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Abatract

The main chjccts of this investigation are to obiain convenient expressions for the
sstimution of discharge cocfficient for submerge flow over concave and convex semicircle
shape crested weirs, Sixfesn weir modcls were constructed and tested. thesemodels were
classificd into four groups. The first and second groups were of single ¢ycles heving concave
and convex shapes, respectively, with curvature mdivs of 15cm. The third and forth groups
were of doubie cycles having concave and convex shapes, respectively, with curvature radius
of 7.5¢m.ln each group the weir height, p was varied four times 10em, 7.5cm, Scﬁ: and 2.5cm
Based on results of this study it was found that for constant weir radius, R, the discharge
coefficient, '8, incresses with the increase in the relafive upstream  head, hip, while, for
canstant upstream hed, weirs of small heights give higher discharge coafficient than those of
targe height Two general expressions wers obtained for the estimation of Cd a3 function af,
relative upsiream head Jhip, and relative radiusRP, one expression for single and double

cytle concave submerged webrs and the uther for convex submenged weirs.

List of Naotion

q = discharge (m’/sec).

q1= lree flow discharge duc to upsiream
heed hyfm’fsec).

sf = submergsnce factor.

g; = sectional ares of weir below hend water
level (m?).

82 =-seclional arca of weir below tail water

jevel (m%)

hy=upslream head above weir crest for
subrmerged flow(m}.

ha~downstream head above weir crest foc

submerged flow{rm)-
o, &kconstant,
B=width of (he channel (m}).

g= acceleration due to the gravity {nﬁs&c?},

P = the height of the weir.

E= radius of the weir.

Cd=discharge coclficient of semicircular
weir.

f= drowned Tuw reduction {actor,
I
!

(100)



(101

Introduction

Hydraulic  engineers are always
looking for simple and efficient hydraulic
structwes.For  field  and Laharatory
measurements of flow. Semicireular weirs
have an advantage aver normal Weirs in that
they allow higher discharge and wide ow
rapges for the spme widih of the channel.

The  principle advantage  of
submerged flow uperation (s the smalter
head loss, which oceurs in the Hume ae
compared with free flow.

The effeet of submerged on shamp -
crested  weirs has  beep investigated by
several researchers including Yennard and
Weston (1943), Steven and others {1949,
Adl of their tests were nun on sharp crested
weirs. In addition, 3 method of analyzing
submerged channel
constrictions has been develaped ar Utah
(1967)  Mavis {1949
canducted submerged cxperiments on six

flow  in  open

stale  upiversity
ditferent sham-crested weirs, ¥iz, suta
rectangular, parsbalic, eircular, V- Noch,
and  developed s general empirical
discharge fonmula of the following form:

0.4
44 = - 0458 + ) (1)

Where

= discharge,q,= free flow discharge due 1o
upstrcam head by and si= submerged

factor,

i ={a, U'r‘i?i*_’fm '\Ilr';?};

&=sectional arca of weir below head water
level

&= sectional zrea of weir below tail water
lesre]

hy -pstream head above weir srest for
submerged flow,and

b= downstream head above weir Crest

{1947} assumed that the

submerged discharges, u,, is & function of

Villemou

the free flow discharge, g, duc to an
upsteam head, b, minos the free flow
discharge due 1o a downstream head hy.He
also assumed that the free figw discharge
was given by an equation of the form g=ch"
in which ¢ and n are fimctions of wejr shape
vnlyand showed that;

T B L SR {2)
in which S=hy'h, and ( m, k) are constants,
The fina; eguation is

T (3
Where, k=1,m=0385und n is the exponent
in the free- flow equation=1.5. 1e
compared the results of this equation with
those described by Vennerd and shows
faitly good agrecment,

Donn G. (1970 Studied the flow analysis
of large rianpular weir under submergence
and  pave The
submerged factor fonnded nearly the same

empitical  formula
as that of Villemeontes, both are based on
the water surfuce elevation for hy,

Ramamorthy (1988) showed thal the
discharge over broad crested weir U Uncler

submergence can  be obtained by the



intoduction of drowned flow reduction
facter

F=g4q.
Where q,=discharge under submerped flow,
q=discharge under free- Aow accardingly

2
7
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Where, H is the upstream measured head
Megm etal (Z0G0h) developed a model for
both fee and submerged flow through
combined flow structures having different
opcning  shapes. The mndel takes the
fornula:

Fr 1.0486+0.00084 * (%) :

Where h =upstream water depih, d =gate
ppening.

C.chalierjes et.al {1998) developed o simple
empirical equation relating the discharge
factor, submergence matio, and Tutio of
upstream head i crest height.

