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Coefficient of discharge of weirs and spillways 'is to be 

known before head in order to prepare stage discharge curves, 
regulation charts and correct fixation of crest levels. In order 
to find out the coefficient of discharge correctly. the usual pre» 
cedure is to construct a geometrically similar model of the spi .iwaay 
satisfying the Froudian law and to observe the coefficient of 
discharge on the model. 

It was observed at 1,R.I.Roorkee (tJ.P.) and C.W.P.R.S.Poona 
that these observations of coefficient of discharge involve certain 
scale effects. At both the places it was observed that the values o 
coefficient of discharge decreases with the Increasing R.F. of the 

scale i.e.  smaller models will have lesser values of the coefficient 
of discharge. It is therefore difficult to predict correct values o 
the coefficient of discharge on the basis of model observations. Tb 

usual method followed In the Engineering practice is that the 
designers adopt suitable value of the coefficient for the geometri-
cal and operational condition of the sp .livay from standard curves 

apdt ion such as U,B.B.R supposed to verify the coefficient of discharge 
so determined on a model. Suitable safer value is adopted for 
the prototype and its regulation charts etc. are prepared* 

It has so far not been possible to determine the discharge 
unction analytically, and as such the extent of scale effect is 

not known. On the basis of known parameters entering the discharge 
equation, a dimensional analysis has been performed to find out 
the dimension less ratios affecting the coefficient of discharge. 
The dimensional ratios are Reynolds number, Webers number, K/h or 

'f' (roughness parameter), P/h (geometrical parameter), 



Experimentations have been conducted to evolve relationship 
between P/h and C in a flume for the adopted a#i11vay profile. The 
sharp crested wets on the upstream of the flume was calibrated by 
means of a rating tank of ' %Wt  x3' . Five model scales of 1/10, 
1/160  1/20, 1/20 and 1/40 have been chosen for study and with 

each scale a erimentation was done for effective roughness 
.1147, .03 3, .0288, .0075 feet .' 

The data obtained was analysed in such a fashion so that 
all the dtmensiur less ratios vera attempted to be ecpated in all 
the oases. D start with the design head has been taken up for 
study in which case P/h r. 3.33. So values of C for this value of 
P/h have been read#  and next for every scale the value of K/h or 
'f' has been plotted against C. in case of prototype N (rugusity 
coefficient) has been assumed to be egaal to .d2, and so K/h x.0364. 
Thus the values of 'C' for each scale for this value of K/h has 
been n determined. H ext for these values of C with ec al K/h or 'f' 

and P/h, the values of Reynolds number and Webers number have been 
determined#  and plots have been prepared between C and Reynolds 

number and C V/3 Webers number. These plots have been tried on 
lag-log paper as well in which case almost a straight line has been. 
Obtained. The values of C for the values of Reynolds number and 
Webers number as an prototype have been determined. It has been 
felt that it is not possible to isolate the effects of Reynolds 
number and "V.bers number as the experimentation has been done with 
water.  

On the basis of above studies It has been established that: 
1. The values of coefficient of discharge as determined 

on models involve certain scale effect, and the value of C decreases 
with the decreasing size of the model, 



2. Reynolds number and coefficient of di.echarge are 

related with a ,doer law* 

* Webors number and coefftclent of discharge are also 
related wttb a power 1.ay. 
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CHAPTER I 

IXITRODUCTIOU 

1.1 HISTORICAL 8cKGROUflD 

CooffiCtCnt of discharge for spillways and toirs for 

ditforcit heads and operating condItio is is to ho knoi before h cd9 
in order to prepare tho re3ulation charts and the stage discharge 

curves. tlecesstty of a correct regulation chart and stags discharge 
curare hardly needs any overemphasis. Afflux on ieirs and barrages also 
can not be determined unless the coefficient of discharge is 1tno n. On 
the correctness of the value of coefficient of discharge dopends the 
submergence to be expected on the upstream of structures. ! ever, the 
coefficient of di achargo can only be determined on small torkablo 
models in the laboratory from which the oipocted value of the discharge 

coefficient (C4) for the prototype under different conditions of 
operations can be predicted. This value of coefficient of discharge as 
determined from the models Is very important dtring the planning and 
design stages, later the operation of the structure also gill be govorn. 
od by those values, an the actual values of the coefficients of die-  
charge cannot possibly ho determined. 

Experiments taro conducted at Central 1loter & Po for Rosearch 
Station, Poona on the Effect of Scale In the values of coefficient of 
discharge over ogoc shaped spiilvayc. Their report appeared in the 
Annual Report of 1939 of the Instituto, and their findings find rionticn 
in the follo~ ing pages at relevant place. At Irrigattonftosonrch 
Institute,Roorko© (U.P.) too different values of coefficient of tiis- 
charge vero obtained when the model of Rampartga barrage and spi .lu y 

-rare constructed to different scales and the present investigation of 

the scale offact on the coefficient of discharge over voira and pill 



nays, has been inspired by those observationswhich the author had the 

privilege of being associated pith* It is therefore difficult to pro. 

diet the exact value of coefficient of discharge for prototype spill. 
1aya, on the basis of .model experimentation# since the values deter-

mined involve some scale effect. 
1.2 CO14PL ITY IN COREECT DE'ER1INATl.ON OF COEFFiCifl OF DISCHARGE. 

It is not easy to estimate the extent of acalo effect 

to predict -the prototype value of the coefficient of discharge from 
the axpoxixacntal observations. In order to analyse the problem 
critically one has to bear in mod that it is the geometry, k erratical 

and fluid properties of the flaw that influence the VaIUG of the 

coefficient at discharge. In the case of models, only the geometry 

of flow Is made proportional while the other two are not controlled, 
hence the variations in the values of the coefficient of discharge. It 

is not possible to late the kinematic conditions proportionate and 
also there can be no control over the fluid properties as the e, eri«* 
meats are conducted with rater. It to mainly for these reasons that a 
value independent of scale effect can not be determined by performing 
a single series of experimentation with a particular scale model with 
a corn fluid. 

1.3 PROBffi1 
An attempt has been made to study the "Effect Of Scale On 

Coefficient Of Discharge Of Weirs and spillways" in this dissertation. 
The study alma at investigating the effect of model scale on the 

cootficient of dischargo of spiiiuoyes . In case the effect of scale is 

ootabliah~rds It is aimed to evolve methods so as to estimate the value 
of the coefficient of discharge over the prototype structure so that 

correct operation charts end gauge discharge curves could be ucrkod 

out for it. 
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1,4 LIMITATIONS 
Following limitations were imposed on the study reported here: 

(i) Shape of spillways- Geometrical models of the spillway to 

different scales were chosen for study, even though it was realized 

that by constructing a geometrical model of original spillway, the 

model profile does not actually correspond to that given by the original 

equation of spillway. The profile though corresponds to U.S.B.R profile 

for the proportional design head, but yet not the same profile. So it 

was felt that testing a geometrically similar model amounts to testing a 

new U.S.B.R. profile each time. This in each case the model studies 

Include the shape effect of the spillway. 

(ii) Roughness:- Natural materials were chosen for providing 

roughness. It was not possible to provide roughness larger than 1" 

shingle on the crest because it would have changed the profile, parti.. 

cularly so in the lover scale models. Moreover the concentration and 

shape of roughening particles determine the value of 'K' and it was not 

possible to find the correct value of K. It was therefore decided to 

provide same shape and concentration of roughening particles in each 

study and to employ Stricklers formula for determining the value of If. 

(iii) Discharge:. Limited supply of discharge in the flume did %0t 

permit observations for lower P/h ratios that is for larger heads. The 

head over the 	lway was kept between 1/2" and 6". 

