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SUMMARY

Coefficient of discharge of weiis and spilllways is to be
known before head in order to prepare gtage discharge curves,
regulation charts and correct fixgtion 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 spilluay
satisfying the Froudian lgw and to obgerve the coefficient of
discharge on the model.

It was observed at I.R.I.Roorkee (U.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
coofficient of discharge decreases with the increasing R.F. of the
scale 1,e. smaller models will have lesser values of the coefficient
of discharge. It 1s therefore difficultrto predict correct values o
the coefficient of discharge on the basis of model ohservations. Th
usual method followed in the Engineering practiée is that the
designers adopt suitable value of the coefficient for the geometri-
cal and operational condition of the spillway from standard curves
such asg U.B.B.gzatx;gosqd to verify the coefficlent of_discharge
- 80 datermined on a model. Suitable safer value is adopted for
the prototype and its regulation charts etc. are prepared.

It hag so far not been possible to determine the discharge
function analytically, and as such the extent of scale effect is
not known, On‘the basis of Known_pgrameters'eptering'the discharge
eduation, a dimensional analysig has been performed to find out
the dimensionsless ratios affecting the coefficimt of discharge.
The dimensional ratlos are Reynolds number, Webers number, K/h or

' £v (roughness parameter), P/h {geometrical parameter).
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Experimentations have been condicted to evolve relationship
betwgen P/h and C in a flume for the adopted spillway profile. The
sharp crested weir on the upstream of the flume was calibrated by
meang of a,ratingltank of 20'x20'x3', Five model scales of 1/10,
1/15, 1/20, 1/30 and 1/40 have been chosen for study and with
each scale experimentation was done fdr effective roughness
¢ = .1147, .03645, .0288, ,0075 feet .’

The data obtained was analysed in such a fashion go that
all the dimensiondless ratios were attempted to be equated in all
the eases. To start with the design head has been taken up for
study in which case P/h = 3.33, So values of C for this walue of
P/h have been read, and next for every scale the value of %/h or
"' has been plotted against C. In case of prototype N (rugusity
coefficient) has been assamed to be eqﬁél to .02, and so XK/h =,0364.
Tms the values of 'C' for each scale for this value of K/h has
been determined. Next for these values of C with egal K/h or *'f¢
and P/h, the values of Beynolds number andﬂwebers\numher have been
determined, and plots have been prepared between C and Reynolds
number and ¢ V/s Webers number. These plots have been tried on
log-log paper as vell in which case almogt a straight line has been
obtained., The values of C for the values of Reynolds number and
Webers number as on prototype have been determined. It has been
felt that it is not possible to isclate the effects of Reynolds
number and Webers number as the axporiméntation has been done with
vater, |

On the basis of agbove 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 sige of the model.
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2. Reynolds mamber and coefficlent of discharge are
related ﬁith a powver law. |

3. Webers number and coefficlent of digcharge are also

related with a power laws
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CHAPTER 1
INTRODUCTION
1,1 HIGTORICAL BACKGROUWD

Coofficicnt of discharpge for gpillways ond woirs for
difforeat heads and operating conditicas is to bo knova boforo hand,
in ordor to proparo tho resulation charts end tho stage discharge
curves. llecessity of a correct regulation cbart and ptago discharge
curve hardly necds any ovoromphasis., Afflux 6n ve;rs end barragoes also
ean not bo determined unless the coefficient of discharge is known, On
the corrsgetnegs of the value of coefficlent of discharge depends the
submorgence to be expeéted on the upstream of structures. However, tho
coefficient of dischargo can only be determined on small workable
models in the laboratory from which the oxpocted value of the dischargoe
coefficient (Cq) for the prototype under different conditions of |
operations con be prodictad. This value of coofficient of discharge as
determined from the modeols is vari important during the planning and
dosign stages, later the operation of the structure also will bs govorns
ed by thosc values, as the actual values of the coefficlients of dlige
chargo cennot possibly bo determincd.

Experinents wero condacted at Central Water & Powor Rosearch
Station, Pocna on the Effaét of Scale in the values of coefficient of
discharge over 0goc shapod spillways, Thoir report appeored in tho
Annual Report of 1939 of tho Ingtituto, and their findings find montion
in the follovwing pogos at relevant place. At Irrigation Research
Institute,Roorkoo (U.P.) too difforont velues of cooffiociont of dise
chargo wero obtalnod vhen the model of Ramgenga barrage and spillway
voro constructod to difforent scales end the present invostigation of

tho peale offect on the coefficicnt of dischargo ovor woirs and spill
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vays, has bdeen inspired by those observationg which ths author had tho
privilege of being associated with. It is therefore difficult to pre-
dict the exact value of coefficiont of discharge for prototype spill-.
vays, on the basis of model experimentation, since the values deter-
mined involve some scale offeck.

1.2 COMPLEXITY IN CORRECT DETBRMINATION OF COEFFICIENT OF DISCHARGE

It 13 not easy to ostimate the oxtent of scale effoet and

to prodict ¢ho prototype valus of the coefficicnt of d&scﬁarga fyon
tho oxporimental obgorvationg. In order to analyse the problem
criticelly one has to bear in mind thet it ig the goometry, kinematics,
and fluid propertics of the flov that influence the value of the
coefficient of discharge. In the case of.models, only the geometry
of flow is made proporticnal while the other two are not eontrolled,
 hence the varietions in the values of the coefficieat of discharge. It
ig not possidle to gguate the kinematic conditions proportionately and
elso thore can be no control over the fluld propertics as the experie
nonts are conduoted with water. It is mainly for these reasons that o
valuo indapendﬂnt of scalo offect can not be datermined by porforming
o oingle sorles of exporimentation with a particular segle model with
o comon fluid. |

1,3 PROBLE1

An attempt has boen made ¢o study the "Effeet 6f Scale On

Coefficient Of Dipchargo Of teirs And Spillways” in this digsortation,
Tho study aims st invogtigating tho offoct of model scale on the
coofficient of dischargo of spilluays.  In case tho offeet of sealo is
ostablishod, it 15 aimed o ovolvo mothods go as %o estimgte the value
of tho coofficient of discharge over the prototype structuro so that
corroet operation charts end gauge discharge curves could be workod
out for 18,



1,4 LIMITATIONS
Following limitations were impoged on the study reported here:

(1) 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 spillvay, the
model profile does not sctually correspond to that given by the original
eduation of spillway. The profile though corresponds to U.S.B.R profile
for the proportional design head, tut yet not the same profile. | go it
vag felt that_ testmg a}geome_trical!jv similazf modgl amop,nts to testing a
new U.S.B.R. profile each time. Thus in each case the model studies
include the shape effec’c of the spillway. o y
| (11) Roughness: - Naturel materials were chosen for providing
roughness. It was not\"pqssible f;p_prov;dg rqqghness la;fger than 1"
shingle on the crest because it wou}d have changed the profile, parti-
cularly so in the lower scale models. Moreover the cohcentratiog and
‘shgpe of roughening particles determine the value of 'K' and 1t was not
possible t'o' find the correct value of K. It was therefore decided to
providg_same shape and concentrati_cm of roughening particles in each '
study and to en_lploy vs‘trickler;s_ fqmlg for dete_rm_ining the value of K.

- {111) Discharge:- Limited supply of discharge in the flume did met
~permit obsewations for 1ower P‘/h ratios that is for larger heads. The
head over the plllway was kept between 1/2" and 6".

