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1. Introduction

Due to the water shortage in developing countries, increasing the hydraulic performance and increasing the
efficiency of water distribution in irrigation networks is necessary. One of the strategies for improving the
efficiency of agricultural water productivity is increasing the accuracy of discharge measurement and
controlling the water level. Gates are needed in order to control the amount of water released from dams and
for regulating the water level in irrigation networks. There are different types of gates, and the most common
types of gates are sluice gates and radial gates. Gates are used widely in irrigation networks; therefore choosing
small dimensions for the gates can reduce the channel costs. One of the ways for reducing the dimensions of
the gate is to create a sill at the bottom of the canal and install the gate on the sill, so the design height of the
gate is reduced and it's economically affordable. Estimation of the discharge coefficient of the gate and
consequently the amount of flow is one of the most important issues in hydraulic. The coefficient of discharge
for free flow radial gates without the sill depends on the upstream water level and the gate opening (Bos, 1989).
The objective of this paper is to investigate the effect of characteristics of sill such as the shape, height and
location on the discharge coefficient for free flow radial gates. To achieve this goal, first, the Flow-3D model’s
output results for simulation of flow passing through a radial gate are validated using the experimental data
and then the effect of the sill on the flow passing through a gate is examined.

2. Methodology
2.1. Flow-3D Model

According to the development of computer facilities, as well as providing robust software in the field of
computational fluid dynamics, it is possible to study complex flow using numerical simulation. Among the
software that can be used by considering characteristics such as; speed, optimum accuracy and simple mesh
building, the Flow-3D software has been chosen for this research. This model has been developed by the Flow
Science Company in 1980 and is very much popular among the users, one of the reasons for this models
popularity is its great graphical results. This software solves the 3D transient Navier-Stokes equations with
finite volume approximations. This program evaluates the location of the flow obstacles and rigid boundaries
by FAVOR technique and tracks the free flow surface by VOF technique. The flow region is divided into cubic
cells, and for each cell there are mean values of dependent quantities (Flow Science, 2014).

2.2. Experimental Investigation

In this paper, Buyalski’s (1983) experimental data were used for evaluating the accuracy of the Flow-3D
model results. The experiments were conducted in a rectangular laboratory flume with 11.58 m length and
0.762 m width. Seven different gate openings and three different gate lip seal configurations were used in the
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model studies. In the presented research, the radius of the gate is 0.702m, the gate openings are 4 and 8.1 cm,
and the trunnion-pin height is 0.409 m.

3. Results and discussion
3.1. Validity of the Flow-3D Model Results

After constructing of the mesh and applying the boundary conditions for the selected experiments, the
Flow-3D model was run, and the water depth was calculated. Then the discharge coefficient was determined.
The observed and calculated water depth and discharge coefficients for the free flow radial gate are shown in
Fig 1.
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Fig. 1. Observed and calculated water depth and discharge coefficients regarding Buyalski’s experiments

The water depth and gate’s discharge coefficient calculated by the Flow-3D model is very close to the observed
data. The maximum relative errors of the numerical model in estimating the discharge coefficient and water
depth are 3% and 5% respectively, which are suitable for predicting the characteristics of flow passing through
a gate.

3.2. The Effect of the Sill Height under the radial Gate on the Discharge Coefficient

In this research two different sill shapes (rectangular and semicircular) with 6 different heights (P=2, 4, 6,
8, 10, 12 cm) were used. The Rectangular sill length was 16 cm, and the gate opening was considered 4 cm. The
gate was located on the head of the semicircular sill and at a distance of 4 cm from the beginning of the
rectangular sill. After simulation for different discharges, the water depth upstream of the gate and the radial
gate’s discharge coefficient were calculated. The effects of the rectangular and semicircular sill’s height on the
radial gate’s discharge coefficient are shown in Fig 2.
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Fig. 2. The effects of the rectangular and semicircular sill's height on the radial gate’s discharge coefficient
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This figure shows that the radial gate’s discharge coefficient in the condition with sill is higher than the
condition without sill. Fig. 2 also shows that sill height has an important effect on Cd values, as the sill height
increase, the discharge coefficient for free flow sluice gates increase until a specific height is got, then Cd values
start decreasing. The tested rectangular and semicircular sill of 8cm gave the highest discharge coefficient.

3.3. The Effect of the Installation Location of the radial Gate on the Rectangular Sill on the Discharge
Coefficient

The installation location of the radial gate relative to the beginning of the rectangular sill is one of the factors
that affect the gate’s discharge coefficient. In this research, the gate’s discharge coefficient is calculated in the
condition where the rectangular sill’s height is 8cm, and the installation location of the gate relative to the
beginning of the sill is 4, 8, and 12cm, and the results are shown in Fig 3.
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Fig. 3. The effect of the installation location of the radial gate relative to the rectangular sill on the discharge coefficient.

By increasing the distance of the gate’s installation location relative to the beginning of the sill, the radial
gate’s discharge coefficient decreases, therefore the effect of the rectangular sill on the discharge coefficient
reductions. For a discharge of 62.35 lit/s, if the radial gate is installed in a distance of 4 and 12cm from the
beginning of the sill, the discharge coefficient increases 4.5% and 2.1% relatively compared to the condition
without sill.

4. Conclusions

In this research, the effect of the sill on the radial gate’s discharge coefficient in free flow condition has been
studied. Therefore, evaluation of the effect of the height, location, and shape of the sill has been considered. The
results indicate that creating a sill under the gate increases the discharge coefficient; also the semicircular sill
increases the radial gate’s discharge coefficient more than the rectangular sill. One of the variables that affect
the gate’s discharge coefficient is the ratio of the sill height to the gate opening (P/w), the maximum radial gate
discharge coefficients for rectangular and semicircular sills is in P/w equal to 2, where in this case the sluice
gate’s coefficient increases 2.7% and 13.3% respectively. Another factor that affects the radial gate with a
rectangular sill's discharge coefficient is the installation location of the gate relative to the beginning of the sill.
By increasing the distance of the gate relative to the beginning of the sill, the discharge coefficient starts to
decrease. In other words, the effect of the sill on the discharge coefficient diminutions.
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