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The enormous increase in cost for on–farm irrigation
development due to indiscriminate use of all available
water resources requires adoption of reasonable

accurate water measurement in the field channels. The major
problems encountered in measurement of discharges in field
channels are the need to reshape the channels where the
measurements have to be done and the errors in installation
and measurement. Most of these problems can be eliminated
by creating critical flow condition in these devises such as
semi-circular crested weirs. Comprehensive review of studies
dealing the simultaneous flow over weirs and below gates
can be found in (Chow, 1959) as reported in (Negm et al., 2002)
and El-Saiad et al. (1995) investigated the effect of the notch
angle of a triangular opening when it is used above and below
the rectangular opening, they found that a triangular above a
rectangular opening is more efficient than reversed. In Al-
Hamid et al. (1997) discussed the effect of hydraulic and
geometrical parameters on the combined discharge and
presented discharge equations for triangular weirs above

rectangular contracted gates and contracted rectangular weirs
above triangular gates. They proved that the prediction of
the combined discharge through the use of common discharge
coefficients produces significant errors. The characteristics
of the combined flow over the sharp – edged rectangular weir
and below the sharp – edged rectangular gate with
contractions was studied by (Negm et al., 2002), they
introduced a general dimensionless relationship for predicting
the discharge of the combined device. Recently, Hayawi et al.
(2009) investigated experimentally the free flow through a
combined hydraulic measuring device consists of rectangular
weir over a semi circular gate and pro-posed a model for
predicting the discharge co-efficient through it. Mahboubeh
et al. (2011) studied the effect of contraction on scouring in
downstream of combined flow over weirs and below gates
and various relationships characterizing the scour hole are
found on the basis of experimental results. Ismail (2012)
investigated the characteristics of the combined flow over
sharp crested trapezoidal weir and below rectangular sluice
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ABSTRACT : Critical flow in control sections prevents the downstream water level and flow conditions
from affecting the flow through the critical sections, and the discharge can be computed as a function of the
measured upstream head. Measurements of irrigation water flows in field channels have usually been
expensive, too often of questionable accuracy and otherwise difficult to apply to all field situations. The
techniques available in open channel hygrometry are the use of hydraulic structures (devices), velocity-area
methods, dilution techniques and slope-hydraulic radius and area methods. Considering the constraints in
the measurements of low discharges in open channels, hydraulic structure technique is best suited. Crest
height had been increased from 10 cm to 25 cm then the C

d
 values also decreased from 0.82 to 0.50 for

discharge decreased from 24 to 6 Ls-1 under free flow conditions. The co-efficient of discharge for the
different weirs under 60 per cent submergence conditions, if the increased crest height was from 10 cm to 25
cm then the C

d
 values also decreased from 0.75 to 0.43 for 24 to 6 Ls-1 discharge. Under 75 per cent

submergence conditions, if the increased crest height was from 10 cm to 25 cm then the C
d
 values also

decreased from 0.7 to 0.42 for discharge decreased from 24 to 6 Ls-1. Under 90 per cent submergence
conditions, if the increased crest height was from 10 cm to 25 cm then the C

d
 values also decreased from 0.69

to 0.42 for 24 to 6 Ls-1 discharge. For 24 Ls-1 discharge, the co-efficient of discharge has been decreased from
0.72 to 0.62 for increased submergence levels from 60 per cent to 90 per cent due to increase in contact
surface area and friction and less discharge have low velocity of approach.
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gate and studied the effect of the hydraulic and geometrical
parameters on the co-efficient of discharge and introduced
two equations to evaluate it. The channel contraction may be
formed either from the bottom or from the side contraction or
from both. During the past decades, numerous types (sharp
crested and broad crested) of flow measuring structures have
been designed whose characteristics meet modern demands
of accurate water measurement and regulation in water
resources management, particularly in irrigation schemes and
hydrological studies. The sharp crested weirs and broad
crested weirs have their own advantages, disadvantages and
limitations for use in specific field situations. Combining the
advantages of sharp crested weirs and broad crested weirs
and minimizing the disadvantages of both types of weirs, a
semi-circular bottom contraction weir has been selected and
used in the present study. The most effective way to obtain a
good understanding of the flow measuring structures is
providing the necessary basic principles and practical outlines
to select the most appropriate structure for specific demands
and to make the hydraulic design of a flow measuring structure.