(1v) Fluid:= It was further not possible to 1solato the effects
of Reynolds number and Weber's number, since the experiments were done
each time with the same fluid water. Meny chemlcals were tried vhich
could change the surface tension of water and yet not affect the vis-
cosity of water, however no faV_curable results were obtained. In these

studies therefore the combined effect of the two was considered together,
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CHAPTER 1II
REVIEBEYW OF LITERATURE

2.1 INTRODUCTION

In ofder to enalyse the effoct of sealé, general work on the
coofficicnt of diochargo has been studied so as to pin point the causds
of discropancy botween prototype and model values of éo‘efﬂciant of dip-
charges As a matter of fact the sharp corested welr ig the simplest
form of a spillvay. Therefore in order to study the coefficient of
discharge over the spillvay 4t has boen thought worth vhile to reviev
the work done on the study of the coefficient of discharge for sharp
crested weirs; thercafter the standard work published on the spillways
has been reviewed. Very little work has been done on the scale effecztg
except that it has boen experienced and gome causes attriluted to it.
A brief mention of such a work is given in the following pages. No
studies are g0 far available which could predict the coefficient of
discharge for prototype baged on model obsorvationg., Standard curves
as propoged by U.8.B,R do not mention the arrgngements for which
these cu®vos aro to be applied, and that is why they have a very
linitod uno end utility,

2.2 Corl E. Kindewater and ¥W. Carter(l) studied the aieuharg;
characteristics of rectangular, thin plate woirs. Their polution ig
baged on a simple equation discharge @ = cthd2 end oxperimentally
dorivod coofficlients which account for the influence of the fluid
propertios and the phypical charactariat;e’a of the weir and tho weir
chzanel, Tho offocts of viscosity and surfaco tension aro related to
a docrenpe in tho offective head end en increase or decrease in tho
effective notch wvidth. Thus, the combined effoots of the £luid pro-
porties aro gceounted for with adjustment coefficients which aro

opplied to moagured values of the heoad ond width, Congoquently, tho
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coofficicnt of dischargo is defined as a function of goometric ratios
t-:hich describe the weir and the welr channel. |

Howovery the suthors concludeﬂ that the flow pattern for
roctangular, thin plate veirs is not subject to completo mathomaticel
analysis. Congequently, an analyticai golution for the discharge
charactoristics has not been developed: They have just provided a
somprohensive solution based on dimensional enalysis and experiments.
Weir discharge 'is signiflcantly influenced by the physical characterise
tics of the weir and the weir channel. It is speclally dependecnt om
foatures which control the velocity digtritution in the approach
channols | For this Tegson the rosults of experiments mede by different
invegtigators do not agree, and formilae based on a particular zet of
data reflact the individual characteristics of those data.

2,3 According to a well known weir formila of nehbock(m tho
coefficient of dlscharge 1s given gpproximately by € =3.27 + 0,40 H/h,
where *h' igs the height or»wair, Bouse and P.K.Kmdawamy(a) investi-
gated the probleom and concluded that the existing weir forrula loses |
1ts significanco as the ratio'o!j' head to height of weir hecomaé great.
It 15 known that tho rate of flow over a gill at the end of a channol
can be estimated from the basic welr equation by assuming the velocity
of approach to have its criticel magnitude. This gives riss to a
digcharge function for sills which meets that for weirs in a sharp
poalt vhea tho hoad is about 10 timos tho weir height. Tor H/h groater
then about 16 the welr becomes a sill. The critical depth of tho
scetions 10 approximately equal to (H-h). By tho eritical depth dige
chargo rclationghip, 4t con bo shown ¢hat the coofficiont 4n.C ia
C o 5,68 (1 Wh)l‘s. The trensition betwech weir and 5ill (between
H/h 2 10 and 16) hovever has not yet becn cloarly defined.

2.4 According to vmure-cm‘4) the effoet of approach velocity ig
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negligible when the height 'h' of tho spillvay 4s greator then
1.33 HE whero 'Hd' 13 the dosign hoad oxeluding the approach velocity
hoad. Under thls condition and with the design head; the coofficient
of discharge C has been found to bo C4 = 4,03,

In low spillvweys with h/Hd < 1.83, the approach ¢ velocity
vill havo appreciablo effeet upon the discharge or the discharge
cocfficient and congequently upon the nappe profile. For spilluays
having sloping upstream face, the value of C can be corrected appromie
nately for tho effect of the upstream face by multiplying C by a
correction factor. ﬁradleycs) had however da&alopad hig curve for
finding out the coefficient of diacharge at any head bnsed on tho
emptrical relation C = 3.97 (Ho/Hp)°*12, vhore e is an operating
hoad and Hp 1s the design head, including the approach velocity head
for a standard profile having a vertical upstroam face.

2.5 sxnee'tha physica1 properties of flow are not identicsl in
the models huiit to difforeont szcales the'valuea of the coefficients
of discharge dnanbt agroc even though the geometrical ratios influenc-
ing tho flow are the samo in all cagses. This fact wns obgerved at
U.P.Irrigation Research Institute,Roorkes while gtudying the coefficient
of disnhérgo for Remganga barrage. The model of Ramganga barrage near
village Harcoll was conairucted.to o 8c¢gle of 1/40 in g flume in July
1237 representing only 2 bays out of a total of 17 bays carrying o
dischargo of 2,14,000 ¢fs (ono full bay énd‘nn othor half on oither
61do) oach ono of 59 ft. the coefficlent of discharge was observed as
- 8,12, this podol was again constructod to a scale of 1/30 and the
copfficicnt of discharge was obsoxrved as 3.28. This lod to the con-
clugion that gome scale effect ig inherent in the observaticns mado
for the coofficicnt of discharge.

similar offect of geale was obgervod at Central Water & Power

(8)

Rescarch 8tation,Poonn in the coofficient of discharge observations
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on geometrically similar modols, when the problem of Vaste Weir at
Lako Arthur Hill vas under study in 1839, The goometrically similap
wodel of the voir vas conotmatod to the geples of L/7.6 , 1/6 4, 1/4.5
& 1/4 and each time the aoafficient of Discharge V/g 'D' (head over
veir) curve was plotted. Their eonclusive evidence wag that with tho
increaging R.F of model scale the coefficient of dischurgo decreases.
However the reagons attriluted ﬁo these variations wero separation
and pido wgll offect. It was felt by the investigators at Poona that
due to the side drag offect the coefficient of dischargo was affected
to tho oxtent of 4%, So the prototype coefficient of discharge ves
obtained by extrapolation and increased by 4%. Ho studies on scale
offect followed these.

2.8 The general practice folloved so far is to adopt eaeﬁeici‘ent
of discharge for prototype cn the bagls of standard U.8.B.R curves
and then to verify that coefficient on model btuilt to s convenient
scalo. Realising Uhat the coefficient as obtained on the model is
subject to certain limitation a safer value for the prototype is
reeommonded., It has boen found in mény cages that U.8.B.R curves
dopart conpiderably from that obtalned in the model specially so
under the submerged conditions. 6o the entire stendard of coofficlent

of discharge curve noeds o thorough reviev.
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CHAPTER III
THEORETICAL ANALYSIS

3.1 m'EEODUCTIOK.

It is intcndod to dovolop the dischargo oquation from tho
firat princ-iplc g0 that thb various paramotors affocting the problom |
could bo studicd in thelr correct perspestive. It is the coofficient
of dischargo oppearing in the discharge equation which noeds a compro-
_hengivo esalysis, thorefore by dimensional enalysis various dimensione
legs ratios affocting tho value'of coefficient of dissharge s\hall bo
ovolvod, ond their offects studied on the basis of experimental data.