(iv) Fluid:- It was further not possible to isolate the effects 

of Reynolds number and Weber's number, since the experiments were done 

each time with the same fluid water. Many chemicals were tried which 

could change the surface tension of water and Yet not affect the vis-

cosity of water, however no favourable results were obtained. In these 

studies therefore the combined effect of the two was considered together. 
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CATER II 

RED' I Et` OF L IT ZRATU RE 

2.1 INTEOWcTION 

In order to analyse the effect of scale, general woit on the 

coefficient of dinchargo has been studied so as to pica point the oauss  
of discrepancy between prototype and model values of coefficient of d2o.. 
charge. As a matter of fact the sharp crested weir is the simplest 
form of a spillway. Therefore in order to study the coefficient of 
discharge over the ep±UU*ioy it has been thought worth while to review 
the uort done on the study of the coefficient of discharge for sharp 
crested irs; thereafter the standard work published on the spillways 
has been reviewed. Very little work has been done on the scale of tact, 

ezeept that it has boon experienced and some causes attributed to It. 
A brief mention of such a work is given in the following pages. No 

studies are so ter available which could predict the coefficient of 
discharro for prototype beeed on model obsorvationc. Standard curve, 
e.s' proposed by t # a. B a do not mention the arrangements  for which 
these curvos era to be applied#  and that is why they have a very 
limited taco end utility* 
2.2 	Carl E. lUndewater and 14. Carter(l) studied the discharge 

characteristics of roct ngular, thin plate woirs. Their colution Is 
based on a simple a ation discharge Q = CLh3/2  and experimentally 
derived coofficicats which account for the influence of the fluid 
properties end the physical characteristics of the air and the weir 
chmele  The affects of viscosity and curfaco tension ern related to 
a decrease in the affective head and en increase or decrease In the 
effective notch width. This, the combined effo©ts of the fluid pro• 
parties ore accounted for with adjustment coefficients which aro 

applied to measured values of the head and width, Consequently, the 
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coefficient of discharge is defined as a flinction of geometric ratios 
which describe the weir and the toir channel. 

Jovo1er, the authors concluded that the flow pattern for 

ractangularo thin plate weirs is not subject to complete mathoinatcal. 

analysis. C ecuently, an analytical solution for the discharge 

characteristics has not been developed. They have just provided a 
comprehensive solution based on dimensional analysis  and a eriaents, 

Weir discharge 'la significantly influenced by the pbysIcal characteris. 
tics of the weir and the wets channel. It 1s specially dependant an 
features which control the velocity distribatlon in the approach 
channelv Per this reason the results of experiments made by different 

investigators do not agree, and formulae based on a particular set of 
data reflect the Individual characteristics of those data. 
2.3 	According to a well tmo ► weir fords of Rehbaek' ") the 

coefficient of discharge is given approximately by C p3. + 0.40 Who  
where Ik1x Ia the height of weir, Rouse and P.K$ dasvamy(3)  iflVtim. 

gated the problem and con uded, that the edeting weir for le loses 
Its significance as the ratio of head to height of weir becomes great. 
It is knoi that the rate of floe over a sill at the end of a channol 
can be estimated from the basic weir equation by assuming the velocity 
of approach to have Ito critical finitude. This gives rise to a 

discharge function for sills ihich meats that for weirs In a sharp 
poet what the hoed is about 10 times who ioir  height. For if/h greater 
th about 15 the weir becomesa a sill. The critical depth of the 

coctionc in approximately a at to (H-h) . By the critical depth die 
charge relationship, it can be sum that the coefficient #e.0 is 
C = 5668 (1 ; , Wh)  5. The transition between wetr and sill (bot eca. 
fl/h a 10 and 16) however has not yet been clearly defined. 
2.4 According to Ve 4 e Chou 	the effect of approach velocity Is 



negligible when the height 'b' of the spilllay 4s greater than 

1.33 lId tthero "Rd' is the design head oxeluding the approach velocity 
hoed. Under this condition and ,pith the design head, the coefficient 

of discharge C has been found to be Cd ' 4.03. 
in lO spi11 rays with Ed < 1.33, the approach a volocity 

will have appreciable effect upon the discharge or the discharge 

coefficient and concocacntly upon the nappo profile. Ior apilluaya 
having sloping upstream face, the value of C can be corrected appro 
mutely for the effect of the upstream face by, multiplying C by a 
correction factor, bradloy 	had however developed his curve for 

finding out the coefficient of discharge at any head based on Cho 
empirical relation C 3.97 (e/R )0112, where 'Be! is an operating 
head and HD Is the design head, including the approach velocity head 

for a standard profile having a Vertical upstream face. 
2.5 	Since the physical properties of flow are net identical in 

the models built to different scales the values of the coefficients 
of discharge do not agree even though the geometrical ratios influene-
lug the floe are the same in all cases. This fact vas observed at 

UJ.lrrigation Research Instituto,E0ort00 chile studying the coefficict 

of discharge for Ranganga barrage. The model of Reinganga barrage near 
village }Iarooli was conatitictedconstructed to a scale of 1/40 in a flume in July 
1967 representing only 2 bye out of a total of 17 bays carrying a 
discharge of 214,400 cfa (one fall bay and an other half on either 

oido) each one of 59 ft. the coefficient of discharge eras observed as 

3.129  this i odc1 Baas again constructed to a Scale of 1/30 and the 

cooffici cant of discharge use observed as 3.26. This led to the can 

c1uion that come scale effect is inherent in the observations nado 

for the coefficient of discharge, 

Similar effect of scale uus observed at Central 10ter & Poi ser 

Research Station paana(6)  in the coefficient of discharge observations 



on geometrically similar models, when the problem of Masts Weirat 

Leko Arthur Hill as under study in 1939. The geometrically similar  

model of the voir as ccnctructod to the scales of 317.5 , 3/6 , 1/4.5,. 

A 1/4 and each time the coefficient of Discharge 7/e 'D' (head over 
,weir) curve ,as plotted. "heir conclusive evidence was that iwith the 

increasing .R.V of model scale the coefficient of d cchIrgo decreases* 

However the reasons attributed to these variations ucro separation 

and aide ucil effect. It ryes felt by the Investigators at Poona that 

duo to the side drag of ect the coefficient of discharge eas affected 

to the +extent of 45. So the prototype coefficient 'icient of disc' rCe vas 

obtained by extrapolation and increased by 4, . No studtee on scal 

effect followed these,. 

2.6 	The general practice folloucd so far is to adopt coeQ ioient 

of discharge for prototype on the basis of standard 3.S.'R.R curves 

and then to verify that coefficient on model built to a convenient 

scale Realising that the coefficient as obtained on the model is 

subject to certain limitation a safer value for the prototype is 

recommended. It has boon found in many cases that t.81 B. curves 

depart considerably from that obtained in the model specially so 
under the submerged conditions, o the entire standard of coefficient 

of discharge curve moods a thorough revicu.. 
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CHAPTER III 
TBORRTICAL A N A b Y S i S 

3.1 IfTROWCT I OL 
It is intcndod to develop the discharge equation fron the 

first principle so that the various parameters affecting the problem 
could be studied in their correct perspocbi.vo. It is the coefficient 
of discharge appearing in the disoh rgo equation which needs a oonpro-

bcncivo analysis, thor~foro by dimensional analisis various dimension.. 
less ratios affecting the value of coefficient of discharge shall be 

oiolvod, and their effects studied on the basis of a ©rimental data. 
3.2 	Derivation of discharge foriuiax 

v T 
1 

s 

Considering a spii1 °ay of width B, operating under a head H, 
aaame the discharge passing through a thin slit of thickness ' h' at 
a depth 'h' from free urfaoo, and of fall, length B. Theoretical 
velocity through the alit  h 

.•, Theoretical discharge through the slit = 	x B z .9- h 
,'. Total thooreticgl discharge through the splflway 

N-t• iT°!2 
horo v-° is the approach velocity. 

0 —' 	 . 	Z 3IL 

But If trio coefficient of discharge is t an as Cd. then actual dis. 
charge through the spilllIrny Q 4. J. • C 	°l2 ) 2 	~2 3jy 

for ideal fluids the coefficient of discharge is a function (P/h ,h/B) 
those P is the height of sp l2 sa , 'h' is the operating head and ' b' is 
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the tidth of the approach camel *hi e B is the *idth of the spill 

uay. But in calculating the velocity of approach prior knouledgo of 
the Coefficient of discharge is required. Hence It Is co cniont to 
ignoro the velocity of approach and modify the value of Cd such that 

Cd 2/3 - 2ghoh 
Here Cd a f (P/h, WB and other fluid properties determining the 

velocity of approach) chore P is the height of the heir, 1 )I is the 
operating head, 'b' Is the width of the approach channel and 13 is 
the vidtb of the weir. 

