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ABSTRACT

The h.1r6i1aulic characteristics of c,vlindrical weirs under fi-ee

flow conditions were studied experimentally in order to
investigate the discharge coefficient (Ca) and the influence of
sofire significar-rt factors and perforlrrance of u,eirs for discharge

measuring.

The experimental tests v,rere carried out on three n-rodels of
weirs in rvhich the diameter of weir (D) was varied three times

as: 8.0, 10.0 and 12.0 cm. For each model, a series ol
measurements were taken to rneasure coefficients of discharge.

Results showed that the coefficient of discharge (Ca)

increase with increasing the ratio of head to u,eir diamerer (hiD),

ar-rd for the same ratio (h/D),the discharge coefficient (Ca)

increases with increasing weir diameter.
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I\OTATIOI\S

The fo1lou'irrg symbols are used in this paper:

C . : T-\io^Lo*^o f no{frnio-f nf -rrair
v(.1

g : Gravitational acceleration

h : Head over weir

L : Channel width

D : Weir diameter: weir height (p)

q: Discharge per unit u,idth

Q"ct: Actual discharge

Qth"o: Theoretical weir discharge

R: Radius of weir

Re = Reynolds number

p : Mass densitl

i-i 
,. Di iler;ric '. ;scositi'

II\TRODUCTIOI'{
Weir is one of the oldest, simplest and lnost reliable

structure that can be used for many purposes t'1. Th. weir may be

defined as an overflorv structure built among which to measure

the discharge across a river or open channel.

Weirs can be classified according to shape and thickness. In the

present study, laboratory experiments \vere carried out to

establish the coefficient of discharge (Ca) for cylindrical weirs

.E
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and find their efficiencY'

advantages 
[2] :-

The circular weirs have the foilowing

.l-The sirln]icitv of rlesign anr] the ?.Ssoci?-ted lo.,',,er ccst

compared with ogee-crested weir'

2-Circular weir permits larger discharge capacity than broad and

sharP crested weirs'

3 -Stable overfl ow Pattern'

4-Ease to Pass floating debris'

Anexperimentaltestswerepresentedforthepresentstudy

inwhicilmanyexperinrentalresultswereobtained.Theseresults

are very usefui for the design and construction of this type of

weir.

Therewelemanystudiesandresearchesdealingwith

cylir-rdrical ,circular and semi- circular weirs , the most important

of thern are :-

chanson t2l studied the eff-ects of inflow conditions on the

behavioi of cylindrical 'weir. Laboratoly expel'iments werc carried

outoneightcylindricalweirs-sizesrangedfrom0.02gm<R<

0. 1 17m.

Results obtained fiom this research for cylindrical rveir are

as the ernPirical formulas:

For partiallY develoPed flow

+
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ca: 1 .12616 (h/R) o'*" (1) (0.3s<h/R<3.5)

rl^-- c,-rl-. J^--^1^-^^J {1 ^---I Lfl I Lrrr) Lr\- v L,ILrPUlr rru VV

ca : 1.1854 (h/R) t' "t* (2) (0.4s<h/R<1.9)

Where:

h : head over w'eir.

R. :cr-rrvature radirls of weir crest

C6: discharge coeffi cient

Haveen M, Rashid t3l used semi-circular and circular

models. iaboratory experitnents carried out on three circular and

semi-cilcular in which the radius was varied three times:

(3.0,4.0.and 5.0crn).

Results obtained frorn this research were:

For circular For semi-circular

Q_: 0.242-1.534 lls

h: 1.4-4.41 cm

h/R: 0.28-1.373

C,1: 0.996- 1 .3 1

Q, 0.197 -1.48411s

h: 1.31-4.4 cm

h/R: 0.262-1.36

C,1: 0.896-1.305

Rokaia A.H.A1-Ti1ffiryt1l stuclied the characteristics of flow over

the semi-circular crested rectangular weirs under free flow
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condition. Laboratory experiments were carried out on nine

models in which the crest radius (R) was varied tlrree times as :

0.5.0.75 and l-Ocur

Result obtained from this research were:

Q: 0.4-2.657 lls

h: 1.88-6.07 cm

hlp: o.235-0.759

R/p: .063 -0.125

Ca: 0.996-1.31

Wl-rere:

P:Height of weir

The range of dirnensional and hydraulic limitations which

used in the Present studY are:-

Discharge (Q): 0.i93 - 1'889 1/sec

h: L.37 - 4.94 cm

h/D: 0' 114 - 0.53 B

Where:

D: Diameter of u'eir: Eieight of weir'

Q: measured discharge'

t-
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EXPERIMENTAL WORK AI\D EQLTIPMENTS

The experimental work was carried out in a flume having a

worl<ins lenqth of 6 m witl-r cross section J.6 cn wide and 25 cm

heigirt. Tire side walis of titis fluine made f;oiri toughened glass

with perspex paneis in corporate. The bed was made from steel

and suppofied to a fiame in order to permit accurate alignment.