Bagzad etal {199¢) studied \he hydraulic
characteristics of flow over semicircular
sharp crested weir single and double cyeles
with  concave and  convex  shape
experimentally under free flow conditions
and abtained two gencral expression for the
estimation of Cs as alunction of beth
relative upatream head hip and relative weir
radius of B/p.Equation {3] for single amt
double cycle concave weirs, while equation
{6Hor single and double cycle cumvex

WEIIE,

[R]DH
C,=049* £
ey

\p)

[R]Dﬂﬂ
C, =048 27 6)

Where, ©, = Discharge coefficient for

semnicireulor weir,
The inain

investigation  is to study ex perimentally the

objective of this

charactesistics  of flow under- submergence
over semicircular sharp crested weir single
and double cycles with concave and convex
shape, The study presents a theoretical
subtoerged flow equation  for the weir and
expetitments arg conductsd to evaluate the
accuracy of the theoretical equation,

Experimental Set-up
The experiments werc carried 0w

in aheorizontal channe] of 10m, with across
seciion 0.3m wide and (55m high, The
walls of the channe! were of toughened
glass with annolar of perspex panels
incorporuted  .The bed of the chennel
consisted of siinless steel plates, Apair of
edjustable insttument rails were fitled on
the top of chanmel sides through the
wocking length of the channel Two
movabie equipped with point gauges weore

mtounved on the reils as shown in fgwee (1),
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Four  groups  of weir models werg
menufactured from @ large sheet of perspex
of 4mm thickness. The first and second
groups  were of single cyeles having
concave and convex shapes, respectively
and a curvature radius of 15cm. The third
and fourth groups were of double cyeles
and convex  shape
respectively and curvature radius of 7.5cm.

In each group, the weir height was varied

having concave

four times 10em, 7.5em, Sem andZ Scn.
The edpe of each weir model was sharp-
crested  with 2 thickness of 2mm. Details of
the tested weir models are shown in figure.
{2) and rable (13,

All weir models were fixed at s distance
the channel outlet
section and the discharges were measyred
with a standard full width, thin- plate sharp-
crested rectangular weir of 35cm heipht,
located 2.5m downstream the channel inlet
This
manufactured according to British standard
(British standard institutions 1965), the

hy was meawured at

1.5m upstream lrom

gection. slandard  weir  was

upsitearn  How
location of 4h; upstream of the weir and the
downstream  flew  head by was measigred

below cape wrbilence |

Discussion of Results

{-¥ariation of { with h=/hy

For flow over the semicirewlar
weirs discherge () under submerped

conditivns can be  obiained by the
imtroduction  of the  drowned  flow
reduction factor f=qulg, which is the ratio
submerged flow
conditions to the free flow discharge that
wouid have passed upstream total hoad
by Figure {3) and figure. (4} show the
variation of the drowned flow reduction
faeter £ with hy'h, for convex submerged

of discharge under

welr  and concave submerped  weir
respectively, for vanious wvalues of p, bt
is observed thar the drowed flow reduction
factor (f) for submergence predict with

Maves {15949).

2-Verification of theoretical sy bmerged
flow equation;

The coefficient of discharge Cd
for various upstream and downsmemm
heads and corresponding discharges were
calculated using equatiom (3), for each of
the weir tested figere (53 and figure (8)
show a plot of evefficient of discharge Cd
versus the ratio of upstream head and crest
height (h/p) for convex and concave
weirs, respectively, Regression analysis
was parformed to correlate the Cd, hip
and TWp values, Equations of the
following forms is found ko be the best fit

cunvex and concave weits Tospectively:
Cdmo 683 y0o B yoin el
P F

with a comelation coefficient = 0,75,



gca=p.eota o Kypne gy
B r

with a correlation coafficient = 0,738,

Conclusion
From the experimental resulis of this

study, the following conclusions can be
drown:

1-The droewned flow reduction factor f

decrease with the incresse of the value of
hohy; and weirs of small heights pive
small reduction faclor at a constant valus
of b,

2-Two general expreasion were obtained for

the eatimation of Cd with respect to both
relative upatream head hi'p and relative
weir radins, R'p; one for single and
dovble cycle comvex weir, while the
other for single and double cycle comvex

welrs,

3-For constant values of relative weir radius

E/p the discharge roefflcient Cd increase
with the increase of relative upsteam
head hy/p for constant values of h.
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TFable 1: Details of the submerged weir models testod.

: Radius

Group Mo, | Noe. .Uf %o, of i Cfest
fnd shape of | weir eyele Tun Na, ndal height
weir model | model Riem) p Lem}

i 1 1-6 15 2.5

1 2 1 =12 15 5.0

concave 3 | 13-18 15 1.5

4 1 19-24 15 10

I 1 25330 15 2.5

2 ? 1 3134 15 54

COMYex 3 | 742 15 7.5

4 1 43-48 15 10

1 2 49-54 7.3 2.5

3 2 2 5560 T35 5.0

CONCEYE 3 2 6166 7.5 7.5

4 2 &7-72 1.5 10

1 2 T3-TR 1.5 2.5

4 2 2 1084 15 5n

Comvex 3 2 £5-90 7.5 7.5

4 2 01-95 15 1)
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