3.3 DIM 5lON.QL A1. ,LYsi a 
The geometry of the floe pattern in the case of weirs arid.  

opill ays i, described by the width of the weir, 'b',  the width of 
the approach channel, S, the height of the weir crest above the 

bottom of the channel, P, and the piezometrio head 'h' referred to 
the level of the cost and measured in the uniform flow section 
upstream from the weir. The fluid properties involved are the 
specific iweight,j, the density 'f  I the viscosity A , and the cur. 
face tension ç, and IC the rmghness projection which controls the 
moan approach velocity. Only one independent flow oharactoristic is 
involved, end It can be represented by either the discharge $ Q or 

the head. Ho tor, becauso 'ii' is already involved as an independcnt 

go trio variable, Q is cOnVenitiy selected as the dependent 

variable. Tbua a complete statement of the discharge function vil . 
includo both 'b' end as in s 

f1(b9B9h9P,Ky/. , 
1

p ,ç) 	 a s s. s• (1 

From equation (1) , non. dimensional, ratios vhi of describe the 

discharge function can bo formed as 

bh 	h = f2 (b/B, b/h, W/h, K/h, it, t1) 	 (8) 
K/h could bo replaced by 'f' (Darcy' s coefficient) in tq. 2. 
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in r ch g 	, the acceleration due to gravity. The dependant 
ratio in Eq. (2) 3a a coefficient of discharge. The first three 

indopcndcnt ratios describo the geometry of the flow boundariost and 

the last tvo ratios represent the Reynolds and Wobers number, which 
can be expressed as U 	Jgh*h 	and 4a , /2g It 

In engineering practice In U.S. A the accelaratioa due to gravity 
is commonly included in the definition of the coefficient of dis. 
charges Tfiis for practical purposes, a convenient definition of 
tho coefficient, C, is 

C 
 a T V2  M f3  (b/D$  b/h, P/h, i, W, K /h or f) ... (3) 

bh 
from which Q 	 'S.  (4) 

The dimensions of C in Eqs. (3) and (4) are the dS41ensions 
of Jgg  . Because of its obvious si piiciby and danpito its lack of 

purity, Oq. (4) Is used as the basic discharge Sq. heroin. 

The discharge fUnct n represented by Eq. (3) cannot be 
evaluated by analytIcal procedures. Accordingly, the relative 
influence of each of the Independent ratio Est be evaluated by 
oxperimentati on. 

3.4 SIGN tt'IC N CE OF THE GEOMETRIC RATIOS IN Eq. (3). 
rho ratio bWB signifies the extent of contraction of the 

cbinnoj. That in the present case as the 114th of the weir is the 
steno as tho width of tho approach  channel. This ratio is inaigni. 
ficont, 

The (b/h) ratio Is a moacure of the shape of the discharge 
liquid stream in the plane of the veer. The influence of this ratio 

is bolievod to be negligible over the fail practical range of the 
other variables. The fact that most of the published results of 
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research on full width -deirs ipnoro the (tVh) ratio ,indicates that 
Its influcnca was not evident from the ezporimautal data, 

Tho P/'h ratio is a measure of the depth concentration  
characteristic of the oir. It is coinplewontar3r to t as Contrac . 

Lion ratios Bocauso velocities in the approach channel are proper. 
ti+ana]. to the head$  the (P/h) ratio is also a measure of the relative 
magnitude of the velocity in the approach ohfnol. Since an this 

ratio dapondo the velocity of approach ehnnol, it serves to signify 

the Proude No, of fl . Thus (i/h) ratio is more than more2y a 
geometric parameter is the discharge function,. Its variation will 

ahango the coefficient of discharge significa tly, Hence (P/h) ratio 
has been chosen as an Independent ratio to describe the changes in 
coefficient of discharge- 

`he K/h ratio  of '1' is a measure of relative roughness of the 

crest and the approach channel. Th the approach channel it is the 

main parameter in combination pith the Reynolds number to determine 
the velocity distributions hence the coefficient of kinetic energy 
distribution!  ' 2(' vill change the effective velocity head and 
hence also the total head* The velocity distribution Is given by ► 
v s 5..76 vo !Oslo  	O  Similarly in the crest the vats of 

K/h, determine the profile of the boundary layer, thich is given by 

the Dour' a Eq. S?h 
9 /L a 0. (WK) 0233  for a spi lvay, ina hioh S, Is the 

thiccnaso of the boundary layer at a distance L, from the crest, and 
9 is the roughness , at the crest so the velocity, distribution at the 

crest is determined by the roughness parameter. Different values 
of the rou.ghnoos paramot 	aiii load to different values of 'oX ' In 

tho approach channel as tol]. as the crest, hence different values of 
coefficient of discharges 
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3*6 	ignificanco of R A "f 	Influence of ynolda number and 
1Jobo.rs number cannot be precisely estimated* It is, hoover, knot 

that the relative influence of the tvo fluid properties Increases 
as the hand on the t eir and the size of 'tho toir decreases, 

The Reynolds number to a measuro of the rei itive influence 
of `, riaconity. It is usually o roesod as g 	'1) , in which. V Is 
a typical velo ity# 4 is a conveniently evaaatod and physically 
significant longtb, and ' ' is 'the kiri.ornaUc viscosity of the fluid. 
For largo$ full width us s, the most significant length is the 
head. or small nerro weirs, bo*iever, the width of tho weirs, as 
uc .0 as the head, no in4opcndntly signifiont. Bocau so velocities 
in the vicinity of he ucir crest are proportional to the square root 
of the head, jE can be substituted for '1, vhene Jh,bJo s gnifios 
Reynolds number. * Thus, for a given fluid, the total Influence of 
Vieosity on a given air can be o rossod in term of h or b a loo. 

The Veber number is a measure of the relative influence of 
surface tension. It In usually o rossod as ' 4 V J 	in which 

j P 
the surface tension, ~- 9 and the density, P are oss tially constant 
for a given liquid. Dacauno IV' is proportional to j and because 
'h' or 'b' or both can be sign .fioent lengths, Lg the ratio J h 

viii have the signifIa ce of the • obers number. 	 c~P 

Tbi s the effects of both viscosity and surface tension for 
a given volt sad liquid arc rolatod to the absol to magnttadt a of 'h' 
►d. ' b' , consequently it iss l osnible to distinguish the separate 

offocts of the two fluid properties from experiments vith a single 
liquid. 

Because the RoYno34e number for any flow pattern Is inversely 
proportional  to a typical viscous shear force the relative Influence 
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of viscosity decreases as B increases. Similarly, because the 
Voborsnumber' Ic inversely proportional to a typical surface ton- 
seen force, the rolativo influence of surface tension decreases as 
Wobers numbor iaaroason. It foU.l,oua from the foregoing definitions 
of R and F In terms of 'h' end -r b' that, the relative influence 
of the combined fluid properties diminish as dither 'h' or 'b',  
bocomea larger* Thus, for large heads, on large weirs, the 

influence of viscosity and surface tension is negligible, This 

oOncluicn is substantiated, for cxsiplo by tho observation that 

coefficient for large veIrs is essentially constant $ for all, beads 
above a certain minim* That is,) C is independent of the fluid 
property, paranetora for large values of I h' and 'b',  Renoo the 
distinction bet re "CmaU' and "Largo" suet be based on systematic 
experimental investigations of the independt relationships bett~oen 
C end he 

The offeota of Viscosity arid surfaco tension can not be 
described by enact physical er et ions, Nevertheless, any procedure 
lIloreby thoso effocto are olitinatad from the discharge ftrnctton 
mot bo based on a general understanding of tho mer in which the 
fluid propertjos fJucnco the floe pattern, 
3,8 THE ZtPWICE OF VI8CO$I. 

A flea patternuhloh is determined by be nd ry conditions 
aloan is described no a potential iotion pattern. The influence of 
viscosity in + real fluid motion can be illustrated by coiaria'ion  

t~Ith its ,potential motion coirntorpart.  
The principal effects of viscosity on rich flow are those 

vhIch are ac ooiotod with flow pattern modifications ations canned by 
boundary resist co and sep+ ratione Thtis as nom arod 44th its 

potential motion counterpart, the vortical tra3octory► of the nappo 
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is lower* Viscous shear causes the flora to be retarded is the 
vicinity of tho boundaries. This condition'; can be doscribo with 

rospect to the potential motion by means of the discharge displace-
ment $  boundary layer thickness, 

The influence of viscosity has been associated th the 

occurrence of boundary layer and separation zones,* It should be 

elaphasized, hoever, that the thickness of the boundary layer and 
the size of the separation zones arc not directly proportional to 
the magnitude of the head or th ine of the wo1r» For this reason, 
the effects of viscosity are often described as scale effect. This 
is consistent with the previous conclusion that the relative effects 
of viscosity diminish as the size of the weir and the head on the 

weir increase. 
37 THE INIPWEMCE OF 	'A E T SXON 

Surface tension is seen to have tø fold effects firstly it  

m ee the nappo to cling to the top edge of the crest* Time cow 
pared with its potential Motion. cotntorpar , a real fluid Is charac. 
tensed by a longer try ectoryo The effect of the occurrence is 
similar to the effect of the rounding tho upstream edge. Therefore, 

tho effect on the discharge, is the same as an increase in head. 
Secondly the surface tension causes a resultant force 'F' 

acting in the direction of the centre of curvaturo of the nappee 

Furthormore, because the resultant surface tension force has a 
dominant doianard component it has the name effect on the discharge 

as an increase in bead, It should be emphasized, ho or, that the 

relative influence of surface tension diminishes as the size of the 

teir and the head decreases* 

It follove from the foregoing discussions that the relative 



influence of fluid, properties diminishes as the absolute value of 
'h! becomes larger so it can be interpreted that coefficient of 

discharge is independent of fluid properties in prototype, while the 

fluid properties significantly affect its value in the models the 

extent of effect depends upon the scale to which the models has been 

constructed, Hence different values of the coefficient.. of discharge 

are obtained when the model is constructed to different scales, and 

the variance is attributed as the scale effect. 
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C11PTER IV 

