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them. Numerical modeling is less expensive than experimental
work. Numerical methods can be used to check the accuracy of the
results and compare them. In this thesis, the fluid volume method is
used to simulate the free surface flow of water inside the lower
discharger of Kani Sib Dam. Since the flow inside the dischargers is
turbulent, k-g, k-¢ RNG, k-w SST, k-w and also LES turbulence
models have been used and compared. Also, the discharge
coefficient inside the lower discharger and the aeration flow have
been investigated and compared.
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discharger, continuity equations, momentum, energy and equation
of state along with equations related to the aforementioned
turbulence models have been solved using OpenFoam software.
The set of equations of conservation of mass, conservation of
momentum and energy for turbulent flow, which are so-called
Reynolds averaging equations, are the governing equations of the
flow and are used to model the flow by solving them numerically.
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Findings: The simulation and optimization of the hydraulic
parameters of the turbulent flow in the lower dischargers of the Sib
Mineral Dam has been completed using OpenFOAM. The results
have been made on the parameters of the lower discharger of Sib
mineral dam. And the optimization is done using genetic algorithm.
In this research, it was found that with the increase of the hydraulic
diameter, the discharge coefficient increases. Also, with the increase
of the hydraulic diameter, the core of the water fluid jet inside the
discharger undergoes a strong fluctuation, which can increase the
shear stress. An excessive increase in shear stress can cause
corrosion of the discharge walls. On the other hand, with a further
decrease in shear stress, deposition inside the lower discharger
increases. At the same time, with the increase in the length of the
lower discharger, the discharge coefficient decreases. The optimal
selection of the length of the lower drain depends on the height
behind the dam. As the opening rate increases, the discharge
coefficient also increases and the k- € turbulence model gives more
acceptable results to estimate the results. Finally, for each aeration
flow rate, a set of optimal values for the discharge coefficient and the
opening rate has been obtained.
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Extended Abstract

Introduction

The proper design of dams' discharge valves
from a hydraulic point of view can reduce
possible damage to dams, such as vibration due
to cavitation, vibration resonance, etc., and
prevent accidents. Of course, considering the
location and importance of dams, any error and
mistake in its hydraulic design will cause
irreparable accidents. For the proper and
optimal design of the valves, accurate
information on the hydraulic characteristics of
the turbulent flow and their effect on these
facilities is needed. Due to the high costs of
collecting this information on a real scale, the
use of numerical simulations based on the basic
governing laws along with disturbance models
has led to the facilitation of obtaining this
information. In this research, the hydraulic
characteristics of turbulent flow will be
analyzed using the fluid volume method and
OpenFoam open source software. The
equations used in the simulation include the
Navier-Stokes  equations, the Reynolds
equation and the continuity equations for the
weather and air phase. The spillway studied in
this research is the spillway of Kani Sib Damin
West Azarbaijan province, which is located at a
distance of about 10 km from Ashnoye city and
the axis of the dam, about 700 meters upstream
of Chaparabad village on the Kani Sib river. It
seems that in this dam, the discharge valves
occasionally vibrate when the discharge is high.
Therefore, in this research, its hydraulic
parameters will be investigated in order to
prevent such problems in the future.

Findings

The simulation and optimization of the
hydraulic parameters of the turbulent flow in
the lower dischargers of the Kani Sib Dam has
been completed using OpenFOAM. The results
have been made on the parameters of the lower
discharger of Sib mineral dam. And the
optimization is done using genetic algorithm.
In this research, it was found that with the
increase of the hydraulic diameter, the
discharge coefficient increases. Also, with the
increase of the hydraulic diameter, the core of
the water fluid jet inside the discharger
undergoes a strong fluctuation, which can
increase the shear stress. An excessive increase

in shear stress can cause corrosion of the
discharge walls. On the other hand, with a
further decrease in shear stress, deposition
inside the lower discharger increases. At the
same time, with the increase in the length of the
lower discharger, the discharge coefficient
decreases.

The optimal selection of the length of the lower
drain depends on the height behind the dam. As
the opening rate increases, the discharge
coefficient also increases and the k- ¢
turbulence model gives more acceptable results
to estimate the results.

Finally, for each aeration flow rate, a set of
optimal values for the

Discussion

In this research, the hydraulic modeling of the
lower drain of the dam was done against the
changes in the diameter and length of the lower
drain. During this modeling, 60 states with
different hydraulic and physical characteristics
have been prepared for the lower discharger.
This number of states have been modeled with
the help of OpenFOAM and Salome software,
and the discharge coefficient values have been
obtained for each state, and the results have
been presented and compared in the form of
tables and graphs.

In this study, turbulence Kinetic energy was
used to calculate shear stress. As the hydraulic
diameter of the lower discharger increases, the
same amount of fluid flows through the lower
discharger with a higher flow rate, but this
increase in flow rate does not always mean that
the function of the discharger is suitable. So that
the discharge coefficient must be applied in a
specific value by the designers for the lower
discharger.

As the length of the discharger increases, the
discharge coefficient also decreases. On the
other hand, in hydraulic designs inside the
dischargers, the height behind the dam has a
direct relationship with the length of the
discharger. And based on that, this length is
chosen.

By increasing the length of the lower
discharger, the pressure distribution in the valve
opening decreases. This decrease in pressure
can cause cavitation inside the lower
discharger. The phenomenon of cavitation is
caused by reducing the pressure below the
atmosphere and creating bubbles inside the
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lower dischargers. which can cause corrosion in
the discharge valve over time and cause
irreparable damage.

While turbulence models and shear stress
prediction showed unacceptable results.
Turbulence models of the k- ¢ family show
more acceptable results in RANS turbulence
models and calculate the discharge coefficient
more accurately.

By using the convergence of Pareto fronts, for
each desired discharge coefficient, an aeration
value and the opening rate of the discharge
valve are optimally obtained. All the
parameters on the convergence line of the
Pareto front represent optimal values.

Conclusion

In this research, the simulation and
optimization of the hydraulic parameters of the
turbulent flow in the lower dischargers of the
Rash mineral dam using OpenFOAM has been
studied. The results have been made on the
parameters of the lower discharger of the Kani
Sib dam. And the optimization has been done
using the genetic algorithm. The results show
that the numerical method used in open foam
has a very good agreement with the
experimental works, especially in the k-o
turbulence model compared to k-¢. The results
showed that the simulation error percentage for
the discharge coefficient is about 7% and the
optimal and simulation results for the aeration
flow rate are 20 and 24 cubic meters per hour,
respectively. It was also found that with the
increase of the hydraulic diameter, the
discharge coefficient increases and with the
increase of the length of the lower discharger,
the discharge coefficient decreases. The
optimal selection of the length of the lower
drain depends on the height behind the dam
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