 METHODOLOGY
The experiments were conducted in Fluid Mechanics and

Hydraulics Laboratory of College of Agricultural Engineering,

Bapatla and Hydraulic flume (Plate A) of 10 m long and 0.3 m
width with motorized bed slope alteration facility. Four semi-
circular bottom contraction critical flow weirs with different crest
heights (25 cm, 20 cm, 15 cm and 10 cm) have been developed
on the design of simple flume for flow measurement in open
channel proposed by Castro-Orgaz et al. (2008) (Fig. A) and
tested under free flow and three different submergence levels
(60, 75 and 90 %) with four different discharges (24 Ls-1, 18
Ls-1, 12 Ls-1 and 6 Ls-1).

Plate A : Hydraulic flume used for experimentation
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Fig. A : Isometric view of semi-circular weirs with different crest heights of 10, 15, 20 and 25 cm

Fig I : Crest height of weir 10 cm

Fig II : Crest height of weir 15 cm

Fig III : Crest height of weir 20 cm

Fig IV : Crest height of weir 25 cm
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These ranges were selected finally to use them in field
channels where discharges varied between 5 and 30 Ls-1. A
series of laboratory experiments were conducted to investigate
the effect of crest height, discharge and submergence
conditions. Starting with the free flow condition, the
submergence condition was increased gradually to 60 per cent
submergence, 75 per cent submergence and 90 per cent
submergence with the help of tailgate provided at the end of
the flume. The semi-circular bottom contracted were used and
replaced one after the other in the hydraulic flume by taking
all precautions in the installation of weirs. The occurrence
and location of critical depths in the throat section and their
suitability for water measurements under different
submergence condition studied.

Computation of critical depth :
Critical depth was calculated by using the following

equation :

2

2
3
c

gB

Q
Y 

where,
Y

c
 = critical depth, cm

Q = Discharge, Ls-1

g = acceleration due to gravity, ms-2

B = crest width, cm

Computation of co-efficient of discharge :
The following discharge equation was used to determine

the co-efficient of discharge (C
d
) value for different discharges

with different diameter of weirs.

2
3

d Hg2LC
3
2

Q 

2
3

KHQ 
where,

g2LC
3
2

K d

Q = Discharge rate, Ls-1

H= Upstream depth of flow, cm

 RESULTS AND DISCUSSION
The findings of the present study as well as relevant

discussion have been presented under following heads :

Variation of co-efficient of discharge (C
d
) :

The co-efficient of discharge for the different weirs under
free flow conditions, if the increased crest height was from 10
cm to 25 cm then the C

d
 values decreased from 0.82 to 0.72,

0.72 to 0.64, 0.6 to 0.56 and 0.53 to 0.50 for 24, 18, 12 and 6
Ls-1 discharges, respectively (Fig. 1) due to increase in contact
surface area and friction and less discharge had low velocity

of approach. The co-efficient of discharge for the different
weirs under 60 per cent submergence conditions (Table 1), if
the increased crest height was from 10 cm to 25 cm then the C

d

values also decreased from 0.75 to 0.66, 0.7 to 0.63, 0.58 to 0.55
and 0.49 to 0.43 for 24, 18, 12 and 6 Ls-1 discharges, respectively
(Fig. 2) due to increase in contact surface area and friction
and less discharge had low velocity of approach. The co-
efficient of discharge for the different weirs under 75 per cent
submergence conditions (Fig. 3), if the increased crest height

Fig. 1 : Variation of Cd with discharge and weir diameter
under free flow condition

Fig. 2 : Variation of Cd with discharge and weir diameter
under 60 per cent submerged condition

Fig. 3 : Variation of Cd with discharge and weir diameter
under 75 per cent submerged condition

CO-EFFICIENT OF DISCHARGE VARIATION FOR DIFFERENT SEMI-CIRCULAR WEIRS
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Table 1 : Cd values for different discharges of different sizes of weirs
Submerged conditions