SXPERII-I1IS" AL PROCEDURE 

4.1 IN EOLUCTZO 

Tho p roblom ©alnly involves flow in t ro directions, he a,co 
the oa arimcntatic i vaa done In a Class tiallod flu no. The discharge 
DoacurinC chorp crested rio r as calibrated means of a calibration 
tank hilt at the downstream of the flume. Tho entire experimental  
set-up hao bo i shot In ?guro no.11 and described in the following 
p€zaai 

4.2 4BR0gM2T 

E porisiofttation tort as carried out In a florfta 3 ft. wide, 
20 ft. long and 2.3 ft high* As the problem involves only 2 dinoa-
atonal floe studios, the aide walls of the fluwo were rondarad 

hydrod7namically smooth by providing glass plates. A sharp crested 
acir was provided upstream of the flume for the measurement of flows 
However, as the discharge cootfici+mt of the sharp crested sir varies 
with hoadp the weir was calibrated by actual volumetric measurements 
of flow* Per calibration of floe calibration tcP 20' 30' x3' was 
Constructed downstream of the flume. Thua volume of water collected 
in adefinite time for a certain Mead over the sharp crest was observed, 
and a calibration curve between ( and H over the sheep crest wan pro. 
pared. Since Q and H are related by a power lows  this anwo wan also 
drat, to lo-log scale in which aaso a perfect straight line was obtain-
od proving that the calibration cas ro is correct. This calibrated curvo 
ties used for mbueqieni flow men urcnmts. The a orimental flume was 
providod with a gauge pit 12 foot from the opiliway crest in which 
undisturbed and unaffected tator lcrola could bo moasurc d., Tho flume 
toe provided with a roving trolly for observing the wwator srfaCo profile. 



4.3 PROTOTYPE $PXLUMY 

Por eaAtzucting tha iodo1 tr prototype with P a 60"0 H = 18", 
H~ (volocity head) = 2'1 Sao assumed and the equation of the corms. 
pending sp .11 roy profile teas datorminod tlth the help of U.R«'R*R 
curves providod in "Design of Snail Dams" (Chapter on Rpill~ is) (8) o 

The oquation; of the spit vay + orkn it to 

'/ 	ts 0.851 W20)1°833 	 a... 15) 

y and X co.ordin tos for this sepiUU r r profile •were doter ode 
Co.ordin toc for a particular scale havo been corked out 

by dividing respective co-ordinates with the scale ratio. Thus 
geometrically similar models to scabs of 1/409 l/0, 1/209 1/15 

and 1/10 sere built.With each 4 different roughness Toro provided 
tn the approach charnel and the crest* For, providing r€ughaessos 
shingles of 1", 2', 1/4" and cement plaster pro used* In order 
to assess the correct value of K (roughness projections) Blom 
analysis of the roughening material bias got done, so that dam,in. 
each case eat taken as h. , the effective roughness. The roughneseoa 
of the roughening matorialo thus iork out to 0.114?, .033, *828 A 
oOO75 respectively In foot, 

4.4 	Head over the crest tine then suitably altered thus chonging 
the value of P/h. For one value of P/h coefficient of discharge i as 
taken as Cd = 

	

	2 uhero R is the flume .dth and 9i' is the hoed 
Dh 

over tho crest. A plot vas next dratin bet aocn the dimensionless 
pare etor P/h ;end C (having the dimcnsionn of ,,, g) » This curvo vac 
snoothcnod and ortcndod both time. Thus for oacb roughness plvo Scale 
nodal roults Coro obtained, and for bettor conparision curves for 
different saalo but for came roughness worn supos imposed over each 

other. Four such sets of csivoc yore prepared yhich appear from Figure 
1 to 4. 
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4.5 	The ,profile measurements of floe were taken additionally. 

The temperature at the beginning and end of the experiment of the 

flowing water was taken. Mean temprerature was assumed to prevv4nt1 
during the experimentation. Values of 9 (kinematic viscosity), and.  
r (mass density) and also 	(surface tension) were measured for this 

terrereture. additional measurements of sediment content were taken 
of the wing water, The concentration of sediment load remain  
constant nearly during the experimentation.  The experimental obser- 

vgtione are given in the form of a (abbe' in appendices, 

` 	 s 
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CURTER V 

ANALY8IS OF DATA 

6.1 INTRO CTIO i 
For the complete similarity between the model and prototype 

it is essential that various dimensionless ratios do which the 
coefficient of discharge is dependent should be the same cn the model 
and prototype* Therefore the data has bo be analysed In such a 

fashion so that the variance of coefficient of discharge against 
different parameters involved could be studied for different model 

scales. 

	

6.9 	In the first instance effect of geometrical ratio P/h was 
caught to be eliminated and as such for a particular roughness both 
in the approach channel and at the crest, full variations of C with 

P/h were observed for particular scale model. A curve was drawn 
depicting the variation of coefficient of discharge with P/h. Similar 
curves were drawn for models on all scales taken for study. These 
carves so draws► for different scales were next super-imposed over each 
other so that comparison could be made at a glance. arch a set of 
curve for each roughness under study was prepared. Curves drawn for 
different rou.ghnessea appear from Figure 1 to 4. From these curves 
it vas possible to equate the geometric parameter P/h. $tudy was 
therefore first limited to design head in which case the value of P/h 
is equal to 60/18 a 3.33* Therefore values of coefficient of discharge 

for this value of P/h were found in each scale model for each roughness, 

	

5.3 	It was next desired to equate the roughness parameter (K/h) 
in each case. Since for each scale mode. four Values of (K/h) were 

available (as there were four roughness under study) , for the same 

geometrical ratio P/h. This curves were drawn between (K/h), the 
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rougtr eoe parameter and the coefficient of discharge for each scale 
modal, for the fixed value of P/h, w 3.33. Such a set of curves 
appears in Figure S. In the case of prototype the rugr sity cosffi.-
cieot 'II' was assumed as .0222. From $t?lfkl.er' s fors la ' n'  
the valuer at 'K' the roughness projection was computed as .0546 and 
so the roughness par eter ( ) for design head for prototype was 
found as .0364. In each scale n del the values of coefficient at 
discharge for this value of (K/h) was founds in order to eliminate 
the effect of roughness parameter from the field of study. 
6.4 Thus the variation of coefficient of discharge left out after 

elimination of geometrical and roughness parameters was mainly due 
to differ t Reynolds numbers and Vlobers nwnbcrs. Hoer, as 
explained earlier since tt is not possible to study the effect of 
Reynolds number and the Webers number separately as the axporimen 
tatton was done with water. At the first in*itanoe however the 
effect of Reynolds number was studied as Re = V BB/~ ! where 1, Is 
the velocity of approach. In this case the velocity of approach was 
taken Into account just to make use of the coefficients of discharge 
as found out after eliminating geometrical and roughness effects. 
the Reynolds number were calculated from its basic R •u. 	H3'2/.) , 
the Reynolds number in each case would have been only proportional to 
the model scale, and the effect of the variation of coefficient of 
discharge could not have been taken into account, For similar reasons 
the Webers number was calculated as W 3/ /J, and not from its 
basic form W a 	2g h/ 	' -' .)' p ' being the properties 
Of the fluid which were found out for the temperature at which the 
experimentation was done. 
6.5 	Next the Reynolds numbers of approach channel for the 

specificed values of (P/hp, and (K/h) were computed. I6071 Vag 



drotn botvoai the coefficient of diaohago and Reynolds number ac 
a►hotn in Figure 7, It is evident from the curve that Reynolds nunthers  
are significantly offoctivo in the working range of modals* After a 
certain value of Reynolds number ceases to influence the values  vIzec of 
coefficient of d scht.rgo, uhiah means that the viscous effects are not 
Important after certain values of the absolute head and the height of 
the reir is achieved. Bat from the curve it is clear that there is a 
considerable variation bottieon the values of Reynolds number for the 
prototype and model and it cLzld noel a oonoiderablo amount of o tra-» 
polation to predict the values of C for prototype from the model 
results. Moreover it is expected that Reynolds number and Webers 
number are related to coefficient of dichrge by power lay. There-. 
fore a plot vas tried between the Reynolds number V/ coefficient of 
discharge on log paper as ahon In Figure 7, This vas observed 
that all the five points sO obtained lc almost on a straight line 
and so proving the power lOv. From this graph the value of the 
coefficient of discharge against the Reynolds number as existing on 
tho prototype was obtained as 4.06. 

