donta of flow bocomes by espmerinent,

2
. 2.
Zg{.\ ? A N O.%

4l’.z’;



q = h A] (0.99& - 2hb) COABOEIIIIIEINNEBNOIOOIIRRIRRIITSTS Gell

In this case there 1s lens wariation in the mean depth of
flow along the length of tho weir than in Case I, at the most, the
theoretical mwdmm rise will bo Il = 15, venlly = Hge The
welocity is not 5o high and the head over the weir is relatively
groater. In addition, it was observed that the angle the streanm
nales with the weir is greater and does nol vary 5o much over the
length and that the drawdowm at the welr is fairly constant over
the lengthe

for those reasons it vmo deolded to adopt the conventiomal
rectangular weir formila,

=0 =G -213% (Q-D)yzx,
where 1l 13 a nean denth of £lov in the main channel. Inserting
proportional walues gives
l=q=¢C (fx - 6)3’2 X ssassesscsssnsnsunsessssises Oall

vhere G =3.ji%-cdmﬂx._.e

3y a consideration of the shape of the rising £lov h was
talwn as 2“—;‘-‘9, h being the dooth of flov at the end of tho
WelTe

The value of ¢ was then caloulated from each test
including those of Cenmtilinl and ranged from 0.6l to Oe4de

The wariation of C was then stadied as a function of the
wolr dimengions and it was found that over the experimental range

43
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c=0,73_ u s w 6.13

bo e CrBePIRISIRRRIRERIIRSS

Inm.6.7mmsufc¢f\ are slown as a

function of % and in the sppendix, Pigs. 11.37 to 11442, the
relationshin in showm for cach test serics. /

Tde case was most intoeresting, Lut on the whols the most
diffieult, fron an experimental poiub of view and in the amalynis
ol the regults.  Again thx flow ls conditioned by the dounstrean
channel characteristics and the position of the jum» oould be
altered, within limits, by altering thcse characteristios by means
of the sluico.

In practically all cases there was violent surging, maldng
it extrenely diffioult o obtain acourate values of the measuremonts.
isttenpts wore made Uo reduoce the surging by means of sereens,
obstructions and floats in tho downstrean channel. Athough some
suceess was not vith by these devices, it wes impossihle to stop
surzing comnletely, and as noted before, some emporiments ware 0o
effoctod ag to be comleloly uselens.

As with a hydeaulic jump in o normal open channel, two
tymes of jump wore moted, the undular jum and the surface raller
tynee. With the latter tymo, an angle was made by the jum front
with the quuis of the charmmels llo neasurenends woro made of this

anglo, ut from obscxvation there anpears to be a similarity betwoen
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this phenomenon aid wave nropagation in wunid fiow e studied by
Ippen (reference 19 n. 1290 et seq.)

Hy careful moagsurenont anl observalion it was confirmed
that the presence of a jump in the welr section had no effect on
the flow before the jump. Hionee the lavs governing this part of
the {low are those of Case I, loaving only the flow after the
Jump o be lavestigatods

From the mesan values of the longth of weir discharging under
Case I conditions, the nroportionaie gquantities Qy floving in tho
mala channel, at the point where the juzn occurred, were obtalned
using the quantltyelength curves for Case I flowe The oo
valusg of B = 2h, 2]_.: wmﬂwnmwud,hzm,ofm,

h,

the conjugate depth caloulated vy emqation Ge7.

The theoretical equation 6.¢ was uritten as,

2
ne3 B
and values of + were calculated for cach test and

h®s 8
the resultc are shown in Tables 1l.1 to 11.9 in the appendix, A
sumnary of the results is given in Tablos 6e2 and 643
The value of hh uas obbalned in Cases Cl, €2, C3 and G4
froa Simnoons rule as before, but in Cases 1, 2, 3 and 4 the
contre line depth was talken. dctually there 1o no significant

difference.

