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EXPERIMENTAL AND NUMERICAL INVESTIGATION OF THE HYDRAULIC
PERFORMANCE OF A SQUARE ORIFICE BOTTOM INTAKE IN DIFFERENT
SUBCRITICAL CONDITIONS

Ali Mirnourollahi', Saeed Farzin?, Hojat Karami3, Mojtaba Ameri*

ABSTRACT

Bottom intakes are one of the most efficient water diversion structures in rivers that have the task of
transferring the flow to the collecting canal. The orifice bottom intake is used in the surface water
collection and diversion network to the turbine. In the present study, the effect of different parameters
of square orifice bottom intake including perforated plate longitudinal slope (S), opening area ratio
(A) and number of orifices (N) on the discharge coefficient and percentage of flow passing through
the perforated plate under different subcritical flow conditions in laboratory and numerical condition
investigated. The results showed that parameter A and S had the highest effect on P and C4. By
increasing A from 0.01 to 0.07, the percentage of flow passing through the perforated plate has
increased 7.58 times. Also, by decreasing the longitudinal slope by 10 degrees, the percentage of flow
passing through the perforated plate increased by 45.57%. Also the simulation results of this structure
in Flow-3D software showed that the value of P was inversely related to turbulence and pressure.

Keywords: Square Orifice Bottom Intake, Discharge Coefficient, Laboratory Modeling, subcritical flow,
Flow-3D.
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EXPERIMENTAL AND NUMERICAL INVESTIGATION OF THE
HYDRAULIC PERFORMANCE OF A SQUARE ORIFICE BOTTOM
INTAKE IN DIFFERENT SUBCRITICAL CONDITIONS

Ali Mirnourollahi', Saeed Farzin?, Hojat Karami?3, Mojtaba Ameri*

Introduction

Bottom intakes are one of the most efficient water diversion structures in rivers that have the task of
transferring flow to the collecting channel. The orifice bottom intake is used in the surface water
collection and diversion network to the turbine. (Righetti & Lanzoni, 2008) with a laboratory study on
bottom intake, provide an equation for the discharge coefficient. (Kumar et al., 2010) proposed the
coefficient of discharge of bottom intake under free and submerged flow conditions by studying the
bottom intake with the rectangular cross-sectional bar. (Bina & Saghi, 2017) investigated the bottom
intake experimentally by porous media and provided a formula for discharge coefficient of these types
of bottom intakes. They also found that the presence of sediments in the form of bed load in the
experiments of this study that reduced the discharge coefficient by 2.75% in comparison to the flow
have no sediment. By considering of numerical researches in the field of bottom intake (Castillo et al.,
2013), they studied numerically the bottom intake with using ANSYS software and found that the
simulation results were in good agreement with the laboratory results and this software shows a good
ability in simulation of such structures. (Aghamajidi & Heydari, 2014) Using Flow-3D software, they
investigated the performance of the bottom intake and declared the optimal longitudinal slope for this
type of intake. (Chan & Lee, 2018) By numerically modeling of the bottom intake with ANSYS
software, they investigated the supercritical flow for these structures. They found that the average air
concentration in the reservoir decreases with discharge increase.

Methodology

In this study, the effects of different parameters of square orifice bottom intake including perforated
plate longitudinal slope (S), opening area ratio (A) and number of orifices (N) on the discharge
coefficient and percentage of flow passing through the perforated plate under different subcritical flow
conditions in laboratory and numerical condition investigated. In order to perform experiments and
build a physical model, a channel with a metal frame and transparent glass walls with a length of 10
meters, a width of 0.6 meters and a height of 0.75 meters were used. To apply the desired slopes in the
experiments, the channel floor was lifted 0.3 m and a glass was placed at the bottom of the channel.
At a distance of 3.6 to 4.2 meters, the perforated plate was placed. The perforated plate material was
selected from PVC plates with a thickness of 8 mm. Figure (1) shows a schematic view of the
laboratory channel with its equipment.

1 M.Sc Student of Water Engineering and Hydraulic Structures, Faculty of Civil Engineering, Semnan
University, Semnan, Iran.
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Figure (1): Laboratory specifications

Figure (2) shows the properties of the perforated plate. In these experiments, two longitudinal slopes of
the perforated plate (S), three different Froude number (Fr1), three different opening area ratios (A) and
three series of orifices (N) were used. Also, D is the length of the orifice that used in the perforated
plate and Q1 is the discharge of inlet flow in main channel and Q; is the discharge passing through the
perforated plate and Qs is the discharge of out flow in main channel. Total of 54 experiments were
performed.

Qi ooo :
—5p> || oo | —p

Flow dircction

Figure (2): perforated plate and channel profile specifications

In recent study, water height on the perforated plate was used to validate the calculated parameters by
Flow-3D software. Figure (3) shows the boundary conditions in the simulation in Flow-3D software.

Figure (3): Boundary conditions in bottom intake simulation in Flow-3D software

Conclusion and Discussion

Investigation of the results showed that the discharge coefficient and the percentage of flow rate in
square orifice bottom intake depend on the opening ratio, Froude number, perforated plate slope
longitudinal and number of orifices. In other words, by reducing the opening ratio from 0.07 to 0.03
and from 0.07 to 0.01, the discharge coefficient in the perforated plate with a longitudinal slope of ten
degrees, 6.70 and 31.03 percent and in the longitudinal slope of zero degree 17.26 and 43.50 percent
had a relative increase. Also, reducing the longitudinal slope of the perforated plate from 10 to O degrees
on average caused a relative increase in the discharge coefficient of 45.57 percent. Reducing the number
of orifices increased the discharge coefficient. By reducing the number of orifices from 9 to 6 and from
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9 to 3, the discharge coefficient for the perforated plate with a longitudinal slope of ten degrees is 45.73
and 162.90 percent and in the perforated plate with a longitudinal slope of zero degrees 50.03 and
161.86 had a relative increase percent. Finally, by increasing the Froude number of upstream of the
perforated plate from 0.5 to 0.7 and 0.5 to 0.9 in bottom intake with a longitudinal slope of ten degrees,
caused a relative increase of 7.81 and 16.10 percent of the discharge coefficient. Also, in bottom intake
with a longitudinal slope of zero degrees, the discharge coefficient has increased by 6.75 and 14.86
percent. The percentage of flow rate increased by increasing the opening ratio from 0.01 to 0.03 and
0.01 to 0.07 in the bottom intake with a longitudinal slope of ten degrees increased 3.37 and 7.28 times.
In bottom intakes with zero longitudinal slope, the percentage of flow through the perforated plate was
increased 3.35 and 6.92 times, respectively. Examining the flow characteristics in Flow-3D software, it
was observed that in an experiment with a higher flow rate, negative pressure occurred on the orifice,
which caused the suction in the flow. Also, reducing the number of orifices in the opening area ratio
has reduced the turbulence and this has also increased the percentage of flow through the perforated
plate.
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