3.2 Dorivatim of discharge formula: |

7 . ] ]

4

1) H

1

K B —}

Considering a spillvay of width B, operating under a head H,
assume the discharge passing through a thin slit of thicknoss * h' at
a depth *h' from free surface, and of full length B. Thoorotical
volocity through the slit # = _/2gh |

o, Theorotical dlscharge through the slit = /Zgh x Bz § h
~ Total thooreticgl discharge through the spillvay

R+ Ve/s
Q = jv”‘/ : 2};{.5% vhore \; 1s tho approach volocity,
%2

s 2 32 Y
- ' 2 - 07, z ,
=5 ﬁé’ 3 [<H+v/2?) "(V/Z;)J ,
But 4f tho coofficicnt of dischargo is teken as Cd. then actua.:n). dig-
‘ 2 g 2 I
chargo through tho spillvay Q= %@ B.G. [(H+"°/22) — U‘/ZJU

for idenl fluids the coefficient of dischargo s a functien (P/h ,%/B)
vhero P is the hoight of splllway, 'h' 1g tho oporating head gnd 'b! is
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the width of tho approach channel vhile B is the width of the spill-
vay. But in calculating tho veloeity of approach priersknowledge of
the coofficient of discharge is required. Hence it 19.;onvcnient to
l1gnoro the veloecity of approach and modify the value of C4 such that

s Q mcd /3 _f3gh.ah
Here Cd = £ (p/h, WB and other fluld propertiecs detormining the
veiooity of epproach) where P is the hoight of the weir, *h' is the
operating head; 'b' 1s the width of the gpproach channel and B is
the vidth of the wveir.
3.3 DIMEISIONAL ATALYSIS

Tho geometry of the flow pattern in the caso of weirs and
opillvays 14 described by the vwidth of the weir, 'b', the width of
the approach channel, B, tho height of tho weir crest above the
bottom of the chennel, Py and the plezometric head 'h' referred to
tho lovel of the crest and measured in the uniform flow section
upstroam from the weir. The fluid properties involved are the
specifiec weight,y, the density 'p * the viscosity, 4, and the sur-
face tenslony~, and X tho roughness projection which controls the
maen approach veloeity. Only one independent flov charactoristic is
involvod, end it can be represented by either the discharge, ¢, or
the hoad. Howevor, bacause 'h' iz already involved as an independent
goonictric variable; § is convenicatly selooted as the dependent
variable, Thus a complotc statement of the discharge function will
includo voth *h' ond as ia :

Q= fl(b,B,h,P,Ka/a_, P o 72 essses (1)

From equation {1), non-dimensional ratios which doscridbe tho

digcharge function can bo formod as

q
BE-}—-?E.. -3 fg (b/B, b/h’ ?/h, K/h’ R, ) soooee (3)
0z K/h could bo roplaced dy *f' (Darcy's coefficient) in Bg. 2.
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in uvhich g = z% y thoe accoleoration due to gravity. The dependont
ratio in Eq.{2) is a coefficient of discharge. The first threo
indopcndent ratios degeribe the geometry of the flow ﬁunndarias, and
the last two ratios represent the Reynolds and Webers number, vhich
can be expressed as R = _/Efuﬁ‘h . and W = “/ﬁg‘h
In enginocering practice in U,5.4 the accelaration due to gravity
13 commonly 4ncluded in the definition of the coefficient of dise
chargo. Thus for practical purposes, a convenlent definition of
tho cosfficient, C, ip

C= " &= ra (WB, b/h, P/h, R, H, K/horf) ... (3)
bh '
fm ﬁhiﬁh Q = cbhslz s (43
The dimensions of € in Bqs. (3) and (4) are the dimensions
of /8 . Becauge of its obvicus simplicity and despito its lack of

purity, Bq. (4) is used as the basic discharge Eg. herein.

The discharge function represented by Eq. (3) cannot be
evalnated by pgnalytical procedures. Accordingly, tho relative
influence of ocach of tho independent ratio mist be evaluatod by
experimentation.

3.4 SIGNIFICANCE OF THE GEOMETRIC RATIOS IN BQ. (3). ‘

Tho ratio /B signifies the extent of contraction of the
chonnel. Bat in the present casc as the width of the velr ig the
soBo as tho width of tho epproach channel. This ratio 1s insigni-
ficant.

The (W/h) ratio is a measure of the shaﬁa of the discharge
liquid stream in the plene of tho welr. Tho influence of thig ratio
is bolievod to be negligiblo over the full practical range of the
other variables. Tho faot that most of the published results of
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regoarch on full width weirs ignoro the (b/h) ratio indicates that
its influcnco was not evident from the exporimental data.

Tho P/h ratio is o measure of the depth concentpation
charactoristic of the weir. 1t is compleomentary to bﬁB ag contrac-
tion ratio. Bocause velocities in the gpproach channel are propor-
tional o tho hend, the (P/h) ratio is also a monsure of the rolativo
nagnitude of tho velocity in the apbmaeh channol. 8ince on this
ratio dopends the voloeity of appropch channol, 1t serves to signify
the Proudo No, of flov. Thus (P/h) ratio is more than morely a
goomotric parameter in the discharge funetion. Its variation will
chango the coefficient of discharge significantly. Hence (P/h) ratio
hag boen chogen as an independent ratlo to describé the changes in
coofficient of dischgrge. |

The KX/h ratio of 'f' ig s moasure of relative proughnegs of the
cregt and the approsch channel. I1h the gpproach chgnnel it is thoe
main paramoter in combination with the Reynolds number to dotermine
the veloelty distridbution, hence the coefficient of h:.inetic enargy
distributim, ' A ' will change the effective velocity head and
hence also the total head. The veloeity distribxt:lon ie giiren ty
(v=5.76 ve logy, __%Z_)., Similarly in ths crest tho values of
K/h, dotermine the profile of the boundery layer, which is given by
tho Bour's Eq. <7). |

5/L = 0.08 (W/K)"0*233 for g gpillvay, in vhich 5, is the
thicknegss of the boundary layor at a distance L, from the crest, and
K ig tho roughnosgs at tho crest so the velocity distribution at the
crost is dotermined dy the roughness paramoter. Difforent values
of the roughness pargmotor will load to difforent valuwos of 'X ' in
the approach chennel as voll as the crest, hence difforent values of
coofficient of dischargos
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3.6 Significance of R& ¥ - Influence of Roynolds number and

Yobors number cannot be precisely estimated. 1t 1s, hovever, known
that tho relative influenco of the two fluid propertiss inereases
ag tho hoad 08 the weir and tho size of tho wolr decresses,

The Reynolds number is a measurc of the relative influence
of “vigeosity. It is usually exprossod as Re= VI/) , in vhich V is
a ty_pa‘aal velocity, L is a conveniontly cvaluptod ond phyoically
significent longthy and ' ' ig the kinomstic vigcosity of the fluid.
For largc, full width wedrs, the most significant length is the
neaa; For small narrow weirs, however, tho width of tho woirs, as
voll as the head, arc independently sigm_fﬂ.aant. Becaugo volocitieg
in tho vieinity of tho wolr crest aro proportional to tho sguare root
of the head, _/h can bo substitutea for ¥, whenve _/Zgh.}/) signifies
Roynolds number. Thus, for a given fluid, the totsl influence of
viscosity on a given woir can be oxprossed in teorms of h or b alono.

The Weber numbor is & measurc of the relative influence of
surfaco tonsion. It ic umally oxprogsed as We V /T in which

. 77

the surfaco tonsion, ¢ , ond the density, /o s are nosgstially constent
for a given liquid. Because 'V' is proportional %o _/h ond because
'h' or 'b' or both can be significant lengths, L, the rotio /2g h_
vill hove the significanco of the Vobers number. J%

Tmse the offects of both viscosity snd surface tonsion for
a given wolr ond liquid aro rolatod to the absoluto magnitudps of *h!
and ', consoquontly $¢ s dmpossiblo to distinguish tho scparato
offocts of tho two fluld properties from oxperiments with a singlo
1iquid. | -

Bocauso tho Roynolds number for any flow pattorn i3 invergely
proportional to o typiesl viscous ghear force the relative influence
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of vigscosity docroases as R inorcasses. Similarly, becauss the
Yobers nunbor is invorscly proporticnal to a typical surface tone
sion foreco, the rolative influonce of surface tension decreapos as
Vobers numbor incroasos. It follows from the foregoing definitions
of R ond ¥ in torms of 'h' and 'b' that, the relative influenco
of the combinod fluid propertiecs diminish as oithor th' or ',
bocomes largers Thus, for large heads, on largo woirs, tho
influenco of viscosity and surfaco tension is negligidle, Thig
conclugion is substantiatod, for excmple by tho obsorvation that
cocfficiont for large welrs is egsentially constent, for all heads
above a certain minimun, That is, C 1s independent of the fluid
property, parameters for large values of 'h' and *b*, Henoo the
distinetion between "Omwall® and "Large" tust be basod on systematic
oxporimentel invostigations of the independent rélationsh&ps betvoen
C end hy

The offects of viscosity and surfaco tension een not bo |
deserlibed by omact physical equations, Nevertheless, any procedurc
vhoreby those effocts are clirdnated from the discharge functicn
muat bo based on & general understanding of tho manner in uhich the
£luid propcrtios fnflucneo tho flov pattern,

3,6 THE INFLOENCE OF VISCOSITY,

4 flov pattorn which is doterminod by boundary conditions
nloap ip doseribod as o potentiol motion pattom. The influonce of
viscosity in o ronl fluid motion can be illnstratod by comparision
vith 4to potontinl motion countorport.