Sizes of weirs Under free flow conditions
60 % 75 % 90 %

Q = 24 Ls-1

Weir I (Crest height 25 cm) 0.72 0.66 0.65 0.62

Weir II (Crest height 20 cm) 0.74 0.68 0.67 0.63

Weir III (Crest height 15 cm) 0.75 0.7 0.68 0.64

Weir IV (Crest height 10 cm) 0.82 0.75 0.7 0.69

Q = 18 Ls-1

Weir I (Crest height 25 cm) 0.64 0.63 0.61 0.58

Weir II (Crest height 20 cm) 0.65 0.64 0.62 0.6

Weir III (Crest height 15 cm) 0.67 0.67 0.64 0.61

Weir IV (Crest height 10 cm) 0.72 0.7 0.68 0.61

Q = 12 Ls-1

Weir I (Crest height 25 cm) 0.56 0.55 0.51 0.5

Weir II (Crest height 20 cm) 0.57 0.56 0.54 0.52

Weir III (Crest height 15 cm) 0.57 0.56 0.55 0.53

Weir IV (Crest height 10 cm) 0.6 0.58 0.56 0.54

Q = 6 Ls-1

Weir I (Crest height 25 cm) 0.5 0.43 0.42 0.42

Weir II (Crest height 20 cm) 0.51 0.44 0.43 0.42

Weir III (Crest height 15 cm) 0.52 0.46 0.44 0.43

Weir IV (Crest height 10 cm) 0.53 0.49 0.49 0.46

Table 2 : Head-discharge relationships
Upstream crest referenced head ,cm

Submergence levelsWeir type Discharge (Ls-1)
Free flow

60 % 75 % 90 %

24 11.19 11.94 12.04 Not recommended

18 10.01 10.14 10.44 Not recommended

12 8.33 8.47 8.93 Not recommended

Weir-I

(Crest height, 25 cm)

6 5.71 6.34 6.43 Not recommended

24 11.01 11.71 11.81 Not recommended

18 9.91 9.91 10.30 Not recommended

12 8.31 8.41 8.61 Not recommended

Weir-II (Crest height, 20

cm)

6 5.61 6.21 6.31 Not recommended

24 10.91 11.41 11.68 Not recommended

18 9.71 9.81 10.01 Not recommended

12 8.29 8.41 8.51 Not recommended

Weir-III (Crest height, 15

cm)

6 5.57 6.01 Not recommended Not recommended

24 10.30 10.91 11.41 Not recommended

18 9.31 9.41 9.61 Not recommended

12 8.01 8.21 8.41 Not recommended

Weir-IV (Crest height, 10

cm)

6 5.46 5.81 Not recommended Not recommended
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was from 10 cm to 25 cm then the C
d
 values also decreased

from 0.7 to 0.65, 0.68 to 0.61, 0.56 to 0.51 and 0.49 to 0.42 for 24,
18, 12 and 6 Ls-1 discharges, respectively.

The co-efficient of discharge for the different weirs under
90 per cent submergence conditions (Fig. 4), if the increased
crest height was from 10 cm to 25 cm then the C

d
 values also

decreased from 0.69 to 0.62, 0.61 to 0.58, 0.54 to 0.50 and 0.46
to 0.42 for 24, 18, 12 and 6 Ls-1discharges, respectively. For 24
Ls-1 discharge, the co-efficient of discharge decreased from
0.72 to 0.62 for increased submergence levels from 60 per cent
to 90 per cent.

these weirs will be best suited to higher discharges
(10 to 25 Ls-1) in the range tested.

– The co-efficient of discharge was found to increase
with increase in discharges. It can be concluded that
these weirs will be best suited to higher discharges
(10 to 25 Ls-1) in the range tested. The co-efficient of
discharge was found to increase with decrease in
crest height and submergence levels.
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Fig. 4 : Variation of Cd with discharge and weir diameter
under 90 per cent submerged condition

CO-EFFICIENT OF DISCHARGE VARIATION FOR DIFFERENT SEMI-CIRCULAR WEIRS

Head- discharge relationships for the weirs :
All weirs have found to possess critical section at the

throat section under 90 per cent submergence levels (Samani
et al., 1991), they can be used for water measurement. Weir-III
and Weir-IV models (Table 2) have also found to be sensitive
towards submergence of 75 per cent and above for the lowest
discharge of 6 Ls-1.

Since a unique head-discharge relationship exists under
critical flow conditions, these relationships provide an easy
means of determination of discharge.

Conclusion :
– The co-efficients of discharge have been computed

for each type of weir. They varied between 0.42 and
0.82 for different conditions of discharge, crest
height and submergence.

– The head-discharge relationships developed for the
weirs can be used for determination of discharges
with a single and simple measurement of upstream
head. These relationships will be unique since the
critical conditions existed within the throat section
except at for 90 per cent submergence. This provides
an easy method of computation of discharges.

– The co-efficient of discharge was found to increase
with increase in discharges. It can be concluded that
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