45
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B B
exporinental range and varies with 5 and with ¥, ~ Ho single

exnression could be obtained for the relationship and the results
are, therefore, given for various rasges as follows=

The quantity -‘ﬁ- e f-hi- is mot ocomstant over the

For 0s882 > q; 7> 07005 4.83> W 2 2.56
q = B/ (A01E = T} seacsovsssssassnsansanssssesssnansss Beld
For 0,700 > qy 7> 0s478; 256 7 w7 0,80, the results are
very secattered, and although a trend vith w can be observed, a
complex relationship is not warrasted. A linear relationship
with B vas aseumed giving,
@ = B, (038 5% o W) essesanssasssussussrsennsnnsns BedS
This equation is shown in Fige 6.8 with all exparimental
resulto plotted theroon.
It 4o interesting to note at this stage that the limit
of the two exprossions, q; = 0,700 also maries the podnt where the
Jum changes fyom undular to the surface roller type. The quantity -
denth of flow relation before tho jump ia, of course, given Ly the Case
I equation, 649.

Treating the flov ufter the jum as Case II, equation 6.12
becomos Q.I -Qq = CII1 d) - d)yz 32 FeaRSlEIRROREIRIRBRESPS S Gelb
where zy is the proportionato length of weir discharging after the

Jumpe The wvalus of x3 the nroportionate length discharging as Case I
flow befllore the jump is, of course, given by equation 6.10,
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In the calculations, the mean depth of mwiamtnkan

as hy the depth of flow at the end of the weolr sections

CIII was calculated for all tealts and an investigation of
the voristion with the weir pamancters was carried outs  Here again
no singles relatlon could be obtained covering all cases and the
axnerimental laws governming the various ranges are given below,

For C,882 > 4> 066705 4083 > w > 176 it was found that
CIII was a fumetion of %, and U and ¥hat oquation Ge16 meduced to

4 = q

=] ssBscssvesesetie 6017

0655 (b = 3)H/2 3 Dol
The left hand cide of this relation was calenlated for all
relevant tests, and tho results are given in Tables 1l.1 to 11,5
and table 11,7 in the appendix and are sumarised in Table Ge2s page 45.
The weighted mean for all tests is 1,00 and the standaxd deviation
about the mﬁlght.o;l moan is 0,09,

It is interesblug o :note that distributlion of the
roaiduals is not normal, S of them lying between ¢« 0 and « ¢ as
against 684 for a normal dlstributions  The average arror 13 0s05.

For 0,765 > q3 > 00600 and 1402 > w > 0,80, CIII 1o
consbant, having a mean of 0523 and a standard deviation of 0,074.

CIII = 0.523 sessesssesssnsssssssntssassaspsssanscss 0ol
These resulde are not so constant, the surging Ln. the two relevant
tests belng conaiderable. Tho wvalnes for the relevant tesis are
given in Tables 11.8 and 1149 in the apnendix and are summarised

in Yable Oe.Je page 45.
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Tor 0e600 > qg > 0e4783° 1a76 > W > 0680

BIII = QTR = sl My sasssvevess acsorinposincets il
Agala the results are not very good but the trend is indiented.
The relevant values are shown in Tables 11.6 and 11.8 in the
appendix and the eguation is shown in Fig. 6.9 with the
axperimental points nlotted thoreon,

48



Some of the ewperimental ooefficlents have boen modified
olightly at thic atage in order to climinate discontinmuities
botwoen the various cases or ranges. These modifications are
snall, not more than 1%, and whore this has been done it is
denoted by an asterial: beagide the equation reference. ' L
The results are summarised belows= i ‘
Case I q = h,/(2e25 = 1e5 h) seessesssassessesssesss 6e9
Gase I1 q = hy/(A = Z0) seesecessessesaarsssncsssanns 6ol 4

where A = 2h° * —15
hg
Case III 0882 > qy > 07005 4483 > W > 2,56
q= hA/(B « 2h) cocsvecncossscasenss Oell
0u700 > gy > 04785 256 > W > 0,80

qQ= h,s/(0038 0 - ) seevsnsssssase Osl5S
2

where B = 2y + gh;i-
viegrametic Reoresen of ¢ ity - D
Elov felgtlonahin,

The four relations given above can be very conveniemtly
shovn in diagrammatic form and this is given in Mg. 7.1, The
plotilng of Case I presents no difficulty. In plotting Case II
eguations, a value of A was chosen and proportionate quantities

calculated for various nroportionate depths,.
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Case 1II presonts alightly more complicstionse  The
mothod adopted was to take a value of B end eclculste propertionate
quantities for varicus proportionate deptis of flow, the curve
being plotted untdl the proportionabs quantity corressonding %o
the selected B value was reacheds  The proportionate depth
of flow at this point is the pronortionatc conjugate denth for
thds nroporilonate quantdty which is,of course, q; and {low ab
sreater proportionate quantities must tale place under Case I
condltionse It is to be noted that with equation 6,15 the
nroportionate depth of {low at this woint is not that given by
the conventional conjugate denth formulas,

