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the simulation results. Therefore, this study investigates the pressure characteristics
of a Venturi flow meter and compares the performance of three turbulence models
using Ansys Fluent. A three-dimensional Venturi flow meter with inlet and outlet
diameters of 30mm, a throat with diameter of 15mm and a total length of 185mm was
developed and analysed under steady state conditions. Water was used as the working
fluid with an inlet velocity of 2.2 m/s. To ensure reliable numerical results, a Grid
Independence Test (GIT) was conducted and a mesh with an element size of 3.5mm
consisting of 17962 nodes and 13584 elements was selected for the final simulation.
Three turbulence models were evaluated which realizable k— models, the standard k—
€ and standard k—w. The results showed a pressure drop of approximately 8397.8 Pa
between the inlet and throat sections followed by pressure recovery towards the
outlet which agrees with the operating principle of the venturi flow meter. All three
turbulence models were able to predict the general pressure and velocity behaviour
within the flow domain. However, differences were observed in their convergence
performance and flow predictions. Among these models tested, the most stable

Keywords: convergence behaviour is the realizable k—€ models and produced smoother pressure
Bernoulli; ANSYS Fluent; grit contours and velocity streamlines compared to the others model. Based on the
independence test; pressure drop; findings, the realizable k—e models was identified as the most suitable turbulence
velocity distribution model for predicting the pressure characteristics of the venturi flow meter.

1. Introduction

Fluid flow measurement is important aspect in engineering study or industry especially in piping
system involving liquid and gas transportation. To ensure efficiency of system performance, energy
conservation and process control in industries which accurate measurement of flow rate and
pressure variation is necessary. This is related to our case study which among the various flow
measuring devices available, the venturi Flow meter is commonly recognized as one of the accurate
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differential pressures due to its simple design and stable operating performance [1]. This study
conducted to study the pressure distribution inside a venturi flow meter using CFD simulation.
Besides that, to compare three turbulence models which are standard k—g, standard k-w, and
realizable k—¢.

The venturi flow meter operates based on Bernoulli’s principle where a fluid flowing through
converging section experiences as increase in velocity and decrease in static pressure at the throat
section. The pressure difference between the inlet and throat is used to determine the flowrate [2].
Because of this relationship, the pressure characteristic involved inside the venturi meter is key factor
in evaluating its performance and accuracy.

In real engineering systems, fluid flow inside a venturi meter is usually turbulent because of its
high velocity and sudden change. This makes the flow difficult to study using experiments alone since
pressure and velocity are always changing. This is how CFD workflow help to simulate this kind of
flow because it can show pressure and velocity behaviour without doing any physical testing [3].
However, CFD results depend strongly on the turbulence model used. Different models such as
standard k—¢, standard k-w, and realizable k—€ may give different pressure predictions even when
using the same geometry and boundary conditions [4].

Therefore, selecting on appropriate turbulence model is essential to obtain reliable pressure
predictions in CFD simulations. Previous studies have shown that different turbulance models may
perform differently depending on flow condition, geometry and pressure gradient involved in the
system. The accuracy of the turbulence model becomes an important factor in predicting the
pressure distribution within flow domain [5]. This study aims to analyse the pressure characteristics
of a Venturi flow meter using CFD simulation and compare the performance of three commonly used
turbulence models which are standard k—¢, Standard k—w, and Realizable k—¢. The findings of this
study are expected to provide a better understanding of the influence of turbulence model selection
on pressure prediction and flow behaviour within a Venturi flow meter.

2. Methodology

This study investigates the pressure characteristics of a Venturi flow meter using Computational
Fluid Dynamics (CFD) simulation through ANSYS Design Modeler and Ansys Fluent software. CFD was
chosen because it offers a cost effective and efficient way to analyze fluid behavior inside the Venturi
meter without the need for physical experimental setups. By using CFD, it is possible to visualize and
analyze the pressure distribution along the venturi meter in detail including regions that would be
difficult to measure experimentally such as the throat section where the pressure drop is most
significant. The methodology includes the geometry creation of the Venturi flow meter, mesh
generation, specification of boundary conditions, selection of turbulence models, governing
equation, solver setup and Grid Independence Test (GIT).

