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Since the geometry of duck tip overflows will complicate the problem for
theoretical and practical purposes, it is crucial to study the magnification and
hydraulic change of flow on these overflows. In this study, the effect of these
changes on the hydraulic and hydrodynamic properties of the flow was
investigated by numerical simulation using FLOW3D software by changing
the overflow shape from linear to duck tip with magnifications 2 and 3.
Dimensional analysis extracted dimensionless ratios and the relationship
between variables in the experiments was determined. The results of
comparing the numerical model with the laboratory model showed that the
maximum error obtained from numerical simulation for the overflow
coefficient of overflows is 12%. The permeability coefficient in the linear
overflow with magnification 1 first had an increasing trend and then a
decreasing trend. From a relative head greater than 0.6, the permeability
coefficient was proved to be 0.7 for experimental data and 0.75 for simulation
data. In the overflow, with a magnification of 2 to a relative head of 0.4, there
was an increasing trend and from a relative head greater than 0.4, there was a
decreasing trend. In the overflow with magnification 3, the permeability
coefficient always decreases with increasing the relative head.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

to increase the discharge coefficient of sluice

Gates are one of the most important flow control
structures that are used to regulate and distribute
flow in irrigation canals. One of the most widely
used types of Gates is the sluice gate. One of the
solutions to increase the discharge of the sluice
gate is to use a sill under the gate. So that by
studying the sills more, methods can be adopted
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gates. In 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
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including height and sill width were investigated
and simulated.

Materials and Methods

In the present study, the simulations were
performed using FLOW-3D software edition 11
version 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 of 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. To find the
best turbulence model, calculations were
performed using three turbulences models RNG,
o-k, and k-g, then the results of turbulence
models were compared with experimental
results. RNG model, due to low the values of
relative error percentage and absolute error
percentage were selected to continue the
simulations, To calibrate the 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 3 models 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 md¥s. Each experiment involves
measuring the water depth upstream of the gate
and calculating the discharge coefficient of the
sluice gate through Eq. (1).

Q

C., =
d ™ GB J2gH

(1)

Results

The results of the numerical solution of the
present study were compared with the
experimental results of Alhamid (1999). 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 c¢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.
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Fig. 1 Changes in water level Vs. changes in discharge
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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 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. The changes in water
level were almost proportional to the changes in
discharge rate (Fig.1).

Conclusion
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
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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 the discharge
coefficient. The minimum and a maximum
increase of discharge coefficient at the sill with
the height of 1 and 4 cm were calculated at 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.

Data Availability
The data can be sent on request by the
corresponding author via email.
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