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Nowadays, the use of numerical models has become highly prevalent due to the substantial
increase in computer memory capacity and processing speed. The growth in computational
power, paralleled by remarkable advancements in numerical models—particularly owing to
their cost-effectiveness compared to laboratory models—indicates that numerical modeling
and computational simulations will see even wider application in the future. However,
commercial numerical models are highly sensitive to boundary and initial conditions;
without a proper understanding of the governing physics of these conditions, this invaluable
tool can lead to inaccurate and misleading results. This study presents an analytical and
numerical comparison between pressure-inlet and velocity-inlet boundary conditions in
computational fluid dynamics (CFD) simulations, with a focus on the significant numerical
and physical consequences arising from a common yet incorrect choice of inlet boundary
condition. For this purpose, a 1/15-scale model of the bottom outlet gate of the Diyaraba
Dam (located in Sri Lanka) was employed. Simulations were conducted in ANSYS Fluent
software using the standard k-¢ turbulence model, corresponding to operating conditions
with 10% gate opening. The computational domain mesh size was determined through
sensitivity analysis and grid independence studies. To enhance the accuracy of simulating
real flow behavior, a two-phase water—air model was utilized. The results reveal that
applying a velocity-inlet boundary condition leads to excessively high velocity and pressure
fields within the computational domain, resulting in order-of-magnitude discrepancies
compared to the physically realistic case. Examination of the mass flow rate in the domain,
compared with measurements from the laboratory model, demonstrates that the pressure-
inlet boundary condition provides a more physically appropriate representation of the flow.
In contrast, the velocity-inlet condition, in this specific model, yields unrealistic and
engineering-wise inaccurate results.
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Introduction

The bottom outlet is considered one of the most important components of the dam, which is
responsible for the flow management and sediment discharge, so the correct design and
modeling of this part can play a significant role in the overall design of the dam structure.
Due to the high cost of laboratory models and because all the parameters of a flow field
cannot be measured physically, computational fluid dynamics (CFD) is used to investigate
the hydraulic behavior. The accuracy of CFD simulations is strongly influenced by the
choice of boundary conditions in steady flows and initial conditions in non-steady flows. In
fact, by correctly choosing the boundary conditions, the computational domain interacts with
the boundaries. Among the various boundary conditions used in CFD, pressure inlet and
velocity inlet conditions are two of the most common, each presenting unique advantages
and challenges. Choosing the right and effective boundary conditions is one of the most
important challenges in numerical modeling. The pressure inlet boundary condition specifies
the static pressure at the inlet and allows the calculation of the fluid velocity based on the
defined pressure and fluid properties. This approach is particularly beneficial in scenarios
where pressure is a critical parameter, such as in compressible flow conditions or when
managing specific hydraulic conditions. The boundary condition of certain speed at the inlet
applies the speed of the inlet fluid in the numerical model. This condition is used when the
flow rate at the inlet boundary is known. These conditions facilitate the initialization process
of the model and tend to provide more stability during the simulation. By specifying the
velocity profile at the inlet, scenarios where the flow rate is directly controlled or measured
can be easily modeled. However, the velocity input conditions may not adequately capture
the complex velocity profiles resulting from varying upstream pressures or turbulent flow
conditions, or may require a longer length of flow development in the numerical model,
increasing the computation volume and increasing the time to convergence. The
consequences of choosing a boundary condition go beyond computational efficiency. They
can affect predictions about flow rate, pressure within the system, and overall performance
metrics of the computational domain. In the studies conducted by Shah et al., it has been
shown that changes in the inlet boundary conditions can lead to fundamental differences in
the modeled flow patterns in gas-solid systems. In this research, the behavior of the Diabara
dam's lower discharge valve model is modeled by applying the boundary conditions of
pressure and velocity proportional to the pressure. The results of the numerical model show
that the inlet pressure boundary condition leads to more realistic hydraulic responses than
the inlet velocity boundary condition.