Tho prineipol offects of viscosity on weir flow are thogo
vhich are asgociated uaén flov pattern modifications coupod by
boundary resistance ond gseparation, This ag comparod with its

potcential motion countorpart, tho vortical (rajoctory of the nappo
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is lover. Viscous shear caugses the flow to be retarded in the
vioinity of tho boundariess This condition- can bo describe with
‘Tospect to the potential motion by means of the discharge displace-
ment, boundary layer thickness.

The influence of viscosity has been gssoclated w.th the
occurrence of doundary layor and separavion gones. It gshould be
emphasized, hovever, that the thickness of the boundary layer and
the size of the separation zonesg arc not directly proportional to
tho magnitude of the head or theSize of the woir. Por this reason,
the effeats of viscogity are often described as scale effect. This
is consistent with the previous conclusion that the relative effects
of vigscosity diminish as the size of the welr and the head on the
welir incyesnse, |

3:7 THE INFLUENCE OF SURFACE TE{SION.

surfgce tanglon is seen to hgve two fold effacts firstly it
makeg e&e nappo ﬁo cling to the top edge of the erests Tiug cone
pared with its potential motion counterpart, a real fluid is charace
terised by a longer trajectory., The effect of the occurrence is
similar to the effect of the rounding tho upstream edge. Therefore,
tho offoct on the dlscharge, 1s the same as an increase in head.

Secondly the surface tension cauges a resultant force 'F!
acting in the dlrection of the centro of cuyvature of the happe.
Furthor-more, becguse the resultant surface tension force has a
doninpnt dounwuard component it has the same effect on the dlscharge
as an increaso in head. It ghould be cmphasized, however, that the
relative influence of surface tension diminighos as the si;a of tho

welr and tho head decroases.

SUMMABZR |
It follovs from the foregoing discussions that the relative
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influence of fluid properties diminishes as the absolute value of

;h! becomes larger so it cgn be interpreted that coefficient of
discharge 1s independent of fluid properties in prototype, while the
fluid properties significantly affect its Valué in the models the
extent of effect depends upon the scale to which the models has been
constructed, Hence different values of the coefficiént; of discharge
are obtained when the model is constructed to different scales, and

the varlance is gttributed as the scale effect.
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~ CHAPTER FOUR

EXCLEBRIYBNZAL EROQCERUBRE



CHAPTER 1V
BXPERIUWUEHNTAL PROCEDOURE

4.1 INTRODJCTION
Tho problom painly involves flow in two directions, henco
the omorincntation was done in a glass wollod flume. The discharge
noasuring gharp crostod welr was calibratod meatiu of g calibration
tonk tuilt at the downotream of the flumo. Tho entiro oxporimental
sot-up has boen shown in Figuro no.ll and deseribod in the followinpg

porass

4.2 ARRAIGEMENT

Exporinontation work was careiced out in e flumo 3 ft. wide,
20 ft. long and 2,3 ft high. As the problem involves only 2 dimen=-
sional flov studiop,; the side walls of the flumo were renderod
hydrodynamically smooth by providing glass plates. A sharp craested
volr was provided upstream of the flume for the measuroment of ﬂw?
Hovever, as the discharge coofficient of the sharp crested weir veries
with hopd, the weir was calibrated hy sctual volumetric measurcments
of flov. For calibration of flow calibration €onls 20'x20'x3' was
conglructod dovnstrean of the flumo. Tms volune of water collected
in a definito ¢%imo for a certain head over tho sharp crest was obsorved,
and a calibration curve betwoen Q and H over the shoap crost was pro-
parod. Sincec § and H gro related by a power lou, this curvo wns also
drpen to log~log oealo in vhich caso a perfoet straight linc uns obtpin.
o4 proving that tho calibration cuzve is corrcot. Zhis celibrated curve
vas uged for subsoquent flov measurcments. Tho exporimental flume was
providod vith a gouge pit 12 foct from the gpilluvay cres?: in vhich |
undisturded ond wnaffoctod vater lcvels could bBo measupeds. Tho flume
vag providod vith a moving trolly for obsgerving the wator surfacc profilo.
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4.3 PROTOTYPE SPILLMAY

For constructing tho model a prototype with P = 60", H = 18",
H, (volocity head) = 2" wao assumed and the equaticn of the corres-
ponding spillvay profile was detormined with the help of U.8.B.R
curves providod in "Design of Smell Dams® (Chapter on Spilluays) (8)¢

Tho oquation of the spillway works out to -

/20 = 0.51 (%/20)1+833 oens (B)

¥ and X co-ordinctes for this spillvay profilc were determined,

Cowordinatos for a particulap seale havo been worked cut
by dividing respective co-ordinates vith the scale ratio. Thus
geomotrically similar models to scalos of 1/40, 1/30, 1/20, /15
and 1/10 vere built. Vith each 4 different roughess wero provided
in the approach channel and the crost. For providing roughnesscs
shinglog of 1%, 1/2", 1/4® and coment plaster were used, In ox?der
to assess the correct valuo of K (roughness projections) Sievo
analysis of the roughening material was got done, 8o that dge in
cach case was token as ka s tho eoffective roughness. The roughnesses
of the roughening metorials thus work out to 00,1147, ,033, .028 &
+0075 rospectively in foote |
. 4,4  Head over the crest was thon suitably altored thus changing
tho valuc of P/h. For cno value of P/h coefficiont of discharge was
tolten as Cq = ...9_372 vhoro B 1s the flume width and B is tho hoad

Bh
ovor the erost, A plot was next drovn betwecn the dimensionless

paramotor P/h ond C (hgving the dimcnsions of _/g ). This curve was
smoothenod ond oxtendod both ways. Thus for cach roughness give gealo
nodol FPosults woro obtainod, and for botter comparisiocn curves for
difforcnt seslo byt for same roughnogs woro super-imposod over cach

other., Four such sets of curves worc proparod which eppear from Figure
1 to 4.
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4.8 The profile measurenents of flow were taken additionally,
The tempsrature at the beginning and end of the experiment of the
floving water was taken. Mean temperature was assumed to previall
during the experimentation, Values of Y (kinematic viscosity), and

s (mass density) and also U (surface tension) were measured for this
temperature. Additional measurements of sediment content were taken
of the rmunning water. The concentration of sediment load remain
congtont nearly during the experimentation. The experimental obserw
vgtions are given in the form of a Table in affpendices.
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CHAPTER FIVE

ANALISIE QL RAZA



CHAPTER V
AN ALLY SIS OF DATA

S5e1 INTRODICTION

| For the complete similarity between the model and prototype
it 15 esgential that various dimmsionlass ratios dn which the
coefficient of discharge is dependent should be the same on the model
and prototype. ZTherefore the data has b0 be analysed in wuch g
fashion so that the variance of coefficient of discharge against
different parameters involved could be studied for different model
scalesg,

5.2 In the first instance effect of geometrical ratio P/h was
gsaught to be elinminated and as such for a particular roughnoeas bqtn
in the approach channel and at the crest, full variations of C wvith
P/h were observed for particalar scale model. A curve was drawn
depieting the variation of coefficient of discharge vith P/h. Similar
curves were drawn for models on all scales taken for study. These
curves so drawn for different scales wers next supexm-imposed over each
other 5o that comparison could be made at a glance. Sich a set of
curve for each roughness under study was prepared. Curves drgwn for
different roughnesses appesr from Figure 1 to 4, From these curves
1t was possible to squate the geometric parama_ter P/h, Study was
thorefore first limited to design head in which case the value of P/h
1s eqal to 60/18 = 3,33, Therefore velues 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 model four values of (K/h) were
gvallable (as thore were four roughness under study), for the same

gebmetrical ratio P/h. Thug curves were dragwn between (K/h), the
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roughnegs parameter and the coefficient of discharge for each scale
model, for the tixed value of P/h, = 3,33. Such a set of curves
gppears in Figure 5. In the case of prototype the rugosity eoeffi-
cient 'h' was assumed as 022, From Strikler's formila 'n' =(K)1/ 6/29.3
the value of 'K' the rouginess projection was computed as .0546 and

8o the roughness parameter (Kh) for design head for prototype was
found as .0364. In each scale model the values of coefficient of
discharge for this value of (K/h) was found, in order to eliminate
the effect of roughness parameter from the field of study.