The chain dotted line on the curve represents the
moportionate denth of flow immediately after the jumpe The
diagram camaoty of course, allou for the fact that in the normal
hyireulic jump there 1s a certain disbance in which expansion of
the flow ocours, and @s uhere‘ the Jmi: occurs near e end of
the weir are likely to be inaccurates In addition the me of
formala Ge15 leads to complications at low velnes of B, giving a
double solutions  Obviously this means that the fovmila is not
anplicable, The region uhere this conditlon oecurs has not bheen
covered in the experimental worls, Howover, 1% is %o Yo amocted
that cuwrves aimilar (o those ahown dotted would be obbained,

{hose havo skotched in merely to comalsbe the diagrame

A8 will be seen later, this disgram 1s of axtreme

imporbance in emplaining side welr phenomena and in the design of

such weirge
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The fomulne ohtained by exmerinent are sumerised below.

l=g * &
Case 1 T:-ago =1 « 10 & essResRGINBRICEORED LS 6.10

fhis forrmila iliustrated the inefficlency of Case I f£low,
If L = 8! 907 of the maximm discharge can ocour and if L = 160
99,5 ean ocouls

= ¥a
Case II 1l~-q = € (h iy d) L seesscescccecsscsscns 6.12

where C = 0,73 = .anﬂ 'Q"gu

&+ hg

3

D O R R R Y e 6.13

aleiz

1]

Case III. For the discharge before the jump, the relation fov
Case 1, oeguation 6,10 holds.

Alter the jJunps~
For 0,832>qy> 0:6003 403> w > 1,76

: = L cevecssessnenessncssssssess Gel7
s Os
055 (n = )V, ~

For 06705> gg> 0e000;  1e02>wW 0480

y¥2

q'l -q = 0522 (he2a 22 ssessasssnsssnsen 6§lﬁ, Geld

For 04600> ql> 0.[5.785 176> W > 080
2
Cll -q = (0472 = 0,20 Kp_) (h = d)w‘ezz sesssnes Dell, 519

1t is not nossible with Shese relatlions to obdain a

dlagramaatic solution but, as will be seeny thore 1s not the sane



Asgundng flow in the dounstrean chamnel to be tranquil,
there will be to sach denth of flow, 2 unique quantity flowing at
2 given point in this channel. This relation is poverned by the
characteristice of the chammel below tho given point, and can be
obbeined by ecaleculating baclamter curves from tho Sirat crit.‘.ool
goction dowmetrean of the point. If the chammel 1s long and of
uwniforn slope, this relation will be given, of course, by the normal
depths for each quantity, It is, thorefore, possible to construct
a diagram showlng this denth - quantity rclationsidn for the
dounstrean chamel at the end of the welr sections Such a
diggran will be called the "aceenbanco (urve® for the dowmstrean
charmel, and it is this curve which deternines the mode of motion
in the welir sectlon, since conditions at the end of the weir section
must conforn to ibe | |

The behaviour of the slde woir can now be studied by use
of the proportionate quantity proportionate depth of flou diagran
and the acceptance curve suitably nodificd. The simplest method
of stuly is to consider a fixed quantity Jp in the upstream channel,
a fixnd welr height D, en accentance curve for the dounstream channel,
and to considor the offect if varying tho length of the weir,

iZ e depth of flou omlinates of the ascentance curve
ave divided by g, the eritical denth corresponding %o Go, and tho
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quantity ordinates di.vkledhweo, the proportionate accentance
mthﬁwmthemm
MaWWMaMmMMNM.