2.1 Geometry of Venturi Flow Meter

The geometry used in this study is a venturi flow meter which is a device that consist of three
main sections as converging inlet, throat section and diverging outlet. As in Figures 1(a), (b) and Table
1 clearly show the geometry dimensions and 3d layout of the case study venturi meter. The
converging and diverging sections were designed to provide smooth flow acceleration and pressure
recovery. After defining the dimensions, the venturi flow meter was developed in ANSYS Design
Modeler as a three-dimensional solid model by using revolve tool with specific axis selected and the
final geometry is shown in Figure 1(b).
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Fig. 1. Figure of Venturi meter (a) Venturi meter’s dimensions (b) 3D
layout of venturi meter

Table 1

The dimensions of the mercury meter
Parameter Value

Inlet diameter 30 mm
Throat diameter 15 mm
Outlet diameter 30 mm
Total length 185 mm
Working fluid Water, H20

2.2 Mesh Generation

Meshing is an important step in CFD simulation because the fluid domain needs to be divided into
many small elements before the governing equations can be solved. In a Venturi flow meter, the fluid
experiences a significant change in velocity and pressure, especially at the throat section. Therefore,
a suitable mesh is needed to capture these changes and obtain reliable results [6]. After the venturi
flow meter was created, it was transferred to ANSYS Meshing for mesh generation. In this study, the
mesh was generated by default meshing setting which is unstructured tetrahedral mesh. A global
element size of 3.5mm was used throughout the geometry. The generated mesh consisted of 17962
nodes and 13584 elements. Named selection were also created as inlet, outlet and wall surfaces as
shown in Figure 2 to make the boundary condition setup easier and clear in ANSYS Fluent.

\ Outlet

Inlet and outlet surface mesh

Throat

Fig. 2. Mesh generation of the venturi flow meter
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2.3 Boundary Conditions

After the meshing was completed, the model was imported into ANSYS Fluent for simulation. The
named selections created during the meshing stage were automatically recognized as inlet, outlet
and wall boundaries. In other hand, water liquid (H,0) was selected as the material of working fluid
for this study because it is one of commonly used fluids in piping industry and flow measurement
applications [7,15]. The Figure 3 below is showing the boundary condition setup which a velocity inlet
of 2.2 m/s was assigned at the inlet section, while a pressure outlet with a gauge pressure of 0 Pa
was specified at the outlet. The fluid enters from inlet through the converging section and accelerates
towards the throat. As the flow passes through the diffuser section, the velocity decreases and the
pressure recovers [8-11].

Although the geometry, fluid properties, inlet velocity and pressure outlet settings were kept
constant, different turbulence models were applied to investigate their effect on pressure
characteristics which are standard k-¢, realizable k-& and standard k-w models. These models were
chosen because they are the most commonly used turbulence models in engineering CFD
applications. The Standard k—€ model is widely used for general-purpose flow simulations, while the
Realizable k— model provides improved predictions for flows involving strong pressure gradients.
The Standard k—w model is known for its ability to capture near-wall flow behaviour more accurately
[6,12,13]. These boundary conditions were selected to simulate the flow behaviour within the venturi
flow meter under steady state conditions.

Converging section

P

Velocity Inlet  _, ___, Pressure outlet

i

Fig. 3. Boundary conditions setup for the Venturi flow meter

2.4 Governing Equations on Venturi Flow Meter

The flow inside a venturi flow meter can be explained by using several basic fluid mechanics
equations. In this study, Bernoulli’s principle and the continuity equation are used to describe the
relationship between pressure, velocity and flow area. These equations help explain the pressure
drop at the throat section and support the analysis of the CFD simulation results.
2.4.1 Continuity equation

The continuity equation is based on the conservation of mass, which states that the amount of

fluid entering the system must be equal to the amount of leaving the system. As the flow area
decreases, the fluid velocity increases to maintain a constant flow rate as written in Eq. (1):