5.4 Thas the variation of coefficient of discharge iett out after
elimination of geometrical énd roughness parareters was mainly due
to different Reynolds numbers and Vebers numbers. Hovever, as
explained earlier gince it is not possible to study the offect of
Reynolds number and the Wobers number saparatvely as the experimen.
tation was done with water. At the first instonce however the
effect of Reynolds number was studied as Rg = V H/y , where V, is
the velocity of approachs In this case the velocity of approsch was
taken into account just to make use bf the coefficienta of discharge
as found out after elimingting geometrical and roughness effects. Xf
the Reynolds number were calculated from its basic R = /28 33/ /)y
the Reynolds number in each case would have boen only proportional to
the model gcsle, 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 = {/h /,/*7r and not from its
basic formW = _/3g h/ q‘/ » ''sy ' p ' being the properties
of the fluid wvhich were foand out for the temperature at vhich the
experimentation was dones

6.6 Next the Reynolds numbers of approach channel for the
specificed values of (P/h), and (K/h) were computed‘ , é %‘T wvas

COTaRY Sy

’h ’)“ru.“
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drgvn botween tho coefficient of diacharge and Reynolds number ao
shown in Figure 7. It is evident from the curve that Reynolds numbers
aro significantly-effoctivé in the working range of models. After a
cortain value of Roynolds number coamses to influence the ?araee of
coefficicnt of dischargo, which meang that the viscous effects are not
important after cortain values of the absoluto head end the helght of
the vair'ia aéhiwed. Bat from the eurvo it 1s clear that thore 15 g
considerablo variation botweon tho values of Roynolds number for tho
prototype and model and 4t would noed a conpiderabls amount of omtra-
polation to prodict the values of C for prototype from tho model
results. Moreover it ig expected that Reynalde.number and Vebors
nupber aro related to coefficlent of discharge by power laws There-
fore a plot vas tried between the Reynolds number V/s coefficient of
discharge on log paper as shoun in Figure 7, This was observed
that sll the five points g0 obtained lio almogt on a straight line
and so proving the power law. From this graph the value of the
coofficiont of discharge aspgainst tho Reynolds number as oxisting on
the prototype was obtained as 4.06.

5.6 As has boen dlscussed in the precoding parsgraphs that it is
not possible to separate out the effects of Reynolds numhar and Vobers
number 1f the experimentation is done with the sane liduid. It vag
therofore not pogsiblo to study the offects of variatian of Eulers
nunber end Webers nunmber on a quantitative banlg. However just to
complcto the gualitative studies it has boen gttempted tostudy tho
trend of variation of coefficiant of dischargse with Bobers numbor,
go that only the nature of the curve could bo known, vithout climi.
nating the effeocts of thﬁ Reynolds number, It hardly noods any
over omphasis that the curves do not in any caso ropregent tho

quantitative offects of the Vebors number on tho coofficient of Qlige
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charge over weirs and gpillvay. It 15 already known from knovledge
of the sharp crested woirs 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 szme geoma-
tric and roughness parameters, and a plot between coefficient of
discharge and Webors number was tried as given in Figure 8. Thig
curve was also tried on log paper as shown in Figure 9 to minimige
the extent of extrapolation. The curve obtained is again linear on
log=log paper establighing the power law between the coefficient of
discharge and the Webers number. The value of coefficient of
discharge for the value of the prototype is almost 4.,005.
Tiis a mean value of coef‘r.tci‘ent of discharge for the prototype

85 obtalned after oquating all the dimensionless ratios involved in
the discharge function could be taoken as 4.03, '
5.7  Similarly the coefficient of discherge could be found for
any other operating head that is for ainy other value of geometric
parameter P/h, the roughness parameter (K/h), Reynolds number and
Wobars number. The value of the coefficient of discharge so obtained
shall be more or less independent of the s¢ale offect., Of course
there will ke still be certain limitations to the correct extrapola-
tion of the value of the coefficient of discharge for the prototype.

648 ALTERNATIVE ANALYSIS | |

In the above analysis it was felt that (K/h) alome does not
fully represent the roughness parameter, as the frictioh losges sre
a function of R gnd K/hs It was therefore felt to define roughness
with a new paragmeter 'f' known as Darey's coefficient and ss such
C = (P/hy,fyR,W

Tims as done carlier coefficient of discharge for the desipgn value
of P/h = 3,83 was read for all scale models with gll the four roughe
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in approach channol may be influcnced by various parameters. It
thorofore appoars reasonable to talte a parametor detomnining tho
volocity distribution of approach channel. As 'f£' 15 a functien of
${{/h and Reynolds number) and includos the offects of both the form
"‘-h:[xyqp‘s_ as woll as the surfaco roughnoss, 1t will be more reasu-
N\ nodels as shown in Figuro iumetoer thon to talte §/h which only gecountg
\A‘.’ K and Reynolds numbor hag bocn read g3thor hes prosented both the
apprall values of ¢ fow\@.gf@?en:- gealo nodr" ~ napameters
soparatoly, i '
5,10 As the oxperimental fltima vas of limited dimensicng, it waos
not poosible to measure tho veloeity profile in the flume correctly.
In ordor to determine tho kinotic energy coofficient [, & thooretical
valocity distritution (log=- diotribution) vas assumed. The value of
Alpha in every case has boen calculated on the basis of formula
provided in $iuid Mechanics by br..t}ux‘de(n).. Valugs of Alpha thug
caleulated are given in appendix. It is ¢lear fronm these values
that with the increasing values of alpha the values of coefficient
of discharge decrease. This may b provide explanation tobhanging

valuos of coeffieient of discharge with changing scales and roughnosg.
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CHAPTER VI
CQI&GLU SION

6.1 The present gtudies havecstapblished that there does oxist a
scale offoct in the valuos of coefficient of dlscharge as determined
on the basis of wmodel experiments conducted on goometrically similay
modol of a weir and spilluay. From the perugal of giguros 1 to 4
it is ovident that with the incroasing scalo retio the coofficient of
dischargo doercages for o particular value of the geometric ratio .
Thup tho coofficlient of dlscharge as obsorved on the model will be
snaller theon tho ono ompected on the prototype which 1s 1 to 1 seale
modol. Hcneo 4t is safer to adopt tho values of coofficient of
discharge obgerved an the model for the prototypo . Tho reasons of
this varianco could be establighod from the analysis of discharge
funetion wvhoreupon it is found that it depends upon (1) geomatrid
ratio, (11) roughness parameters, (iii} fluid propertios, and (iv)
gediment concentration. However sediment concentration was not
taken in tho pregent gtudies as the entire experimentation was done
vith the holp of clear vwater. 8ince the ¢imensional ratlos regpone
oiblo for tho varioug of dischargo function are not the sawo in medol
constructed to diffeoreat penles, same values of the coefficient of
discharge oro not ezpdcted for eha'same geonotrical ratxo; Thug tho
dimecnsional ratios ropresentod by (K/h) or *f' , Reynolds number
and Yedbers aumbsr are not tho same in the Qifferent scale models,
‘henco the varienco in the values of tho coefficient of dischargo.
Apart from these it was found that while constructing goometrically
similer models 4 which every co-ordinatc of the prototypo is
dividod by the scalc ratio ¢o obtain the corrosponding co-ordinato
of the modol, tho original oquation of tho crest profiie is not

onactly reprogented. Tho model crost thus represents a profilo
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whoso equation iz not the original egation of the prototype. The
new crest profile although corresponds to the equation of the lower
nappe for the model head yet is is mathematically a different profile.
In the case of U.S.B.R profile of a spillvay the model profile will
represent a different U.8.B.R profile which csoz;respdnde to the model
head. Thus toesting different scale models of g spillway amounts to
testing different U.S3.B.R profiles, and so certainly the same values
of coefficient of dlscharge for same geometrical ratio could not be
expected, énd thus any attempt to estimate the absolute values of the
coefficient of discharge independent of all errgcts viz. of roughness
and fluid properties, will have that limigtion, since such an affect
tormed profile effect could not possibly be eliminated,

68,2 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
same gcgle model with different liquids or altematively by conducting
series of expeoriments on mpdels congtmeted to different seales with
different roughness in approach channel and crest with the s'afma liquid
vater. The main idea being to find the discharge function for the
dimensional ratios as existing on the prototype. Firstly the geomee
trical parameters are equated and then the roughness paramcters.
Finally the effect of fluid properties could be avoided by plotting
Tesults obtained on different scale models and finally exPprapolating
for the prototype conditions.