5,6 	As has been di ausaod in the preceding paragraphs that it is 
not possible to separate out the effects of Reynolds number and Woboro 
number It the experimentation is done 4th the same liquid. It vas 
therefore not ponsiblo to study the offects of variation of Shore 
number and Webers number on a quantitative baoio. Ro~uover just to 
complete the qualitative studios it has boon e.tte ted to'study the 
trend of variation of coefficient of discharge with t3obors numbort 

so that only the nature of the carve could be kno%~n,without olimi- 

noting the effects of the Roynoldo number. It hardly noeds any 

over emphasis that the curves do not in any case represent the 

quantitative offects of the 'reborn number on the coefficient of dis. 
I 
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charge over weirs and spi lvay. It is already ,oraa from knowledge 

of the sharp creotod weirs that the extent of effect is not very 

significant as compared to the effect of Reynolds number. Therefore 
different values of Webers number were computed for the same geome. 
trio and rougtesu parameters, and a plot between coefficient of 
discharge and Webers number was tried as given in Figure S. This 

curve was also tried on log paper as shout in Figure 9 to minimise 
the extent of extrapolation. The ca ivi obtained is again linear on 
log-log parer establishing the power la between the coefficient of 
discharge and the Webers number. The value of coefficient of 

discharge for the value Of the prototype is almost 4.00$. 
TWO a mean value of coefficIent of discharge for the prototype 

as obtained after equating all the d msiorlese ratios involved in 
the discharge function could be taken as 4.03. 
5.? 	Similarly the coefficient of discharge cold be found for 

any other operating head that is for any other value of geometric 
parameter P/h, the roughness parameter /h), Reynolds number and 
Webers number, The value of the coefficient of discharge so obtained 
shall be more or less Independent of the scale effect. Of *curse 
there will be still be certain limitations to the correct extrapola-
tion of the value of the coefficient of discharge for the prototype. 

5.8 Ai.T N AtXYE ANALYSIS 
In the above analysis It was felt that 	.h) awe does not 

fully represent the roughness parameter, as the friction losses are 
a function of R and X/h. It was therefore felt to define roughness 

with a new parameter 'f' known as Darcy' a coefficient and as such 
C 	(P/h f, R,W) 

This as done earlier coefficient of discharge for the design value 
of P/h a 3#33 was read for all scale models with all the four rough. 



in approach nhanndl may be influoncod by various parameters. It 
'thorofore appears reasonable to take a parameter deto ning the 
velocity distribution of approach channel, As 'f' is a function of 

tx/h and Reynolds number) and includes the effects of both the form 
'`-bnogs as yoU as the surface roughness, it gill be more reason 

models as shy in Figure ►vetor than to t&Xe t'b which only aecountC 

K and Reynoldo number has barn road Ittbor" has presented both the 
!alu°s a '. r. fordttfovcnt scale rid'" 	~ naramete 

soparatolp 0̀  , 	 C 

5lO As the Q erimcita. f'luie yas of limited dimensions, It was 
not possible to mo üsure the velocity profile in the flume correctly. 
In order to determine the kinetic energy coe fIc ent , a theoretical 
velocity distribution (log., ditibution) yas assumed. The value of 
Alpha in every case has been calculated an the basis of fo ula 
provided in .MaidMechanics by DGardo.. Values of Alpha thus 
calculated ore given in Appendix. It is clear from these values 
that yitb the increasing values of Alpha the values of coefficient 
of discharge decrease• This may hc provide explanation tofteAging 
valuos of coefficient of discharge yith chancing scales and roughness. 
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CEAPTEN VI 
C0I 'CLU S1oI 

6l The present studies have ctoblishod that there does exist a 

scale effect iu the values of coefficient of discharge as detorninod 
on the basic of model e•,orJ ents conducted on ge etr1cally similar 
model of a ucir and np.iliunye From the perusal of giguros I to 4 
it is ovidc nt that i4tb the increasing scale ratio the coefficient of 
dischar o decreases for a particular value of the geometric rat to 
Vac the cooff icicnt of discharge as observed on the model will be 
smaller than the one o pmetcd on the prototype rich is 1. to I scale 
Norio.. Rcuco It is safer to adopt the values of coo ` `icient of 
discharge oboowod on the model for the prototypo r The reason s of 
this variance could be egtablisbod from the analysis of discharge 

notion whereupon it is found that it depends upon (i) geoDotrio 
ratios  (Ii) roughness parameters, (iii) flu d properties, and (iv). 
sedimentdiment concentration. ifowover sediment concentration as not 
taken in the 9rescnt studios as the entire eperimentation was done 
vitb the help of clear water. Croce the dimensional ratios respon. 
ciblo for the various of discharge fiction are not the same to model 
constructed to different scales, some values of the coefficient of 
discharge aro not expected for the same geometrical ratio0 Thus than 

dimensional ratios represented by (K/b) or 'f' , Reynolds  number 
and 't ebors nuibor arc not the same in the iffcront scene models.- 
hence the variance In the values of the coefficient of discharge., 
Apart from these it was found that whibe coactructing geometrically 
similar models i4 zbich every co-ordinato of the prototype is 
divided by the scale ratio to obtain the corresponding vo.ordtnato 
of the modol, the original equation of the crest profile to not 
onactly repronentodo The model crest thus represents a profile 



vbo,se equation Is not the original equation of the prototype. The 
new crest profile although corresponds to the equation of the lover 
nappe for the model head yet is is mathematically a different profile. 
in the case of 13., $. B.R profile of a spillway the model profile will 
represent a different U.8.L.R profile wb ch corresponds to the model 
head. This testing different scale models of a epi .iwey ammte to 
testing different U. S. B.R profiles, and so certainly the same values 
of coefficient of discharge for same geometrical ratio could not be 
expected$  and thus any attempt to estimate the absolute values of the 
coefficient of discharge independent of all effects Viz. of roughness 
and fluid properties, will have that limSiãtion, since such an affect 

termed profile effect could not possibly be eliminated. 
6.2 It is further possible to predict more approximately the value 

of coefficient of discharge for the prototype for any operational 
head,. The process lies in conducting a series of experiments  for the 
mama scale Model w&tb different liquids or alternatively by conduct g 
series of experiments an models ' constructed to different scales With 
different roughness in approach channel and crest with the game liquid 
water. The main idea being to find the discharge function for the 
dimensional ratios as existing on the prototype. Firstly the gaga+. 
trical parameters are equated and then the roughness Parameterso 
Finally the offset of fluid properties could be avoided by plotting 
results obtained on different sale modelss and finally a rapolating 

for the prototype oonditione. 
6# 3 It is however, not possible to give ready made, general curves 

from which the6orrect values of the coefficient of discharge could be 
road for the prototype on the basis of the value  obtained on a pa.rti-

eu1ar wale  model. Hover, levelled diagrams for different values of 
(K/h) could be dews between C and scale ratio t roughly estimate the 
percentage effect and this ratio on being multiplied with the value 



of C obtained on models could give the value of coefficient, of 

discharge on the prototype somewhat approximately. 

6.4 Further, It was found that Balers number and Reynolds number 
are related by a power law as the plot obtained between the two on 

log -log paper is linear.  Similar is the case with Uibers number 

and Ealer number which are also related with power law. Of course 

the slope of the straight lines obtained on log4og paper.between 
flare number and Reynolds number and that between ailers .number 

and Webers number will be a euneticm of geometrical and rougbness 
Par to s. As such it is possible to find an empirical relationshl 

between Reynolds numbers  Filers number and Webers number and to 
connect the slope of the line with the geometrical and roughness 

paraeter to generalise such a ao]ition. However, such a solution 
Viii not be absolutely true, 'because it is not possible to Isolate  isolit. 
the effects of Reynoid.number and Webers number as complained In the 
preceding paras. Neither is their effect in the discharge fiction 

sub3 set to mjthematicai treatment, Nevertheless such an +anpirical 

relationship derived purely on the basis of experimental results 

will have limited utility# 



REFERENCES 

1. Discharge Characteristics of Rectangular Thin Plate Weirs 
by Kinds Mater & Carter (Journal of Hydraulics Division 
1957 ASCR) 

2. "Precise Weir Measurements" discussions by Rehbock Transactions 
ASCE Vol.93$  1929, p. 1147. 