Fige 72 shows such a superimposition, chosen to explain
the behaviour of tho aide weir. It is ascumed that when (, is
floving in the downstrean channel the depth of flow 18 la5 timee
the critical depth Hg, and that the height of the weir 4a O« Hey
fe0e d Oele |

Consider the weir to be infinitely long and hente giving
the maximum possilble discharges At a proportdonate depth of
£1ow = Ou4y that is tho woir height, the accentance curve shows
that the nroportionate quantity will be 0.26. This is indicated
by podnt A on the diagram. The q = h diagran, however, indicates
that for this proportiomate quantity, flow is only poaaihle if
h = 0,18, podnt A', under repid flovw conlitions or groater than
0e42, point A’, under tranquil flow conditions,  Such coniitions
hold until podnt B is reached and this point, corresponding to a
proportionate quantity of 0e55, represents the maxirmm possible
discharge of the welr under the assumed conditions and will only
occur if the woir length is infinite.

Flow in the dowstrean channel will be rapid, contdisuing
so until conditions aro reached, such that a jump can ocour.

The condition of Case I flov willi continue with decreasing
length of welr, until point U io reachwd. At this point the
dopth of flow given by the accentance curve is conjugate to the
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s
deopth of flow at tho end of the wolr and the jump will occur at
this polate.

Ledade Gaage 111 VIQWe
Shortening the weir length further will bring conditions
to those renresented by point D. flere tho total nroportionate
quantity flowving in the main charmnel 1s 0,78 The jump ocours
atpointnlmthedimubreq1=0.84. In other words O.06
is discharged after the jump and 0,16 is discharged before the jump
wxler Case I condiiions. Case III conditlons peraist with
ghortening of the weir length until point E 49 reachsd. At this
noiat the flow in the upstrean channel is drawm down to critical
dovth anxd exnansion ocours in the welir soction.
LeSede Caoe LI TlOue
A further shortening of the weir length rings conditlons
to those represented by point F on the diagram. Tranquil flovy
nov occurs, the head rising along the length of the weir. Such
condilions persgist until the weisr length becomes zero, when flow

occ’mxdthammutyqbatndepmofﬂawofl.suc, poin‘aGon” .
’ ‘\,h(/"-‘

In Fige 7«3 two differont proportionato accentance curves
are showls Curve i, one simileor to the one discussed above
bt of milder slope and Curve B, one in uhich a throttie or baffle
is introduced in the downstrean channel arranged so as to operate
when the denth of flow becomes greater than the welr height. It
will be noted that with both these curves, Case I flow does not




ocour and that the efficiency of the weir is
when a throttle is introduceds

The ideal requirement for an overflow is that the cuantity
acconted by the downstrean channel shall be constant when the
overflovw 1s discharging and shall be indenendent of the quantity
deliverod to the overflovw by the upstream channels A aide woir
connot satisfy this requirements  As the quantity delivered by the
upstrean channel increasec, so does the quantity accented by the
downstrean channcle

A Geclsion, therefore, muat be made as to,

(a) the quantity to be accented by the downstream channel without
diacharge from the side welxn) e

(b) the maximum guantity which can be ascepted safely by the
downstreaa channel, e

In order to comnlete the domign the additional data required
iot=-

(¢) the downstrean channel asecoptance curves
(d) the maxirum discharge of the upstrean chanael Jpe

Ledege Design Procedurg.
The steps in the‘ design caleculations are outlined below,
(a) Obtain the critical height, Hy, for the maximm discharge of tho
unstrean channel (ge
(b) Fit the proportionste acosptance curve to the proporticnate



quantity = denth of flow diagrom, Fige 71, a8 cuplained in
section 7e2ele

(¢c) Obtain the head iy corresponding to the quantity, Uy, at which
discharge fron the slde woir is required to commence ,then D,

the welr height, is equal to By and d = o

He
(d) The conditions to give maximur quantity, Q, to bo ascepted by
the dowmstrean channel are then given on the combined diagram

by podnt q = -3: on the nroportionate acceptance curve.

(¢) If this point renresents a possible mode of motion the length
of weir can then be calculated by the use of oquations G.103
64123 64133 64173 Gelb, 64183 or 6416, 6,193 according to the
mode of motion nredicted.