V=V ->=0 (1)

where V — is velocity vector.
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2.4.2 Momentum equation and Bernoulli’s principle

The momentum equation is used to determine the pressure and velocity distribution within the
fluid domain. In ANSYS Fluent, the momentum equation is solved numerically together with the
selected turbulence model to predict the flow behaviour inside the Venturi flow meter as written in

Eqg. (2):
p(V =.V)V 5= —Vp + uv?V - (2)

where (p) is fluid density, (p) is pressure and () is dynamic viscosity. Bernoulli’s principle is used to
explain the relationship between pressure and velocity within the Venturi flow meter [10]. As the
flow passes through the throat section, the reduction in flow area causes the velocity to increase and
the static pressure to decrease, the principle is written as below in Eq. (3) [14-16]:

P+ %sz + pgh = constant (3)

where (P) is the static pressure, (p) is the fluid density, (V) is the fluid velocity, (g) is the gravitational
acceleration and (h) is the elevation height.

2.5 Solver Setup

After the boundary conditions were assigned and different turbulence models were selected, the
solver settings were adjusted in ANSYS Fluent. In this study, the Semi-Implicit Method for Pressure-
Linked Equations (SIMPLE) scheme was used for pressure-velocity coupling to obtain stable
convergence during the simulation. The solution was initialized by using the Hybrid Initialization
method with the inlet boundary selected as the region. The same solver settings were applied to all
turbulence models to ensure a fair comparison of the simulation results.

2.6 Grid Independence Test

A Grid Independence Test (GIT) was conducted to ensure that the CFD results were not
significantly affected by the mesh density used in the simulation. In CFD analysis, the mesh is crucial
part in determining the accuracy of the numerical solution. A very coarse mesh may not accurately
capture the flow behaviour, while fine mesh can increase computational time without doing
significant improvement in the results [17-20]. Therefore, a grid independence test was performed
before the final simulations.

In this study, three different mesh elements sizes were evaluated which is 3.5 mm, 2.0 mm and
1.0 mm. For each mesh size, the same geometry as well as fluid properties, inlet velocity, boundary
conditions and solver settings were maintained to ensure a fair comparison. The inlet pressure and
throat pressure were selected as the monitoring parameters because the pressure difference
between these locations represents the main operating characteristics of the venturi flow meter. The
pressure values obtained from each mesh were recorded and compared to determine the influence
of mesh density on the numerical solution.
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3. Results
3.1 Grid Independence Test’s Analysis

Table 2 shows the results of the Grid Independence Test (GIT) conducted using three different
mesh step which named as coarse, medium and fine. From the table, it can be observed that the
predicted pressure drop increases from 8397.8 Pa to 8590.3 Pa as the mesh becomes finer as shown
in Figure 4 below. This indicates that the mesh is able to capture the pressure variation within the
Venturi flow meter more accurately. The difference in pressure drop between the medium and fine
meshes was relatively small with an increase of only 43.8 Pa. This suggests that the numerical solution
is approaching an independent mesh condition where further mesh adjustment would have limited
effect. In addition, the inlet and throat pressure values showed a consistent trend as the mesh
became finer which indicate the stable numerical result. The grid independence test confirms that
the selected mesh is sufficient for comparing the pressure characteristics of different turbulence
models in the venturi flow meter simulation.

Table 2

Grid independence test results

Design point Mesh type Mesh element Inlet pressure  Throat Pressure drop
size pressure

DpO Coarse 3.5 5764.2 -2633.6 8397.8

Dp1 Medium 2.0 5841.7 -2704.8 8546.5

Dp 2 Fine 1.0 5868.9 -2721.4 8590.3

Pressure Drop Variation with Mesh Type
8650
BE00
8550
2500
8450
8400
8350
2300

Coarse Medium Fine

Fig. 4. Pressure drop variation with mesh type
3.2 Pressure Distribution

The pressure contours obtained for each turbulence model are presented in Figure 5(a), Figure
5(b) and Figure 5(c). All turbulence models show a similar pressure distribution pattern, where the
highest pressure occurs at the inlet section, followed by a significant pressure drop at the throat and
gradual pressure recovery at the outlet. This behaviour is consistent with the venturi effect and
bernoulli’s principle which state that an increase in fluid velocity results in a reduction in static
pressure. As the fluid passes through the converging section, the flow area decreases causing the
velocity to increase rapidly until its reached maximum value at the throat.