6,3 It 1s howvever, not possible to give rexdy made general curves
from which thetorrect values of the coefficient of discharge could be
road for the prototype on the basis of the value obtained on a parti-
cular scale model. However, levelled dlagrams for different values of
- (X/h) couid be drawn between ¢ and scale ratio © roughly estimate the
percentage effect and this ratio on being multiplied with the value ¢
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of C obtalned on models could give the value of ecoefficient of
discharge on the prototype somewhat approximately, |
6.4 Further, it was found that Eulers number and Reynolds number
areé related by a power law as the plot oblained between the two on
log-log paper is Imm. Similar is the case with Rebers number
and Baler number vhich m‘ also related with power law. Of course
the glope of the straight lines obtained on log-log paper.botween
Bulars number and ﬁeynolda nunber and that between Balers number
and tebers number will be a function of geometrical and roughneoss
parameters. As guch 1t 1s possible to find an empirical relationshi
boetween Reynolds number, Eulers number and Webers number and to
cannect' the slope of the line with the geometricyl and roughness
paragmeter o generalise sach a golution, However, such a solution
will not be absolutely tma, because it 43 not possible to isolute
the effaéts of Reynold number gnd Webers number as complained in the
preceding paras. Neither s their effect in the discharge function
subjoct 0 mgthematical treatment. Nevertheless such an empirical
relau‘onship derived purely on the dasis of experimental results
will have limited utility, |
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2,0700 4250 (500 1,3710 028450 287450 1640 .4520 0,965 4.570



Model Segle - /2 1= 3 ft.  Shingle used « Cement plaster

ooy .

Q E I /a4 haevE/og Hosmena Ho¥2 1mo¥2 p/n e

in in Q/I..Hoa/ 2
cusecs feel . '

0,1196 ,084 220 0.19350 000685 ',054535 0128 02830 a,oasé- 3.15
0.3220 099 +256 0.4235 ,002790 ,091790 .0277 .08275 1.8720 3,80
0.6700 126 ,292 0.6565 006750 ,132750 0473 .14080 1,3210 4.06
0.8920 .156 ,322 0.0335 013610 ,169610 .0694 ,20600 z;oa?o 4.33
1.2260 .180 355 1,1630 ,021180 ,210180 ,0863 .28560 0.8815 4.29
16300 ,219 ,386 1.4280 ,031750 ,280760 ,1269 37100 0,7610 4,29
2.0700 +264 4420 1.6720 043700 207700 .1620 .47700 0.6560 4.32

2.3950 273 ,439 1.8600 ,063500 ,326500 1868 55000 0.6100 4,35



Model Scale - 1/40 L= 3ft Shingle used « Cement plaster
S B B wus narV2/2g Howleha oY 2 LHoY2 p/n

cuaeg: faet

Cs
Q,mom

0,1196 ,082 177 0,2260 000768  .052798 01216 ,0963 2,4020 3,292
0.3220 081 206 0.5246 ,004310 085310 02500 .0746 1.5420 4,318
0.5700 122 .247 0.7760 (008410 131410 04770 ,1424 1,0220 4,010
0.8920 .180 ,276 1,0915 .018630 ,168680 ,08020 ,2056 0,8335 4.350
1.2250 (178 303 1,3620 ,028100 .207100 09400 .287 0,7020 4,390
1,6200 ,202 (327 1,6860 044500  ,248500 12270 13670 0,6190 4,480
240700 1228 .63 1,080 (061360 2890 16350 14830 6.541@ 4_;290

2.@06 242 .367 201950 -075500 .31‘?%0 -17906 .8%0 - -



Hadai’ Scale - 1/10 L=31¢

Shingle uged » 1/4" (
(approx)

' H BeP Veg/A hasve
f L s e

cusecs feet

L i i, : s

Rostvha HBo¥2 15,¥2 pyp

-

Cw
Q/I-Hoa/2

0.1196 .067 857 0.0717 .0000305
043220 ,100 .600 0.1801 .m
046700 .138 ,638 0.050 0014200
0.8920 179 ,679 Q4270 0028500
1.2850 ,217 717 0.5780 +0052200
1,6200 284 754 0,732 0084000

2.0700 .290 790 0.8910 ,0123800

2,4800 .322 .832 3,0270 .0165300

«870805

+100508

«138420

181850

+222220

+262400

« 0220

» 338630

ol
+0319
+0519
0770

+1048

01345

+1664

1870

o L

90413 8.'!70

+0880 5,000

1542 3.692

2382 2,790

,3087 2,202

» 3983 1,969
+4915 1,723

o5770 1';553

2,910

3.390

3,69

3,920
2,960
44120
4,220

4,290



L

‘Model Scale - 1/15 L=3fe

A e

Shingle used-1/4"{Approx)

Q@ H P Vag/A ha=VZ/2g HooHeha
in in

cusecs feot

ﬂoa/ 2 LHo

&2

P/h

C=

—

LHo |

0,1196 1066 386 (.1028 ,000164
0.3220 ,097 427 0.2538 ,000995
045700 +135 ,#65 0.4130 ,002650
0089820 4172 ,602 0.5990 005600
1,2250 ,211 .541 0,7660 ,ooeléo'
1,6300 238 .58 0,9760 .014860
12,0700 277 ,607 1,1680 ,020800

2,3500 ,301 .63 1,2670 ,026160

»066164

097905

+137650

«177600

+220170

«260850

+297000

+ 326180

,0134
0208
+0510
.0748
+1035
.1312
.1625

»1865

+0402
0821
+1617
»2315
+ 3060
« 3874
+4780

+5478

6.890

3.408

2,445

1.919
1,865
1,398
1,102

1,095

2.970

3.493

3.760

4,030

4.070

4,210

4.320

4.280



Model Soale » M/ Le 8 Shwingle weed « 1/4*{Approx)

g B W vy hest/0g Howivha H0¥? 1mo¥2 pm
cugecs feet LoV 2

0,1169 ,053 «203 0,1320 000272 083272 0123 0268 4,685 3,246
0,320 .004 .34 0,313 001540 L095540 L0204 .OSTB 2.615 3.667
0.6700 1130 L3681 0,600 0050 1350 0495 1475 1.885 3,868
0.8900 1167 .417 0.7218 00R14D 176140 .0731 .2166 1428 42065
1.2350 .202 .452 0,0163 (012060 216160 ,0998 .2980 1,162 4,160
1,6300 (238 o484 1,140 (020200 254300 1282 70 0,082 4,316
2.0700 (267 .517 1.3680 ,088800 .zm 1608 4780 0.B47 4,380
26080 « o = . - . .- .

8.1800 276 526 1,4070 02850 206850 L1705 8930 0.514 4.325



Model Scale - 1/ Le3ft Shingle used - 1/4"(dpprox)

g JEEeP W04 hee1®/2g Hodiena HoVZ LH¥2 pn &
cugecs fest Lio Q

L o " P it o . . Vo s .