3. "Characteristics of flow over Teninal Weirs to sills by 
P.K.Kandaswamy & Hunter Rouse (Journal of Hydraulics Division 
Aug.1957) . 

4• 

 

"Open Channel Hydraulics" by Ven-teiChow chapter on spi. 1 !ays. 

5. J.N,Bradley; Discharge coefficient for irregular'-overtall' 
spillvaays, U..s.B.R. gineering Monograph no.9, Mgreh,1952. 

6. Annual Report C.W.P, .8.Poona. (1939) ., 

7. Willian J»Haar: Turbulent Boundary layer on steep slopes, 
Transaction Americal society ofClvi : Engineering Vol.119, 
pp•1212-1233$  1954. 

8*  Design of small Dams (J.S.R.E.) 

.9. Elementary fluid Mechanics by Hunter Rose. 

ltd, Advanced fluid Mechanics by Hunter Rouse. 

11. fluid Mechanics by Dr,Rj.Garde, 



Model Sce1 r • 1/10 	L a 3 ft. 	Shingle used • Gwent plaster 

Q 	ffPP 	Q/A ha*V "/2g MP 	H3/2 L312 p/ 	C 
in Q/ 

fest  

0,5100  w.141 .641 .2992 .0014060 .145406 #0556 *16490 +3.550 3.46  

0,89 .180 .680 ,4550 .00 	.183 	.094 .2916 0 2.780 3.06 

1.2250 .219 ,719 .3760 .0051950 #224196 #1069 .31400 2.285 3.90 

1.630 .251 .151 *7360 .004 O .269490 *1320 .38950 1*993 44'? 

	

2.0100 .266 *786 .8960 .0125400 .299 	.16 	.48180 	 Q 

2,2800 .311 .81 .9999 °.0l86200' .326620 .1868' .54850 1*150 '4.34  



Model Sale .110 	L xx 3 f. 	S1ing1e used. Cement plaster 

Q 	R`P vst /* 	Y2/ 1 H+ 	Hr3/2  L 	2  P/h 	CaS,g  
in in QAHO 

048603 test 

0.1196  *065 .388 0.1027 *000216 .085216 .0130 .03886 6..066 3.080 

e  

0.5700  ! 135 *468 0..4090 .002615 6137616 #0509 •15140 2.468 3.762 

0.8 	.169 .602 0.5990 *005660 .174600 .07320 #917 	1.970 4410 

1.225 ,204 .53? 0.7716 .009310  . ?300 #0980 29000 1#623 4.2 

1« 	.238 #671 049650 .014 	.282600 .1270 .37500 1.400 4.340 

2,070 . 	.602 1.1.6'0 .021354 .290350 .1570 .46300  1.238 4#460 

a .281 0614. 	.0A  



Model Scale - 1/20 	L a 3 ft. Shingle used - Cement plaster. 

Q 	t 	q+P 	'A 	/ R ha 903/2  LE0 	P/h 
in in  

Cosec$ feet 

0.1196 .054 ..,)4 .1313 .000211 .054270 .0127 .0380 4.830 3.142 

0.3220 .092 . 	.3M .001558 .093558 .087 .0858 2.717 3.760 

0.5700 .129 .379 .5050 .003990 3' 	.0485 .1442 1.938 3.950 

0,8920 .166 416 .1220 #008170 374170 .0730 #2166 1.505 4.120 

1.2250 .198 . .9235 013350 .211350 .0911 *2878 1*262 4.260 

1.6 	*230 .480 1.1 	.0 	.250600 .125? .3713 1.08? 4.390  

2,0700 .289 .509 1,3710 .028450 .287450 #1 	.4620 0.965 4.870 

2,4780 .283 .533 1.5?? #03 	,321800 4824 .6385 0.884 4.610 



Model 80815 . /3D 	i. 3 ft. 	Shingle used • Ceint plaster 

I 	Hp 
in 

.» 
V Qf1 	hVV/2g fla H0 3/2 	03/2  P/ 	CO 

Q/L R0 	2  
cUsoas feet 

04196 .054 .820 049350 .000585 .064585 #01 	.42330- 3.0850 	3.16 

0.3 	.099 #255 0#4236 .002790 *0917 	.0277 .08275 1#8720 3.89 

0.6700 .126 .292 0.6666 .006750 .132780 #047 .14080 1.3210 4.06 

0.8920 .156 .222 0.9335  .01 10 .169610 #0694 .20600 1*060 4.33 

1.2250 . 	.366 1.1630 .021180 .210180 .0963 .28550 0.8816 4.29 

1.6300 *219 *388 1.4 280 ..031750 .280750 4259 -.37100 0*710 4.339 

2.07 A% .420 1.6720 .0437 »2fl 	.1820 .47700 0.6560 4.32 



4BLU05 
Mod e» Scale •« V40 	L e3 ft 	Shingle used as Cement plaster- 

	

Q 	11 HIP? Q/A .h /2g 	H►1I 	2 L312 P/h C 

	

in 	in + f 1Ca 
seas feet 

0.1196 .058 *177 0.2260 .000190 .062796 .01215 .0363 2#4020 3.292 

0.3220 ,001 .206 MW .004310 .088310 .02500 .0"~"i 1.8420 4*315 

0.5700 .122 .241 0#7760 .009410 .131410 .04770 #1424 1.0220 4.010 

1.' 	.178 .303 193620 *029100 ..207100 009" .28? 0.1020 4#390 

1.0200 .202 .37 1#6860 *OQ 	*246500 .12270 :#3630 0*6190 4.480 

2.0700 i228 	3 1.9820 .061" 	*989,60 n16350 *4830 0.W0 4#M 

2* 	.242 .3" 2.1 	.075 	.317800  *17 ► .6 ► • 



Kdøj Scale • /'10 	 L s 3 ft 	$hirgl, . used w 1/4" 
(appTox) 

p v q/ hs*V2/2g H t. X3'2 LB0 '2 P/h am8/2 ire► 	 QAHO 
gees feet 

0.1196 .057 .5 57 0.0717 .0000805 , OB(- .0128 90412 8.770 2.910 

4 ✓,,,~i 	9FR `;ii ~ 	[- Ai~lv'+~:i 	i11aM': 	i 	A~w! W ~F+i1 	'i 

0.5700 #139 .638 0.3050 .003. 	.339420 .0519 .18 3.592 3.695 

0.8920 *179 .679 04270 .0028500 .3.81850 *0770 .2982 2.790 8.920  

1,2250 .21? 9717 0.5780 .0062200 .222220 .3.046.3W 2.302 3.960  

S r i i 	F.~ u 	1Y 	' 1 	F e T 	T• iF 	1~ 	T 	1, Y ./ 	T• 	 • 	'~ 	'~" * 	r 

2.070 *. 	.190 0.8910.012 0 AD 	41 	4916.1.723 4.220  

2,48800 .329 .822 3 ,0270 .01es ao .33830  .1970 #6770 1.553 4.290  



• Model Scat r r. 1/15 	L = 3 ft 	Shingle used-114"(Approx) 
,. 

Q 	R 	P V*Q/A 	V2/ 	 Ho 3'2 	2 P/h 	cm 

LEO 

	

0.1196 *066 .386 0.1O28 .000164 90561 	.0]34 00402 6*890 2.970 

	

0,5700 tit 1006 0.42. .002 	.137 	.0510 .1817 2#445 3.780 

	

0.89 .272 1502 0.5990 .005600 *177 	!0748 .2215 2#919 4.030 

2.2280  .23.1 .641 0.7 	.009170 .220170 .1035 .3060 2.565 4.00 

..OW #236 .568 0.W50 .014850 .260B50 .1312 .3874 1.398 4.210 

4 i# 	:i~ 	~>i ~.,~i:irM 	~ '•.fit 	~..~ 	~i', 	~ 	r,'~0 

2+3500 .302 .632. 1.2 ?0 .025150 ,328180 .186 5 .5475 1.095 4.280 



model Scale • 1/20 	to a3 ft 	Oe gle used a 1/4*( p X) 

ç 	nit, V qiA 11Y2/2$ naa 80 12  WW2  P/h  
Ro 2 

4.1169 .053 «003 0.1 	.000272 .003272 *0123 .030 4. 	3.246  

0.3220 .094 .344 0.313B .001540 .0955W 00' 	.05 9.615 3. 