(£) 1If the noint, ¢, renresents an impocsaible mode of motionm,
the deaign data must De amended until a poseible eclutien is
fourxd, This can be done in a mmber of wayse If the
quantities § and ¢y must not bo cltered, the cherecteristies
of the dounstresn chamnol must be altered by adjusting the
slopo or installing a throttling devicee
Zadads The iffect of G) 1 Exigtd

Several formulae, notably that of Favre 13, include & term
in the relationship betwoen quantity and head to allov for frictional
loasea. The inclusion of this torm means that the longth
variable and a frictionsgl cocfficiont are introduced into the
exressione A simple relationshin between quantity and head,
indenendent of dimensions is tlms no longer possible and study of



67
the welr »henomens and design calculations to obtain the best solution
of a particular problem are emseedingly comnlicated.

It 1s considered thet the frictiomal losses would be very
soall in the application of side weirs to channels of mild slope and
the disadvantages of igmoring frictional losses are move than
outweighed by the simplisity of the calculationse

Dospite this 4% is possible to make allowance in design, for
theaso loases, in tho following manner. The welr depth and length
mqbtﬂmdlvtmwmsontnmdabawo The nean velocity
in the welr soctlon is then calculated and tho losa of head by
friction assessed by eny of the usual formmlas. This loos of head
is then exywessal a8 a olove and the botton of the channel over the
welr ‘ength and tho welr plate cet to this slope.

Ouwing to the laboratory layout, it was not poasible to
calitrate the weir on the collecting channel hy direct volumetric
neasurenont. In addition it was not posaible to permit a preqt
denth of water in the collecting chamnel, vhich resulted in the sill
of tho wolr being sot at a lover level than was desirable. IHenoe at
large flows the denth of flow wms necar oritiecal, with the constant
instaldlity associated vith this tyre of flowe

Uinder conditions of Case III {low, the surging which occurred,
despite all efforts to reduce it, made the obtaining of accurate
ecmorinental data very difficults.  Some tests, es already noted,
had o bo rejected for thiz reason.




¥ith the lerge mmber of varisbles to conteand with any
assessment of accuracy 18 apt to de approxzimate but the following
analysis will ahov that resultsc have been obtained within the limite
of the apparatus.

Assuming the orror of wolumetric measurement in the
calilraticn of the main velr supplying the apparatus to be negligihle,
the staxdard doviation of a measurvment of guantity by the collecting
channel i3 given by the exnression,

(&

where, 4, 15 tho quantity meamwed, O4, 1te staniard deviation.
Y.rmme hoad over the main weir, Glr its standard
deviation, Y is the head over tho colleocting chammol wedr,
Oy 1ts standard doviations
In the deduction of the formula, account has bean talon
that there are two measurements associnted with cach welr, calilwration
and the actual gquantity neasuremorrt.
Theheadomthemmweuomﬂdherdhoanmy
of & 00005 £%, giving an approximate standard deviation of
+ 0400025 fta  Under conditions of no curging, the hoad over tho
wolr on the collecting channsl could be read to an accuracy of
& 04001 £%., glving a standard doviation of g 0,0005 ft.  Undor
surging conditions, however, the accuracy was halfed giving
a standard deviation of about & 0,001 £%.
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Iin Gases I and II the guantiiico used in the erleulstions
were obbelned by sublractlon so that the exorecsion for standard
deviation becomes

<C%L) ‘2{< 3‘-) 1—}2}

In thoese cases there is no surging and substltubting the m

gives the relation shown in Fige Tede |
With Case III, a furiler subbraction is nececssary in order

to obtain the amounts discharging before and after tho hump and the

azweasion for SM deviation, thorefore, becomea

&) 69

This relatlonshin is aiso shoun in F'ige Telde

The doviations of the results from the empirical equations
are, of course, somevial grecter as would be empeostedd, M@ﬂaﬂy
go in Oase IXI duc to the surging, (£ course, the empirical
formilae ignore the noted varietlons with the obher welr dimensions
such as widbh and helght of weir and the unsteady, turbmlent nature
of tho {low, which can be seen in the Figs. 5043 5¢53 5463 and 5.7.