0.1196 .081 ,21776 .1840 ,000628 ,051628 .0ll7 .03499 3,262 35.418

0.3220 090 25667 .16 002770 .082770 ,0282 .08410 1.850 3,822
0,8700 1126 20287 6460 ,006610 132810 .0482 .143%0 1,322 .07
'o'.a‘m \159 22567 9240 013320 a0 077 2100 1,047 4,180
1,250,191 , 35767 1.@556-@5030300 211800 0972 (33600 0,572 4,280
1.6300 .221'.&?67 1,4230 031680 ,262650 ,1259 37180 0,763 4.3%0
20700 1252 (41867 1,6760 -044000 ,206000 ¢1610 47400 0,661 475

2.4280 276 ,44267 1,8600 (054100 ,820100 ,1910 .56200 0,603 4,320



Model Scale » 1/40 L=3f1e Shinglo uged - 174" (Approx).
gn ?n | vﬁv«s’ ”? véqlk haﬂ‘ia/az Hoaﬁrha B Y2 Lﬁowg ?/h g"
cusacs fect W
0.1196 .040 4174 0,220 .00082 ,04982 .0L10 .00 12,6620 3,63
0.3020 (870 212 0.509 ,00408 ,09106 .0276 .0824 1.4370 3.810
0.5700 .122 ,247 0,786 .00967 ,13167 0476 ,1413 1,0250 4,040
0.8920 156 o281 1,071 01783 ,17383 7250 .2153 0.8020 4,160
1,2260 186 .3l1 1.3 02760 21360 L0390 L2935 0.6720 4,180
1,6200 (218 343 1.582 ,03920 ,35770 1302 .3BE0 0.5730 4.2%
2,0700 o262 377 1.865 08420 ,30630 L1602 4990 0.4965 4,118

2,038 ,06500 34000 1980 8360 é.oso

2.4000 276 400

0,4660



Model Scale « 1/10 L=3f1e

Shingle uged « 1/2"(Approx)

~ cusecs fest

- -

Q B B Vsq/A hasV%/8g Hosieha Ho
in o

¥y2 LHo

¥

P/h

0,1196 ,083 853 0,0723 40000817
043220 095 ,525 0,1817 0005160
© 0.5700 4186 638 0,3018 .0014200
048920 4175 ,675 0,4460 .0031200
1.2250 4211 (711 0,6820 0083200
1,6200 249 749 0,7390 0086200

2,0700 ,283 .788 0,8660 40114200

2.4500 .310 9810 1,0320 0167000

0530817 0132
+0955150 ,0293

1374200 0510

1781200 0750

.2163000 ,1100
2578200 1307
2044200 ,1600

+ 3267000 ,1860

03645

08800

+15150
22200
+ 32450
« 8560
+47000

+54600

0,950

5,260

3,680
2.oss
a.q10
2,060
1,767

1.613

3,280

3.660
3.762
4,020
3.780
2.060
4,410

4,480



Model Scale -~ 1/16 LESf Shingle used - 1/2" {Approx)

b - ——‘ ——

Q B B Vg4 heV?/% Heemha B¥2 V2 pm C”

in in g |
cusecs feet LHoY

v . Y ) . %

0.1196 .056 .385 0,103 0001682 055168 ,0120 .03859 6.000 3.100
043220 095 425 0.2541 ,0010090 .096009 .0208 .08890 3,478 3.648
o..s'foo 137 1467 0,4120 00268580 ,139650 ,0520 ,16470 2,208 3,690
0.8920 178 503 0,5990 0056150 .178616 ,0755 .22400 1,905 3.982
1.2250 .208 538 0.8225 0105500 ,218880 ,10256 .30830 1,586 4.040
1.6300 +245 575 0.0620 0145000 .2508500 .1320 ,28960 1,345 4.185
- 2,0700 4883 ,613 0,1540 0208000 303800 1670 49000 1,166 4.2

2.300 .05 .63 0,2780 08654000 330400 ,1900 55800 1.080 4.2656



L S

Model Scale - 1/20 L= 3ft

iy elsvttis i _

Shingle used - 1/2"(Approx)

in
cusacs feot

g B B veg/a haev/zg owiena Bo¥? 1mo¥® e/

g’ﬂl
LHoE e

~ ¢

01196 055 +305 q:f:l.'i'am‘ 1000268
0.3220 1003 4243 0.2141 001543
05700 (132 .m’é.mo 4003950
6,858 187 417 0,7225 ,00818G
1,2260 4202 452 0.9170 013120
16300 237 4487 1.1320 4020160
é;umo 273,528 1,340 028260

2,5000 ,304 5564 1.,5380 ,036800

+0552683

4094540

135080

+175160

+215120
#2657180

'« 801250

»0131

#0202

«0499

0734

+1000

#1308

+1663

1990

103917
+08690
+14820

421630

229590

448700

88500

4,5400 3,058
2,6870 8,710
1,8980 3.841
1,4980 4,115
1.,2380 4.150
ei.oséo 4,235
0.9165 4,260

0,820 4,270



¥odel Scale - VX Ls 3%

Shingle used - 1/2*(Approx)

Q H HeP Vsg/a hesWog Hosieha Ho¥3 Lud'®

in in
cugess feet

o,u’oc; 1049 ,2150 01860 4000841
043220 4091 ,2576 0,4190 4002740
0,3700 ,124 42900 0.6600 +006830
10,8920 :.166 +3260 0,9310 013600
mm +191 ,3570 0.1162 017700
16300 1226 43920 1.4090 031100
3,0700 1263 14200 1,770 1043900

2.3760 .295 4610 1,7500 ,047800

e
q Y
Y

0

P/h

1049541
003740
13080
173800
1208700
267100

+ 306900

0110 ,03289

+0286 ,08490

0471, 414000

0720 2130

10950 ,28200
1306 + 37900
/1700 80200

+2010 ,50100

8,400 3,639
1,842 3,790
1,335 4.070
1,058 4,180
0,870 4,360
0,735 4,310
0,632 4,120

0.583 4,020



Model Scale - 1/40

L=3ft Shingle used ~ 1/2" (4pprox)

g B B vy he=V/3g Hgrivha Ho¥° LHoY2 psy

tusocs feet

L

—
9

0.1196 4060 ,178 0,285
0.3220 ,088 213 0,6070
045700 ,123 ,248 0,770
0,8820 ,167 .282 1.0660
1@2250 »188 ,318 1.32%0
16200 1220 345 16970
12,0700 4350 575 1,8700

| 2,4200 276 1401 2.0800

«000816
+004020
+009300

.017780

0273850

088900
4084700

+066700

050816

082020

| +132300

174780

«215350

+250900
+304700

0341700

0114
0280

+0483

0790

»1000
+1328
+1678

11990

mﬁ?z
03402 2.5000 3,610
08350 1,4210 3.868

+14370 1,0160 3,940

+21680 0,7966 4,115

+29600 0.6650 4,135
+39100 0,6670 4,166 -
149250 05000 4,210

+88700 0.4530 4,120



" Model gcale - 1/10

I= 3¢5  Shingle used = 1*(Approx)

h

cusecs fj:;t

H BP Vs¢/A

haw1%/2g HowEtha g2

¥ p/m g

T

0,1196
0,3220
045700
0.8920
1.,2250
1,600
240700

2.4700

w054
+093
1M
o174
211
+247
+288

312

A,

854 0,072
.893 0,1820
0334 0.2020
/674 0,4475
711 0,6835
747 0,7390
783 0,8090

+812 1.0370

»0008170 .0540817 .01270

,0005180 0935180 ,02870

10014260 ,1354260 ,04990

J003L350 1731350 407465
+0053200 2182200 410100
+00B5500 2565000 12880
,0126200 .assszoo +16070

0168000 ,3288000 18860

03800 0,265 3.142.
108585 5,305 3,760
14840 3,735 3,840
'z'mao,a.m 4,09
J29820 2,370 4,110
.;sma' 2,027 4,290
A7200 1767 4,30

55350 1.803 4.470



Hodel Scale - 115 L= 3ft, Shingle used = 1*(Approx)
Q B H+PVmy/A hesvi/og Hosivha Fo¥? 1m0¥2 pm &
in in Q
cusecs foot | Wo 3