Method

The present research was conducted using a laboratory model built in the hydraulic
laboratory of Tabriz University's Faculty of Civil Engineering. This set-up is the model 1/15
of the bottom outlet gate of the Diabara Dam. Dayaraba Dam is part of the large and multi-
purpose Uma Oya project, which is located in the southeast of Sri Lanka with the purpose of
transferring water, irrigating fields and generating electricity. In the physical model, the
width of the emergency valve is 24 cm and its height is 20 cm. The service valve is a sector
type with a width of 24 cm and a height of 22 cm. The total length of the modded setup from
the location of the emergency valve to the flow outlet is 2.08 meters. The sector valve is
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placed in a fully closed position at a distance between 20 and 28 cm from the emergency
valve. The maximum head on the emergency valve at 10% opening of the valve is 2.2
meters. The overall length of the physical model from the emergency valve to the outlet is
2.08 meters with a floor slope of 5%. The results of this research are based on the opening of
the service gate equal to 10%. The 2D numerical model was drawn based on the dimensions
of the laboratory model in the Design modeler environment and implemented in the Fluent
module of the Ansys2024R2 software. Incompressible and two-phase fluid (water and air) is
considered. The disturbance model is of standard type. According to the turbulence model,
30 is chosen. Based on this, the height of the first border layer is 1.1 mm. The number of 9
boundary layers is considered. The grid size is selected using sensitivity analysis based on
mesh independence. Based on this, the optimal size in the computational domain is equal to
6 m.

Results

The pressure value at the inlet is considered constant pressure in the numerical model due to
the constant height of 2.2 meters. the constant inlet velocity scenario, the pressure head
equivalent velocity value is considered equal to 6.56 meters per second. By examining the
changes of static pressure in the calculation domain in two states of inlet velocity and inlet
pressure, it is clear that in the condition of inlet velocity, the pressure in the range increases
significantly compared to the condition of inlet pressure. Also, the fluctuations of the
pressure before the gate in the condition of the inlet velocity are more than the pressure at
the inlet. Also, by examining the velocity distribution profile in the computational domain, it
can be seen that the maximum velocity in the boundary condition of the inlet velocity
increases about 80 times compared to the pressure inletcondition. Examining the volume
fraction of water along the computational domain in two modes of velocity inlet and
pressure inlet boundary condition also shows that the volume fraction does not change
appreciably before the gate. But downstream of the gatee, we see a 1% increase in the
volume fraction of water in the case of inlet velocity compared to the inlet pressure. After
the flow passes through the area affected by the downstream gate, we see a slight decrease in
the water volume fraction in the case of inlet velocity compared to the inlet pressure. The
investigation of the turbulent kinetic energy also shows an increase of about 180 times of
this parameter in the case of inlet velocity compared to inlet pressure.

Conclusions

In this research, with the aim of comparing the boundary conditions of constant velocity at
the inlet and constant pressure at the inlet in the numerical model of the lower discharge
valve, a numerical model resulting from the physical model of the valve and the lower
discharge channel of the Diabara Dam was prepared after checking the independence and
sensitivity of the grid and determining the optimal size of the grid in the computational
domain. The numerical model was implemented in two states of constant velocity in the
inlet boundary condition and constant pressure in the inlet boundary condition and the
results were analyzed. By examining the results, it was found that in the boundary condition
of constant speed at the inlet, the maximum pressure in the calculation domain is about 140
times the pressure in the domain compared to the boundary condition of pressure at the inlet.
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by examining the results and comparing the mass flow rate in the two aforementioned cases,
the boundary condition of the speed at the fixed inlet is not suitable at all in the bottom
outlet that have a gate in the middle. This is due to the proximity of the pressure range
upstream and downstream of the emergency gate. In fact, the speed in the model with the
condition of constant input speed is affected by the energy loss during the unloaded, which
is not affected by the simulation in this model, and this issue will lead to the generation of
errors. The special point of this review is the control of the continuity relationship in the
conditions of running the numerical model, which was addressed from the review of the
continuing relationship and mass flow control.
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