Among the three turbulence models, the realizable k—€ model produces the smoothest pressure
gradient and the most uniform pressure recovery throughout the domain. This explained that the
model is better to capture the pressure variation along with the acceleration of the fluid inside the
venturi meter. The standard k—e model predicts similar pressure distribution but shows slightly less
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uniform contour near the throat region. In comparison, the standard k—w model show more irregular
pressure contours at the expansion sections which explained a higher sensitivity to flow changes and
pressure gradients. Nevertheless, all three models successfully captured the expected pressure
characteristics of the venturi flow meter.

Pressure
Contour 1
| ;'54408e+03
| | 2.082e+03

-1.245e+03
-4.571e+03
-7.898e+03
-1.122e+04
-1.455¢+04
-1.788e+04
-2.120e+04
-2.453e+04
-2.786e+04
-3.118e+04
-3.451e+04
-3.784e+04
-4.116e+04

[ -4.449¢+04
' -4.782e+04
[Pa]

(c)
Fig. 5. Pressure contour for 5(a) k—¢ realizable, 5 (b) k— standard
and 5 (c) k—w

3.3 Velocity Distribution

The velocity Streamline plots are shown in Figure 6. The fluid velocity increases as it enters the
throat section and decreases again towards the outlet. This happens because the throat has the
smallest flow area causing the fluid to accelerate as it passes through the region. The highest velocity
can be seen at the throat while lower velocities are observed at the inlet and outlet sections. Overall,
the three turbulence models predict a similar flow pattern. However, the realizable k—e model shows
a smoother flow distribution from the inlet to the outlet. The standard k—€ model gives almost the
same behaviour, although the streamlines appear slightly less uniform near the throat section.

For the standard k—w model, the streamlines show more variation, especially near the wall region
and diffuser section. This indicates that the model is more sensitive to changes in the flow near the
wall. The maximum velocity predicted by all three models is approximately 9.8 m/s. This suggests
that the geometry and boundary conditions have a greater influence on the velocity increase than
the choice of turbulence model. Based on the streamline distribution, the realizable k— model
provides the most consistent flow pattern among the three models investigated in this study.

VelocitP/
Streamline 1

9.843e+00

k-epsilon realizable

7.395e+00

/
i

f
4.948e+0(£,‘

\

2.500e+00

5.253e-02

k-omega standard
Fig. 6. Velocity Streamline for 7(a) k—¢
realizable 7(b) k—¢ standard 7(c) k—w
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4. Conclusions

This study investigated the pressure characteristics of a Venturi flow meter using Computational
Fluid Dynamic (CFD) simulation in ANSYS fluent. A Grid independence Test (GIT) was conducted to
ensure that the numerical results were not significantly affected by the mesh size. The selected mesh
was then used to compare the performance of three turbulence models which are standard k-¢,
realizable k- and standard k-w models.

The pressure contour results showed that all turbulence models successfully predicted a pressure
drop at the throat section followed by recovery at the outlet. The velocity streamline results also
showed that the fluid velocity increased significantly at the throat due to the reduction in flow area
and decreased again in the diffuser section. The maximum velocity predicted by all three models was
approximately 9.8 m/s.

Although the overall flow pattern was kind similar for all turbulence models, slight differences
were observed in the pressure and velocity distribution. Among the models investigated, the
realizable k-¢ model produced the smoothest pressure contours and most uniform streamline
distribution. In conclusion, it was the most suitable model for predicting the pressure characteristics
of the venturi flow meter in this study. Overall, the objectives of the study were successfully achieved
through the comparison of turbulence models and the analysis of pressure and velocity behaviour
inside the venturi flow meter.
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