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Introduction

Flow control and regulation of water levels in irrigation canals are critical to improving the
distribution network’s performance, water transfer, and ease of operation of the intakes. Therefore, the
network needs to improve the existing control and regulation structures and construct the new structures
(Monem and Hosseinzadeh, 2012). Today, various spillways and gates have been used as control and
regulation structures in water transmission networks. Elliptical LOPAC gates are a particular type of gate
that researchers have considered in recent decades due to their convenient advantages (Pilbala et al.,
2021). Studies have been limited so far, so in this study, the hydraulic performance of this type of gate
with the presence of gradual inlet transition has been investigated both experimentally and numerically.
Research on Lopac gates indicates that studies have been performed on hydraulics, mainly in a sudden
contraction or full-width gates in the laboratory flume. However, in many cases, the width of the gate
needs to be less than the width of the channel, and an inlet transition is necessary to reduce the energy
loss. Therefore, a parabolic transition was used in this study, and in particular, the effect of the parabolic
transition upstream of the elliptical Lopac gate on the hydraulic conditions was investigated using Flow-
3D software.

Methodology

This study uses the results of 9 experiments performed by Shafai Bajestan et al. (2020) to calibrate the
numerical model. The numerical model was simulated using the data of these experiments. This
simulation used three turbulence models, RNG, K-¢, and LES, and the LES turbulence model with the
lowest error was selected for further investigation. To investigate the effect of parabolic inlet transition,
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five models of parabolic shape transitions were tested. A non-transition case was considered a control
experiment to compare the result. Three different parabolic transitions were simulated at three other flow
discharges and three separate openings. The flow rate and energy drop across the gate were calculated in
each experiment. Total number 45 Simulation was performed with different variables. The dimensional
analysis was conducted to find the best relation between the desired non-dimensional parameters shown
in Egs. (1) and (2) using the  Buckinham's theory.

In these equations, R; is the transition radius (fixed in this study, equal to 15 cm), R, is the
longitudinal radius of upward parabolic, Bg is the elliptical Lopac gate opening, B is the width of the
flume, C, is the flow coefficient, and Y, and Y, are the upstream and downstream flow depths,
respectively. AE and E; are also energy loss and the upstream energy, respectively.

B, R,
C,=f(-Z, =
= hCg )

1)
aE_ B R
5=l (2)
Findings

The numerical simulation results showed that with increasing the ratio R, / Ry, the discharge
coefficient increases in all experiments, and it was observed that with increasing the relative opening of
the gate, the discharge coefficient also increases. By placing a gradual parabolic transition with minimum
elongation at 25, 35, and 45 liters per second flow rates compared to non-conversion conditions, the flow
rate coefficient is at least 6, 6.4, and 7.2% will increase. To study the same trend in different openings, it
was observed that for relative openings of 0.41, 0.45, and 0.49, the discharge coefficient increased by at
least 8.9, 5.7, and 5%, respectively. Then the flow rate coefficient in the minimum and maximum
elongation at different flows and openings were compared and evaluated. The results showed that with an
increase in relative elongation from 0.33 to 1.67 at 25, 35, and 45 liters per second, respectively, an
average increase of 21.5, 13.4, and 11.5 percent occurred. In the end, the discharge coefficient in non-
transition mode and the transition with maximum elongation were compared. It was observed that the
maximum increase of discharge coefficient occurred by 24% in the test with flow discharge of 35 I/s and
relative opening of 0.41.

Studies have shown that the relative energy loss will decrease with increasing the R2/R1, and this
trend was observed for all discharges and all gate opening ratios. It was also observed that the relative
energy loss would decrease with increasing the relative opening of the elliptical Lopac gate. At a flow rate
of 25 liters per second and a relative opening of 0.41, the highest R2/R1 reduces the relative energy loss
by 27.7% compared to the case without gradual conversion.

With the help of numerical model output and TEC plot software, streamlines were plotted for all
experiments. The results showed that in the non-transition state, a horizontal vortex forms on both sides
upstream and downstream of the gate. While in the presence of gradual parabolic transition, this vortex is
not formed and the flow lines are transmitted to the gate without separation from the walls. In addition,
the downstream, in conditions without gradual transition, vortices are formed on both sides of the outlet
flow of the gate and for a relatively long length. The main reason is the sudden concentration and
compression of the flow lines upstream and their passage through the gate, which by increasing the width
of the gate upstream to a great distance, the flow lines cannot return to the walls. As a result of this
separation, a relatively long horizontal pattern is formed downstream. While in the case of gradual
parabolic transition, the downstream streamlines reach the walls at a shorter distance, and the separation
zone area is reduced, which certainly results in the strength of the horizontal vortex decreasing; so the
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energy loss decreases and causes the discharge coefficient to increase. Therefore, gradual transition
causes uniformity in flow passing through the gate.
Conclusion

Elliptical Lopac gates are a particular type of Lopac gates that researchers have recently considered. In
this research, using Flow-3D software, the presence of gradual parabolic transformation upstream of this
gate was simulated. The experiments were performed in two modes without gradual conversion and also
with the presence of parabolic gradual conversion. The results showed that after the gradual parabolic
transformation is located upstream of the elliptical Lopac gates, the flow vectors enter the gate with less
curvature and fracture, and the number and size of vortices generated downstream of the gate are reduced.
Therefore, the discharge coefficient increases and the energy loss also decreases due to the mentioned
changes. So with the gradual parabolic transformation located above the elliptical Lopac gate, the relative
energy loss decreased by 27.7%, and the discharge coefficient increased by 24%.
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Table 1- Values of statistical indicators

Model

RMSE
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k-e
LES

7.69
7.11
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Fig. 3- (a) Longitudinal profile of the flow through the Lopac gate, (b) View from above the stream
passing through the Lopac gate

(Sl 0 31 S Ol SV 3w (D) L Sele a0 3T Ol 2 s (Jeb e i(2) T KL

G ol 50 oolaiwl 3yg0 (S golsl polio -V Jau
Table 2 - The values of the parameters used in this research

Q(Lit/Sec) B (cm) By(cm) Ri(cm) R,(cm)
0
25 0.33
5
10
35 80 0.36 15
15
20
45 0.39
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