]
@

The theory ovolved in the thesis shows, and the experimental
work confirms, for rectagular channels, that the mode of motion of
water flowing over a side weir in a chammel is dependent on, the
geonetric parametors of the welr secilon, the dowmstrean chamnel
characteristics and, if {flow in the upstream channel is ranid, the
upstroan channel characteristics.

Two equations are regulired in order %o dofine the flow,
the first being obtained from equatlng force to rate of change of -
pomentun and the second Wy econsiderin; the disenarge over the woir.

The theory, conflirmed by the experimental work, exnlains
clearly the functioning of a side welr, in rarticular the three
predicted modos of motion for tranmuil flow in the upstream chamnel
do oceur in priamatic rectungular channels,

The results obtained have enabled a rational design
nrocedure %0 be evolved, widch has been lacidng in the paste

Sa2e Corvelgtilon of ousitily god boolh of Flows

For prismatic ani rectangular channels, there axists a
relationship betwoen quantity and depth of {low which 1s
indenendent of the length of the welr and practically indepondent
of the helght of the weir. This exverimental relationsidy, shown
diagrammatieally in Fige 7¢le, involves some modification to tho
theoretical, probably duo to the assumpiion of hydrostatic pressure
distribution aince the modification is required where the flow io
docidadly curvilinear,

’
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It is found that, in Case II flow, and also in the
tranquil flow conditions after the jump in Case III, the ordinary
rectangular weir formula can be applied over the experimental range
by expressing the coefficient of discharge as a variable of the weir
paranecters. The conditions of Case I flow, and of the similar
rapid flow before the jump in Case III, are, howover, so complex
that the rectangular welr formula is not applicable and an empirical
formula, expressed in terms of the weir parameters has been adopted,
which fits the results over the experimental range.
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The symbols dofinod below are thoso whdeh appear throughout
the text with reference to weirs in primmatic rectangular channelss
othor symbols are fully defined in the particular section in whigh
they occurs :

Ingwal.,mmmmm”towwmmsanﬁ
lower case letters to proportionate valuea.

Hedl Pllensiongs
Actual Value.
Value = Actual
Valuce
T He =~
D d - Hodght of woir crest above botion
chamnel.
L ¢ x  Total length of weir.
L' - - Length from start of weir to any
section.
- - B Longth of weir discharging before
- - xp Longth of weir dlocharging after
Jumn, Case III flowe
w ' § - Channel width.
Reothe of Floy.
Actual Value. Proportionato
Value =
Value <+ Ho
flo 1 Critical derth of flow in upstream
channele -
H' h Hoan donth at any section.

llo hg dlean denth at entry to welr section
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B h Moan denth after jump, Case III £lov.
i h Mean denth at enxd of welr section.
7} by Mean denth just prior tw jump, Case IIL
£love
iy hy Mean depth just after jumn, Case IIL Llovs
Suantluioge
aActual Proporilonste
Value. Value = ictual
Valus + U
R 1 Ia madn chamnel ab entry to weir sectlons
Q' q’ In main chanmel ab any sections
3 q In main channel at end of welr sectlone
4 9 In main chammel at Juwp soctions
- qw In nain chamel at end of wedr section in
Cane I flov with infinite welr lengths
Gy - Total gquantity flouing over side welr.
Q0L LINR0USe

Ay Ratio of twice the specific cnergy at beginning of weir 5 |
sectlon to critical speclfic cnergy in upstrean channels slfis

B, Ratio of twice the specific onorgy just after the jump to ¥
critical specifio energy in wpstrean chamnels |/ <l

G,  Goefficient of Discharge, Case II flou. g o
Gd, Coslfficient of Discharge, genorale
CIiI, Coefficiend of Discharge, Case III flow after jumpe
E, Snecific tnergzy of flov ab end of welr sectlon.
Lo, Sneclfic Encrgy of flov at commenoenmenty of welr section
2s Ascooleration due to gravity.
Mylly  Gonsbants
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Aroa of £low in main channel ab ddotames I/ from entey
o wir scection.

sverage velocity in main chamel at entry to welr soction.