Water was supplied to the channel by an electrically driven

centrifugal pump. The flume was ecluipped with a downstream

storage tank frorn wlrich the water was draw'n by the pump

through a return pipe of 5 cm in diameter. A view of this flume is

shown in fig. (1).

The laboratory experiments were carried out on three

cylindrical models of three different diameters,( 8, 10, 12 cm ) ,

the models are made of well-varnished wood in order to have a

smooth surfaces.

The model is fixed and sealed properly by an adhesive

material" The discharge of the pump was regulated by using two

valves in the operating system. For each of the three models a set

of 10 tests were calried out, measurements were taken after a

steady state is insured. In the experimental program, the

following aspects of flow were investigated:

I -Measuring the water head over the weir (h) in order to compute

tlre theoretical discharge (Qu,.o ) by using (Q,n.o -2873 r/Zg 1r"

L;tzl.

F



Tikrit Journal of Eng. Sciences/Vol.13/No.1/March 2006

Where:

L: channel width

2-loieasi;lit,g ihe aciLial dischai.ge (Q^".). Tliruugir Lire weir by

using direct volumetric method.

+ Discharge Coefficient Calculation

The clischarge coefficient was tal(en as the ratio of actual

discharge to theoretical discharge, thus:

.{

88 (88-e6)
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- -(lLl\ . l- 

-

(),
- t|)ra

(3)

Where :

Q..,: actual discharge (rn3/sec;

Q16.o 
:theoretical discharge (rn3/sec)

Dimensional Analysis

Dimensional analysis [5'6] was carrieci our using

Buckingham's pi-theorem in order to achieve a rational

correlation for the different variables. It's consideration for the

present study was to arrive certain non-dirnensional grouping that

rnight be of significance to the problem.

A functional relationship for the characteristics of flow over
cylindrical u,eir can be expressed as:

l: 0, (h, D, g, p, p)

Where:

(4)
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q : discharge passing over the weir per unit width of the flume

(L3T-1L-1)

o : mass densitv of flowins Iiquid (ML t)

g : gravitational acceleration (LT'2)

p: dynamic viscosity of the flowing liquid (ML-lT-r)

o
"7 - v

The general relationship among all variables is

?r(q,h, D, g, p, LL):0

Perfonning dimensional analysis rvith q, h, and p as repeating

variables and by using the (pi-theoren,) , leading to the fact that

the variables can be classified in the following groups :

rt = Q,h, Pt, D

frz : 4,h, /l,g

Tt - Q,h, P. P

By dimensional analysis :-

o,=L ,,={ and /r1 -}L-t''Dgh'pqq

or in more convenient

Therefore eq.(5) becomes:

(5)

(6)
q' -o(L g\
gh, ".( l',,J

E
89
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Taking the square root of the left hand side and replacing qlv by

VD/v respectively, eq.(6) can be written as:

-J- = C , = o^( L.-")= o^( !.n )

^lsh" 
" 'lD v ) "\'tl ')

(90-96 t

the cylindrical

(7)

in which

Ca : The coefficient of discharge of f'lou, over

weir.

V: average velocity in approach channel

r,: kinematics viscosity of the following liquid

C, : oo[*,^.)

', = rr(*)

(8)

according to (Kindsvater and CarlertTl , Ackers et altll ), the

effects of Reynolds number can be neglected except at very low

heads. Thus eq.(8) can be written as

(e)

RESUI-TS AI{D DISCIJSSIOI{

Table (1) shows the range of (C6) values which were

resr-ilteC fronr tlie erperiment rvcrk cf this study for all mod,els.

Variation of C6 with h/D for cylindrical weirs

For cylindrical weir models, the relationships between the

discl-rarge coefficient (Co) and the ratio of a head over the weir to

the weir diarneter (h/D) for three different diar.neter (D), (8, 10,

{
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12 cm) \ /ere drawn as shown in Fig. (1). From this figure, trre
following results can be noticed:-

1-The coefficient of discitarge increases with increasins tl-re ratio

(h/D).

2-For the weirs with a same ratio ol (h/D), the coefficient of
discharge increases with increasing the diameter of the weir.

Variation of Q,.t. with Ca and h/D for cylindrical weirs

Fig. (2) was drawn to show tl-re reiation between actuai

discharge and coefficient of discharge for weir models under free

flow. Froru this Fig. it can be noticed that coefficient of clischarge

(C6) increases with increasing actual discharge (e..,) AIso, the

actual discharge increased with increasing tire diarneter of the

weir (D), for the same ratio h/D as shown in fig. (3) this mean

ihat the weir with large diameter have large dischai"ge capacity

than small diameter cyiindrical weir, consequently its

performance is better because with increase the diameter will

have best parallel stream iines

CONCLUSIOI{S

From the present study and it's limitations the followirrg

conclusions can be draw,n:

i-The discharge coefficient (co) increases with increasing

1il'D).'i'he range of C,1 is between (0.853- 1 . 
j1)
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2-For the same ratio (h/D), the coefficient of discharge (c6)

increases with increasing the diameter of cylindrical weir (D).
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Fig.(3) Variation of Q".t. with h/D for cylindrical weirs
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