0.5700 *131 .361 0.8030 .002060 .134950 .0495 #1415 1.885 3.868  

0.8920 .17 .41? 0.7215 .008140 *178140 *0731 62195 1496 4.065 

1.2 	*202 .452 0.91 .01 	.218150 ,09 	.2960 1*16 4,160 

1,13 	*934 *484 1.1 	#2M 	AA 	*X O. 2 4,318 

2.0700 .907 .517 1.3530 .02800 .2 	.1608 ..47 	0.&' 4.360 

2.1800 .276 .826 1.4070 mOMM .306850 .1705 .6020 0«  .d 4.325  



Model .Ssal• - 1/30 	L a 3 ft 	Shingle used - 1/ "( proxy 

Q 	R + p i Q'A hY~ Ho+ht Ho a LHo 2 . /h in It 
seas feet 

0.198 052 .22176 .1840 .000828 .061528 .0117 .0309 3.262 3.418 

0.3220 *090 .25667 .4215 .002710 .092770 *0282 .08410 1.850 3,822 

0.8700 .128 .29267 9267" .6460 .006510 . 13252.0 .0482 .14230 1.322 3.915 

0.8 .159 .567 ,9240013220 .172320 .0717 .21300 2.007 4.180 

1.2250 '491 o,Z?67 1465,O20800  .21181)+ .0912 .800  0,872 4*260 

1.6300 .223 *28767 1.4230 .031650 .282650 *1259 .fl80 0,753 4.390  

2,0700 *959 .41867 1,6760 .'44000 .296000 461.0 .41400 0,661 4. ?5 

2.4250 .276 ,44267 1,8 	.054100 .320100 .1910 .86200 0,603 4.320 



Model 8oa1.~r . 2/ 	L a 3 ft 	Sbingle used ► 1/4* (AFp x). 

H H+ P itaQ/A 	s' / Hv1 	?2 Lfio 	P/b 	C ` 
q 

cosecs toot 	 LH 

0.1196 .049 .174 0.229 .00082 .04932 .0110 .4328 2.55 3.632 

0.32 .870 .222 0.609 •0 .091 	.0276 .0824 l.4 ?0 3.910 

0.6700 .192 .247 0.780 .0096? 913167 .0476 .123 1.0260 4.040  

0.8920 .166 .281 l.0?l .01783 017383 .7250 .2163 0.6020 4.150 

1.8250 .186 . 311 1.330 •O70 .22300 .0393 .2935 0*67220 4 

1.6 	.218 0343 1.582 .O20 .25710 .1302 .3250 0.8730 4.221)  

2.0700 *262 .2'7 1.865 .05430 .30630 .1692 .4990 6*490 4.116 



Mo4*3 seal# « 1/10 	L ft a ft 	Shingle used % 1"2" (4pprozz 

q 	H 	P ' .#JA h** /8g Ha* 	n0 2 i t► 2 P/h 
in in __ cu,secs foot 	 L a/2 

0.3.196 .053 .552 0.0723 .0000817 .08 3.7 *0 2 MW 0.950 3.280  

~ 	`~' .r1 	~ "`~ 	t '.~s 	+~ 	w . 	K 1 ~ w 	w ~ 	t "~w • 	e ~ 	IF ~' ~%: 	! :.~i # ~ 	yr 	s 4 	i +'~' 

0.6700 .136 .636 0.2018 .0014200 .1374200 to05l0 .15150 3.680 3,162 

08920 378 .676 0*4460 .0031200 .1781200 .0750 .22200 2.858 4.090 

1.2 	.211 .711 0.580 *00 	.916 	..1100 .32450 2.70 3.780 

9.0700 .283 .788 0.8650 .0114200 .2944200 .1600 0 .47 	1.7667 4.410 

2.4540 .310 0810 1.0320 00167000 .3287000 01260 .54600 1.613 4.480  



Model Scale- 1/16 	L a 3 ft 	Shingle used -* 2 (Apps) 

Q 	R 	p V Q/A js/ 	1b3/2 X3/2 ppg 	C 

Bea$ feet 	 ,RQ 7  

.1196 *056 ,5 0,103P .0001602 .055168 .0129 .oasa 6.000 3.100 

~ 	"✓  ...i 	•s w 	s R 	~~: ~.l±~ 	• 	iR~ 	'~ inn: 	4,".' A ► 	i 	~ 

0.89 .173 .503 0.5 	.008 	► #178616 s0 55 ..22400 1.905 3.982 

1.2 	.539 0.8225 .0105600 .218880 .1025 .30330 1.585 4.040 

'4 a w "1~ 	f • Y 	R! 	r a .ir, 	* 	• 7 ~ ! 	■ w V 	 +F r ! d 	 * 	 i ~3 

2.0700 .283 9613 0.1540 .0208000 .303800 .1670 *49004 1.166 4.230 

•,w r 	1t 	: 	; 	r 	i 	f o o '. i 'r 	 i 	 it 	r ,w. 	i 	 .  



Modal Baal* 1/20 	& a 3 ft 	Shingle used 1/2"(Approz) 

94 ;;;g; W2  

cusecs feet 	 lauD 2. 

	

TT NO i TS* 	 - 	 •1_iir 	_r1---r 

	

- 	-. 

04196 .055 .305 0,1310 .000268 .055268 .0131 .0391? 4.5400 3#058 

0.3220 .093 .33 0.2141 .001543 *09" 1.0292 908690 2,6870 3.710 

0.5700.12 *382 0J0201.003950 .135950 1.0499 1414820 1.8950 3.841 

0.8920 .167 .417 O,7225.0081 	.175160 .0734 '.21680 1.4980 4416 

3.2250 ,202 '.452 0.9170 .013120 '416120 '4000 .29590 1.2380 4.180 

1.6300 .237.487 14320.020150 

2,0700.2?3.528 1.3430 .028250 

.287160 
*4305 

 '.38450 .0580 4.235 

.301250 4653 #48700 0,9165 4,260 

 



)1odol Scale o. 11/30 	L a 3 ft 	Sb glo used • 3/ (APD z) 

H H+ P VSO)A X429 Hox h? , R63/2 L42 P/h 

ctZSoa$ test 	 2 

8,1196 .049 O 21.50 . 04860 .004 	.04941 40110 .03289 2.400 3.639 

0*3 	*091 .2576 0#4190 .002740 .09340 .0+285 .08490 1.842 3.790 

0.3 700 .194 .290ö 0.6600 .Q 	► .130830 .071 AM. I#= 4.070 

0.8920460 *3260 0.9310 .023600 .173600 .0720 .i380 19039 4*180 

1.2 	.191 +3570 0#1162 .017700 .20700 #0960 .29200 0#870 4.350 

1,6300 .228 .2920 1*4090 .031100 .257100 41305 .37944 0.735 4.310 

2.07 #263 .4290 1.8770 .043900 .206900 4700 .50200 0432 4420 

2.3750 .295 14610 1..7804 9041800 .342900 .201.0 .59100 0.563 4.020 



Model Scale - 2I40 	L 33 3 ft 	Shingle used *. 1/2" (Approx)  

Q 	H H? v q1Aha*V2/2g 	110W2 LHa 2  P/h ,. 
Ousm feet 

0.1196 .050 ..1,8 4.2285 .000816 .050816 .0114 .0302 2.5004 3.510 

0.3220 . 	.213 0.5(110 .0040 	.092920 .0280 .08350 1.4210 3.088  

0*6700 .1 .s 0.7730 .0o9 O© .132300 .0483 e14370 1.0160 3.944 

0.0920 .I# .282 1,0660 .011780 .174780 ,?30  :.216800,7968 4.115 

1.2250 0 	..313 1..3230 .021 	.215350, .1400 «29600 0.6650 4*136 

1.6800 9M .318 1.8970 *089900 .25 	.1328 .39100 0,5810 4,18 

2.0700 .250 .37,E 1.8100 .054' ' 	.304100 .1675 .9280 0.5000 4.210 

2,4 	.276 .401 2*0500 .068700 # 41700 .1 	.88700 044530 4,120 



Mode Seals. 1/10 	L 3 tt 	Shingle used . 1"(App x) 

au loos feet 	 LHO__2 

0.1196 .084 *8 0.07 	.0008170 .0540817 *0170 .03800 9*266 3.142. 