Average weloeity in maln chammel at distance L' fron ontry
%0 wolr gectlions

Average velocity in main chansl at end of welr soction.
Denth of oentrold of transformed ssotion fron surface.
A funetion of
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The subjoot of the theals 4s tho investigation of the flow over o

weir, set in one side of a prismatic, rectangular channel of mild or zero
slopc, with its crest parallel to tho bottom of the channel,
mmwmummummmmmZm.
Swh & duviée, Sared o side wals, 30 wied, minly $n sewvege grestioe, |
to renove anooca waber fron the chamnale

A vovioy of the literuture on tho subjoct reveals o lack of ,,
MMMmM&W.MM_
nresent invostigations wore, thorofore, undortalen to sccurmlabe
a vide rango of parmmwters and, fron thoso data to oblain a
of domign of ocuch weirs.

Prolininery, qualdtadive oxperimonbs showed that, with channels of
aild slope, thiree modes of motdon are posaiblo at the woir seotion e
Gaso To  Hupld flow in tho maln chamwel, with the dopth of flow

decroasing downstreas, and beling approdmately oqual
eritical dopth at the camencewnt of the woir vectione = -
Case IIe Tranguil flow in the main chammol, with tho denth of £low 1
increasing downotroat [
Gaso IZI. lRapid flow, sisdlar to Case I, ab the start of the wair
soction; a hydraulic jump in the woir sootion, and

/
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flow, similar to Case II, after the jump.

Case III, so far as 1o knowun, has been previcusly briefly noted but
has not boen investigaiod.

It was also noted that the mode of motion obiaindng at the weir
pection iz inflnenced not only by the wolr paramcters, but also by the
flov choracteristics of the dowmstream channele In other words the
quantity and depth of flov abt the end of the weir section must be
accoptablo to the dounstrean chamncl «  On the other hand, the flov
Mz‘a&wotthematmchmlluﬂminﬂmemﬁmmdenf'
motlen at tho weir coctlon, so long as Yranquil flow is maintained in tho
upetrea: channol, &

The main experinents, carried out ia a chammel of 9 in. by 9 s,
nadmm crosc=goction, with a maximm welr length of 5 £ie wore oo o
ém&nmmmeame:mm,mmmm
of the proliminary emerimentse

A thooreitleal study is given of the genoral case of a weir cet in a
channel of varying cross-sections  Dimensienal analynis, besides
rovealing the aignificant paramctors governing the flou, indicates that tw
indepenvient equations are required for a solutdony while the more
classical approach, using the nrinciple of equating force to rate of
of momeatum in the main chammel and ignoring frictional losces, ind:
mmmwmmwsmmwme@m,{
tho case of prismatic chammels, this equation roduces to a otatement that
the specifiic energy of flow is conatant in the main chanmel over iho weir
gogtion for Cose I and IT flow; 4in Came III flow, however, account must
be talen of the loos of emergy at the jump, tranquil flow after tho jumn

“
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osourring with constant spocific energy less than that before the Sumpe

Constant specific cnergy of flow has boen asmumed, or is fmplicit,
in formuilase advanced by other investigabors, tut in no case, so far as
is Imoun to the author, has it boen shoum that this applies only to
prismatic channels.

Analysis of the experimental data shows that the specific energy of
£lou 45 senaibly constant in the case of tranquil flow (Case II) bub that
the more complex flow conditions of Case I and III reguires exbtended
treatmonte In these cases {low is more curvilinecar and the assumption

of hydrostalic pressuro disteribution does not holde In addition, in
Case 111, conditions after the jump are very turbulent. There 48, in
condequenco, a loas of specific eaxergy of flow along the welre It has

boan fownl possible to expreas this loss in terms of one of the wedy
paranstors and tius to obtaln suitable foimmlac covering those cases.

The second equation requized to complete the solution is obtained
fron a consideraiion of the discharge over the weir, It is found that
in Case II flow, and also in the tranquil flow conditions after the Jum
in Case I1I, the ordinary rectangular weir formula can be applied over
the experimental range by expresaing the coeflicient of disecharge as a
voriable of the weir parancters.  The conditions of Case I flow, snd of
the gimllar rapid flow before the jump in Case 1II, are, howewvor, o
complex that the rectangular weir formula is not applicable and an
ompirical formula, cxpressed in terms of the welr parameters has been adopitol
videh £ito the results over the euparimental rangee






