Environ. Water Eng., 2022, 8(3), 711-725 DOI: 10.22034/JEWE.2022.321259.1700

Environment and Water Engineering

L
" Homepage: Www.jewe.ir S
EWE pag J h
ISSN: 2476-3683

Research Paper

Numerical Investigation on Effective Parameters on Hydraulic Flows
in a Sluice Gate with Sill on Free-Flow Condition

Rasoul Daneshfaraz!, Reza Norouzi?*, Parisa Ebadzadeh® and Hamid Reza
Abbaszadeh?®

Professor, Department of Civil Engineering, Faculty of Engineering, University of Maragheh,
Maragheh, Iran

2PhD Alumni, Department of Water Engineering, Faculty of Agriculture, University of Tabriz,
Tabriz, Iran

3M.Sc. Student, Department of Civil Engineering, Faculty of Engineering, University of Maragheh,
Maragheh, Iran

Article information Abstract

Received: July 17, 2021
Revised: October 24, 2021
Accepted: October 25, 2021

The presence of a sill under the sluice gate is one of the solutions to control
the flow rate. This study was conducted to numerically investigate the

K_eywords. L discharge coefficient (Cgq) of sluice gates with different heights and widths of
Discharge Coefficient sills in free flow conditions. The simulations were performed using FLOW-
Flow Pattern 3D software. Results show that Cq4 increases as the gate opening decreases.
Flow Pressure Also, results showed that reducing the gate opening from 5 cm to 2 cm
Flow Velocity increases the Cq in the gate with sill by 9% compared to the non-sill gate.
FLOW-3D Discharge coefficients with 1 cm and 4 cm sills, compared to the non-sill

condition were estimated at 1.5% and 18%, respectively. Examination of sill
*Corresponding author: width changes showed that decreasing the width reduces the discharge

rezanorouzil992@tabrizu.ac.ir ~ coefficient by reducing the amount of velocity and flow pressure along the
sill sides. The effects of three parameters of the gate opening, sill height, and

E';ﬂ (] sill width were compared. The results showed that increasing the sill width
'E} compared to the two mentioned parameters has the maximum increase in the
1,5 Ca.
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Introduction sluice gate. One of the solutions to increase
control structures that are used to regulate Under the gate. So that by studying the sills
and distribute flow in irrigation canals. One More, methods can be adopted to increase the
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recent years, the effect of sills with different
geometric shapes has been studied by
researchers to select the appropriate sill to
increase the discharge coefficient of sluice
gates. Investigation of the dimensions of the
sill is one of the issues affecting the flow
discharge coefficient. In this study, the sill
dimensions including height and sill width
were investigated and simulated. Using sills
at different heights and widths have a distinct
effect on the discharge coefficient. Because
the sill reduces the effective width of the
channel. The cross-section under the sluice
gate will be different with the use of sills in
different dimensions.

Material and Methods

In the present study, the simulations were
performed using FLOW-3D software edition
11 (Ver. 2). The results of numerical data are
validated with the experimental results of
Alhamid (1999), and the conditions without
sill were used. The experiments were
performed on a 9.45 m long and 30.5cm
wide flume. A symmetry (S) boundary
condition was used for the upper boundary,
specific discharge (Q) was used for the input
flow, and outlet (O) conditions for flow for
the downstream boundary. Wall (W)
boundary conditions were used for the bed
and sidewalls. To compare numerical and
experimental values, the statistical indices of
absolute error percentage (AE) and relative
error percentage (RE) were used. To reduce
the error in selecting the appropriate mesh,
the cell size was gradually reduced. The
results showed that the error rate in 0.06 cm
was acceptable. To ensure the results, a cell
size of 0.05 cm was also evaluated. In this
case, the error value was calculated close to
the previous case. In order to find the best
turbulence  model, calculations  were
performed using three turbulence models
RNG, o-k, and k-g, then the results of
turbulence models were compared with
experimental results. RNG model, due to low
values of relative error percentage and
absolute error percentage were selected to
continue the simulations, To calibrate the
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numerical model, flow discharge coefficient
at five different discharges were used.
Finally, results were compared with
experimental data. A total of 85 models were
designed in states for simulations. Thus, in
the first case, by keeping the constant value
for the sill height, the effect of gate opening
of 2 to 5 cm on the discharge coefficient was
studied. In the next case, with the constant
value for gate opening, the sill was installed
at four heights of 1, 2, 3, and 4 cm below the
gate, and in the third case, the discharge
coefficient with the sill was examined in the
widths of 15.5, 20.5, 25.5 and 30.5 cm
evaluated. The discharge range varied from
0.028 to 0.012 m¥s. Each experiment
involves measuring the water depth upstream
of the gate and calculating the discharge
coefficient of the sluice gate through Eqg. (1).
Q

Ca= G5 oam (1)
Results

The results of the numerical solution of the
present study were compared with the
experimental results of another research. The
value of the root of the mean square error
(RMSE) and correlation coefficient (R?)
were estimated to be 0.03 and 0.98,
respectively. The results of gate opening
changes showed that the reduction of
opening in two states without a sill and with
a sill affects the discharge coefficient. In
other words, the discharge coefficient
increases with decreasing opening. Finally,
the maximum discharge coefficient is for the
minimum opening, and with an increasing
opening from 2 cm to 5 cm, the discharge
coefficient decreases. The results showed
that at the highest opening (G = 5 cm), the
discharge coefficient with a sill of 1.35% and
the lowest opening (G = 2 cm), 9%
compared to the without sill state. The effect
of sill height on the discharge coefficient
showed that the presence of sill at all heights
increases the discharge coefficient of the
gate. Because the sill with the lowest height
has also increased the discharge coefficient
compared to the without sill state. Sill
placement at different widths showed that
reducing the sill width reduces the flow
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velocity adjacent to the flume walls. So that
the minimum velocity is related to the sill
with the lowest width and with increasing the
sill width, the values of longitudinal velocity
adjacent to the sill increase. Investigation of
the discharge coefficient at the sill with the
smallest width showed that this sill has the
minimum value of the discharge coefficient
between the sills. Because with increasing
width, the cross-section of the flow under the
gate decreases and as a result increases the
coefficient of flow.

Conclusions
The most important results of the present
study can be expressed as follows:

1. Decrease in the rate of the gate opening, in
the without sill state, caused an increase in
the discharge coefficient of the sluice gate.
By placing the sill under the gate, the
discharge coefficient also increased with
decreasing gate opening.

2. The results of sill height changes showed
that the presence of the sill even with the
minimum height affects the performance of
the sluice gate, which means that it increases
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the discharge coefficient. The minimum and
maximum increase of discharge coefficient
at the sill with the height of 1 and 4 cm were
calculated 1 and 18% compared with the
without sill state, respectively.

3. Examination of sill discharge coefficient
with changes in sill width showed that the
discharge coefficient at the suppressed sill
has increased by 20% compared to the
without sill state. Because the sill with a
larger width reduces the cross-sectional area
of the flow and thus increases the discharge
coefficient.
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Table 2 Calibration of numerical model

Q (m3/s) Cd(exp) Cd(num) RE%
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Table 3- Physical characteristics of the present study (Sizes are in cm)
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