0.1196 063 .aéa 0.1045 ,0001708 ,0831706 .0122 .03825 6.280 3,200
0.3200 005 .425 0,242 0010100 ,0960100 ,0299 .ﬁaam 3,510 3,790
0.8700 .133 +463 0,3988 (0019900 1240900 ,0487 14300 2,606 3,990
0,8920 ,270 ,600 0,6010 (0056400 41766400 (0734 21000 1,962 41260
1.2080 (207 .53 0.7705 10092900 ,2162000 1070 .aiazo 1,610 3,870
1,600 242 672 0,8650 (0148300 2565300 (100 3800 1.7 4,240
840700 277 ,607 1,1670 0209000 2979000 (1635 47700 1.203 4.3

2+400 .32 602 1.3120 0270000 .3280000 .1888 66400 1.104 4.380



in in
cusecs feet

A

QB HP VeQ/A neayl/gg

Ho=itha Ho¥2 1Ro®2 p/p C°

-

LHoY2

01196 0,051 4301 o.xam
03220 0.090 ,340 0,3265
045700 0.128 4378 05060
0.8920 0,164 (414 0,7260
1.9250 0,199 ,449 0.9216
1.6300 0,235 1485 1,1380
2,0700 04266 4516 1,3570

2,4900 0,298 ,648 1,6410

000274

+001621

uMlﬁ

1008260

+010320
«020200

+037160

061274 ,0116

091640 0277

132150 ,0481

178260 ,0718

+209320 0067

«255300 1290
4294760 1602

+ 335150 ,1938

i R

03467 4,910

«08260 2,778

+14500 1,952

»21320 1,623

28380 1.257

»28120 1.063

T30 0,940

57000 0,838

3,446

3.890

3.832

4,180

44320

4.270

4.370

4,360



Model Scale 1/30

L= 3t

Shingle used « 1"(Approx)

in ,
cusecs feot

T hamv2/2g

Hosivha Ho®2 Lio¥2

—

P/h

Cs
Q

LHoY 2

0.1196 .060 .216 0,1861
0.3220 ,089 .255 06,4230

0»5?00 .184 '.290 0.6680

0,8920 (162 ,328 0.9170

1.2250 ,108 ,259:1,1510
1,6200 .225 ,391 1,4116
92,0700 256 .423 1,6610

2,000 ,274 ,440 1,770

+000835

+002800

+006880

+013160

+020700

+031150

+043200

+049200

060526
+091800
»130860
«176180
+813700

» 256150

+ 299200

« 323200

0113

0278

0473

0733

+1300

+1640

1837

03378

08280

»10070

21720

+ 29250

+48350

+54150

3.320
1.865
1,337
1,028
0.860
0,757
0.648

0,605

3.540

3.932

4.050
a.us
4,190
4,245
4.280

4,250



Z4RLE NO.20

Model ficale - 1/40 L= 3t

Shingle used ~ 1% (Approx)

in
cusecs fest

¢ B P Vey/a ne=v%/2g Howteha Ho¥2 LHoY?

dpenite

P/h

4 -
Q

P—

0.1186 062 177 0.2260 ,000798 ,062798
043220 087 .212 0.5080 ,004060 ,091000
0.,5700 1122 + 247 0,7760 008420 4131420
0.8920 .159 ,284 1,0800 017500 .176500
1,2250 »990 ,315 1.3130 ,026900 ,216900

1.6300 4292 347 1,6900 .039500 4261500

2.0700 858 383 1,8315 052500 .210600

2.3000 277 .402 1,9420 ,059000 ,336000

«0122 vf

» 2074

+0478

- +0808

»J012
+1338

»1733

+1847

+ 3960
+5120

5725

2,408
o
1.4%

1,020

0,786

0,658
0.564
0.484

0,451

3,278

3.937

4,00

3,720

4,070

4,10

4.048

4,020



h =106 ft,

- bl ‘ — . g i Y il . A N—

8cale C from = Re ¢

g;gv:é&cgsla | T fﬁp)’*a q-//o ' Remark?

1/10 3,560 0,270 0852 x10° . §,070.  Reynolds number
for prototype

1/16 3.4 0,088 0,073 x10° . 3,266 = 7,44 x 10

o A . 105 ” a1 Webers number
1/20 3:.3% 0,0670 0,0800 x 10 . 2,319 for prototype

' e 164.
Y3 3108 0,038 0,086 x10° | L.678 |

140 2.908 0,02107 0.01883 x 16° 1,148




= .02 P/ he 3,33
Scale C as read Remolds  Webers Remarks,

from curve aumber Number

N ianay " faithign _ - oy . o -

1/10 3,60  1.95 x 10¢ 8,19 Reynolds number £gr proto-
type = 7.44 X 19

~ Vebers number for prototype

1/16  2.52 1.8 x10% 3.5 . 164

1/20  3.45 8.800x10° 2,56
V2 298 310x10° 1.8

1740 292 174 x10° 0,95




P/he= 3.3
neriangns s Mgt » Y " _’-“ - o e e
. ' 81 fmam IV ' X ¢ '
Scale (4 R x 107 @ ; % 'as read ¢ ' ?;gmhgg ' |
: ' SV from 4 ' o ' 0<
' 1 ! oarve o ' ' '
- . [ | —— i ] . l‘v 8

1710 77800 904220 40418 3,730 (02880 5,310 1,0676780
1/16 40040  60.200 40480 3.6 ,02880 3,340 1,0704316
1/20  ,28800 45,120 L0520 3.490 ,02830 2.662 1,0873148
/20 198608 20,120 0620 3.295 02880 1.6156 1.1018872
1/40 08868  22.560 L0700 3,30 02380 1,185 1,1157758
1/10 8400 71.240 0450 3,912 ,03845 5.680 1,0735194
1/15 56280 47.560 .0500 3,650 02645 3.430  1,0856300
1/206. 26480 35,640 L0650 3,490 .0234§ 2,580 1,0855072
. U®™ ame0  £3.800 L0700 3,430 ,00846 1,630 1,1117943
T1/40  ,08520  17.840 0800  3.280 ,03845 1,165 1,1264970
/10 .81800 22,860 L0700 3,830 11470 5.610 1,117780
1/16  ,43800 15,120 ,0920 3.843 11470 3.660 1,1385000
1/20 28600 11,340 L1300 3,770 L1470 2760 1,1551270
1/ 14200  7.860 L1760 3,640 ,11470 1,680  1,1876700
1/40  .08780  5.668 .2000 3,380 ,11470 1,188  1.2121790
1/10 77800 46,400 .0360 2730 ,00750 0,30 1,0429698
1/16  .41192 230,800 0200 3,630 00750 5,460  1,0504570
1/20  ,26400 173,600 ,0320 3.480 .00780 2,660  1.0B57666
12 12480 119,680 0360 3,112 ,00760 1,485 1,0630638
1/40 36600 86,680 0450 5 2,960 ,00750 1.050 1,0794164



The rollwwg symbols have been uged in this dissertation;.

Cq - Dimensionfiutoeffictent of Discharge.
« Coefficient of Discharge with Dimensiong of _/g .
- Roughneas Projection.

. » Hoad over the crest excluding Velocity Réad.’

- Webers number
- longth of Spillway.
- Discharge through the Spillway.
Ho « Tatal Head over Spilling Crest.
g8 - Acceleration dus to Gravity.
P« Height of Spillvay above the bed of channel.

c
K
h
R = Reynolds number,
W
L
q

£ 4= Davoy's ecefficient.

V « Veloeity of Approach.

5 = Thickness of Boundary Layer.
[’ ~ Mass dmsgity of Liquid.
/4( » Dynamic Viacosity,

) - Kinematic Viscosity.

7 =« Surface tengion.

ha - Velocity head.

N « Rugosity coefficient,



FIGURES
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£1C.1 CEMENT PLASTER ROUCHNESS IN APPROACH CHANNEL AND CREST CURVE
SHOWING VARIATION OF C WITH P/h
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FI1G.2.1/4 SHINGLE ROUGHNESS IN APROACH CHANNEL AND ON THE CREST
CURVE SHOWING VARIATION OF THE C WITH P/nh
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