0.3220 *093 *693 04820 .0005180 .0935180 +02870 .08555 8.375 3.60 

0.5700 .134 .634 0.3020 .1840 3.735 3.840  

0.8920 .174 .674 0.44Th * 	.17 	*01465 .22130 2.870 4.030  

1#2250 .211 .711 0*6836 .0053200 2182 #10100 .29823 2.370 4*110 

1.6 4241 .147 0.73 #0085 .255800O .12 .37980 2.037 4.290  

2.0700 #283 .783 0#899 •012820(. #206200 .170 .47300 1*707 46370 

2.4700 .312 *.812 1.0370 .01 	0 ..18850 .55350 1»603 4*470 



'em-del scale . 3/15 	1. a 3 ft. 	Shingle used 1"(Approx) 

-r 	-- 	1i*-  -u*i :-* iiE• * $I_. tr rN—i *riiJU.1 iL 	uL..* 	ll*Id*$*.U.4. .u.M 

H 	if +p voJi hV2/2g RllFha HOa'2 	02/2 P/h 
JA in  

cu seas test 
Th,.,.._ø- itr-  r 	.JJ_.flTurJTTtff 	 11_ 1*1 	r.- IT*!.mrmtLl - rrwtLr j& nrw- f 

0,1196 *063 .33 0.1045 .0001708 *0531706 .0122 .03525 6.8 '3.390 

0.5700 .133 .463 0,3998 .0019990 .139990 .0497 .14300 2.5 	3.990 

1.2250 .207 ,5 0.7705 .0092900 4162900 .1070 031620 1.610 3.170 

1.6200 .22 .572 04650 .0145300 .2868300 .1300 •.38400 1.77 4.240 

2O00 .277 .607 191570 .0209000 .2079000 .1625 .47700 1.203 4.330 



is 	9 HIP  'E4/` 	V2/2g a to R0 I'2  Lflo31  p/ 
secs t$t 	 LHo3/2 

0.1196 0.051 .301 0.1324  ,000 4 .061274 .0116 .0346? 4910 3.446 
ti 

0.3220 Ora .340 0.3265 .001621 #09160 .0277 *08260 2.798 3.890 

0.5700 0.128 .378 0.5060 .004018 9132160 .043.1 914600 1.952 3.932 

0.8920 0#164 *414 0.7260 .008260 .173260 .0718 .21320 1,523 4.180 

1.2280 0*199 .449 0.9215 .010 	#209 	.095 .28280 14257 4.330 

1.6200 0.235 .495 1•.1O .020200 ,255 	AW *28120 1.063 4.270 

2.0700 09966 #616 1.3570 .0 ?5O .294750 .1602 ..47300 0.940. 4.370 

2.4900 0.298 .648 1.5410 .037 	.3150 *1938 ,5'7000 0,839 4A3 



Model Scale 1/30 	IL = 3 ft 	Shingle used -* 1"(Apprax) 

H H4P VtQ/A V2/2g How 	H03/2  LHO 	P/h 	+ ` 
in in 

cosecs feet 	 Lft 

0.1198 .050 .16 0.1351 .000535 *0606 	.0113 .03318 3.320 3.540  

0.3220 .089 .255 0.4230 .00 	.091800 .0278 .08290 1.865 3.932 

0.5700 .124 «290 0.6620 .006850 .130850 .0473 .10070 1.3'' 4.050 

0.9920 .162 ..3 0.9170 .013 *17515 .0732 «21720 1.025 4.115 

1.2250 01,0 020"'.i. i :0 .0207 	.22.3700 .0987 *29950 0.860 4.190 

1.6 .225 .391 1.4115 .03150 .256.1'300 .32400 0.7 4.2 

2.0700 .256 .422 1.6610 .4410 .299200 .1 ► .48350 0.648 4.280 

2.3000 .274 .440 1#7730 .049 	.18 	.54150 0.605 4.250  



Model Seal* - 1/40 	I. a 3 ft 	Shgle used - In (Approz) 

If n.y V=44 ha*1T2/29 ao*n.ha 08/2  1&ROW 2  P/b  

cusses test 	 Ll Oa'ä 
* 	 - T-r--..* 	_-I  

0.1196 062 .1?? 0.2200 .000798 6052798 *0122 .0365 2.405 3.278 

0#3220487 .212 0.5090 .004050 *091000 .2074 *0810 1.43? 3.937 

0,5700 *122 .247 0.7760 .009420 .131420 .0476 4415 1.020 4.030 

0.8920 #169 .284 1.0600 .017500 .176500 .88 ..20 0.786 3#720 

1,2250 ao .315 1.3180 .026900 .216900 .1012 .8000 0.658 4.070 

1.63)0 .222 6347 1,5900 .039800 .261600 .1338 *3960 04564 4430 

2.0700 *58 .383 1.8315 .052500 .310500 ,1733 #6120 0#484 4.045 

- 	 *.T11 .1 J1T-1$ -W 	1tfl 

2.3000 .?7 .402 1.9420 .059000 ,336000 4947 ,5725 0.451 4#020 



hU 1.5 ft. 

Scale C from 	 U 	w q curve for 
	

Remarks 

-. 

1/10 	3.550 0,2070 0.1852 .x 10 	5,0?0 	Reynolds number 
for prototype 

1/15 	3.43) 0.1088 040973 x 10 	. 3.06, 	U7M X 10
6 
 

1/20 	3.83) . 0.0670 0.0600 z 10 	. 2.31,9., 	Webers number  for prototype 
a 

1/30 . 34% 0.0358 O,O5 z 10' . 1.673 

1/40 	2.908 0.02101 0#01883, x 10 	. 1,448 



f* 026 
	

P/fit a 333 

Bads C as reed 23alnoids  Wsbsr 	Rea*8. 
from curve number 	Number 

1/10 	3.60 	* 104 	5.19 	Beyno1do number fir prot 
type w 7.44 z 1Q 

1/16 3.52 1.#08%10 	
t 3#6 ' 	' ebers number for prototype 

X164 

1/20 3.40 698014.11110 We 

2008 330 2 103 1.5 

1/40 2.12 1,14 x 103  0.96 



TABLE Imo. 
P/h a 3.33 

s ' 	 ads 5 	B x iO 	1as read 
f  

1/10 	.77800 90.220 .0415 3.7 	.02860 5.310 1.06' 80 
1/15 .40040 60# 	.0420 3.630 #02880 3.340 1.0704316 

1/20 .25600 46.]2) .0520 3.400 .02880 2.562 1,0873148  
1/30 .13608 30.120 .0620 3.295 .02880 1.615 1.1018872 

1/40 .08668 22.560 .0700 3.310 .0380 1.185 1.1157758  
1/10 .81400 71.240 .0450 3.912 #03645 6.660 1,025194 

1/15 .56280 47.660 #0600 3.650 .03645 3.480 1.0856200  
1/20. .26480 35.640 .0660 3.490 #03M 2.580 1#0065072 

1/30 .13160 23.800 .0700 3.420 .03845 1.630 1#111790 
,.4 

1/40 .06520 17.840.0800 3.200 .03845 1.165 1.1264910 
1/10 	.01800 	22.660  . 00 3.920 #11470 6410 1.11 '`780 
1/16 	.43600 	15.120 .0920 8.843 #11470 3,660 1.1365000 
1/80 .28600 11.E .1300 3.770 .11470 2.160 1. 61170 
1/20 	.14200 	7.660 .1760 3.640 #11470 1#680 1.1816790 
1/40 	.08780 	5.668.2000 3.380 .1170 1.1 	1.2321700 
1/10 .77800 346.400 .0260 3.730 .00750 0.310 1.0429688  
1/16 	.41192 230*800 .0300 3„630 .00750 3.460 1.4604510 
1/20 .26400 173.600 .0 320 3. •C0750 26660 1.066666 
1/30 	.12480 1119*680 .0360 3.112 .00760 1.486 1.0630638 
1/40 	.36600 68.680 .Q450 2.9 .00750 1.050 1.07 



Y 

Tb. following symbols have been used in this dissertations.. 

C4 - Duiension&i&Coetfoieit Of Discharge. 

C • Coefficient of Diec , e with Dimensions of j+g • 
Roug 	es Proj ectiorn. 

3 * Head over the crest excluding Velocity Road. 
R - Reynolds number • 

V - Webers number 

Q • Discharge through the Spf .lv 	. 
Ho . - Total lead over Spilling Crest. 
9 • Acceleration due to Gravity. 
P . Height of Spillvay above the bed of channel. 

f 4- Door'' 6 coefficient. 
V • Velocity of Approach. 

• Tbicicness of Boundary Layer. 
• Mass d 	eity of L 	Ud. 

/A • Dyneiiic Viscosity.  
• anemauc Visco it . 
• Surface tension. 

ha - Velocity header 
14 • fagosit7 coefficient, 
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