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Introduction

Despite the development and construction of advanced equipment for measuring discharge in canals,
sharp crested weirs are always used in irrigation and water supply networks due to their simplicity in
operation and low cost. Extensive research has been done to obtain the discharge calculation relationship in
all types of sharp crested weirs. To increase the efficiency and accuracy of weirs, researchers have
performed various researches by applying various changes in the geometry of sharp crested weirs, such as
Borghei et al. 2003, lgathinathane et al. 2007, Nicosia et al. 2019, Vatankhah and Khamisabadi 2019,
Diwedar et al. 2022, Zeinivand et al. 2024 and other researches. Flow calculation relationships using
triangular sharp crested weirs have been developed for the special conditions of installing these weirs, one
of these conditions is the location of the vertex of the weir at a certain height from the bottom of the canal
(P>0). In this research, a 90 degree triangular sharp crested weir was installed in the canal so that the vertex
of the weir be the same level with the bottom of the canal in the central axis (P=0). To find the flow
calculation relationship, several experiments were carried out in free and submerged conditions in 2 canals
with different floor width.

Methodology

The modified head-discharge equation for triangular sharp crested weir proposed by Kindsvater and
Carter (1957) (Eq. 1) was the basis for conducting experiments and arriving at the discharge calculation
relationships in free flow conditions.

Q = CqQtheo. 1)
8 0
Quieo. = 7e/29Tan (5) HE%, (He = H + Ky @

In the above equations, Q = flow rate, He = effective height of water on vertex of the weir, g =
acceleration of gravity, 8 = angle of the weir vertex, Cq = discharge coefficient, which is affected by the
geometry of the weir, H = water height on the vertex of weir and K, = a quantity that depends on the
characteristics of the fluid and the angle of the vertex of weir, and its value is presented in a graph for water
at a temperature of 5 to 30 degrees Celsius.

In submerged flow conditions, following functional equations were based for conducting experiments
and arriving at the discharge calculation equations.

3—;=f(:—}9) (3)
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A (4)

Where H; and H> = flow depth in the upstream and downstream of the weir respectively, Qs =
submerged flow rate, Qr = free flow rate per Hi.

10 experiments in free flow and 77 experiments in submerged flow conditions conducted in a flume
with a length of 3, width of 0.2 and height of 0.2 meters with an adjustable floor slope in the hydraulic
laboratory. To verify the obtained results, all the experiments were repeated again in another flume with a
floor width of 25 cm.

Results and Discussion

Based on equation 1 and experiments in the canal with floor width of 20 cm, the variation of the
measured flow (Q) with the theoretical flow (Qtneo.) is shown in Figure 1-a. In order to check the accuracy
of the obtained graph and equation, all the experiments were repeated by installing another 90° triangular
sharp crested weir in another flume (with a floor width of 25 cm). Based on the these experiments
(validation tests), the value of Cq coefficients were obtained as 0.6602 (Fig.1-b), same as fig. 1-a, (Fig.1-
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Fig. 1- variation of the measured flow (Q) with the theoretical flow (Qtheo.), &, in canal with floor width of 20 cm b, in
canal with floor width of 25cm

Also based on Eq. 3 and 4, the following equations are obtained to discharge calculation under the
submerged flow conditions.

H. — H.\01574 5
% = 1.1218( L 2) R% = 0.9672 ©)
f 1
H. — H\01574
&5 = 0.67( 1H 2) ooooooe R?2 = 09673 ©)
v gH; 1
Conclusions

In this research, a 90 degree triangular sharp crested weir was installed in the flume so that the vertex
of the weir be the same level with the bottom of the channel in the central axis. After conducting several
tests in the canal with a floor width of 20 cm, the relationships for calculating the discharge under free and
submerged flow conditions were obtained based on dimensional analysis and the general relationship for
calculating the discharge in triangular sharp crested weirs. In order to check the accuracy of the obtained
relationships and verify them, experiments were carried out in another laboratory channel with a floor
width of 25 cm (both in free flow and submerged flow conditions). The accuracy of the obtained
relationships was evaluated using statistical functions of mean absolute value of relative error (MARE) and
root mean square error (RMSE) for both channels. Results indicate the high accuracy of discharge
calculation relationships both in free flow and submerged flow conditions. Based on the obtained
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results,both in free flow and submerged flow conditions, the flow permeability of triangular sharp crested
weirs with P=0 is higher than weirs with P>0.
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Table 1- Upper and lower limit of required parameters in experiments

8(°) solyly a3l b= SR b >
Parameter Free Flow Submerged Flow
H/B Q/(gH15%)%® H/B  Q/(gH:%)?% Ha/H1
Yi 2>
o 0.25 0.498 0.23 0.23 0.6
lower limit
90
ozt . 1 0.532 0.47 0.52 0.99
Upper limit

1 Mean Absolute Relative Error
2 Root Mean Square Error
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Fig. 1- flume with a floor width of 20 cm during testing. a; Free flow b; submerged flow

Fig. 2- flume with a floor width of 25 cm during testing
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Fig. 3- The results of the experiments in the canal with a floor width of 20 cm. a; variations of the measured discharge
(Q) vs. the theoretical discharge (Qtweo.) b; variations of the He?® vs. the measured discharge (Q)
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Table 2- The values of the MARE and RMSE statistical functions in calculating the discharge based on the obtained
relationships
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