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Abstract— This research paper presents a comparative
analysis of turbulence models for simulating the flow over
a flat plate. The accurate prediction of turbulence
characteristics is crucial for various engineering
applications, including aerodynamics and heat transfer. In
this study, three commonly used turbulence models,
namely the k-g¢, k-®, and Laminar, are evaluated and
compared for their ability to capture the flow behaviour
over a flat plate. The simulations are conducted using
Ansys, a widely-used computational fluid dynamics (CFD)
software package. The flow conditions and geometry are
carefully defined to ensure a consistent and controlled
setup across the turbulence models. The key parameters of
interest include boundary layer thickness, velocity profiles,
and flow separation characteristics. The results obtained
from each turbulence model are compared to provide
insights into their performance and limitations. The
comparative analysis focuses on the accuracy,
computational efficiency, and ability to capture complex
flow phenomena exhibited by the turbulence models. The
findings of this study contribute to the understanding of
the turbulence modelling techniques for simulating flow
over a flat plate. The outcomes can aid researchers and
engineers in selecting the most appropriate turbulence
model for similar flow scenarios in various engineering
applications.
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I.  INTRODUCTION

The accurate simulation of fluid flow over a flat plate is of
paramount importance in various engineering applications,
including aerodynamics, heat transfer, and boundary layer
analysis [1]. One critical aspect in achieving reliable
simulations is the selection of an appropriate turbulence model
[2]. Turbulence models play a crucial role in capturing the
complex flow behaviour, especially near the surface of the flat
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plate [3]. They provide mathematical formulations to describe
the turbulent eddies and their effects on the flow field.

The objective of this research paper is to perform a
comprehensive comparative analysis of different turbulence
models commonly used for simulating flow over a flat plate.
The selected turbulence models will be evaluated based on
their ability to accurately predict the key parameters of
interest, such as boundary layer characteristics, skin friction,
and separation points.

Choosing the right turbulence model holds paramount
significance in capturing crucial physical phenomena within
the flow, including the occurrence of boundary layer
separation. It is imperative to select an appropriate turbulence
model that can effectively represent these phenomena and
provide accurate predictions [4]. Various turbulence models,
including the Reynolds-Averaged Navier-Stokes (RANS)
models, such as the standard k-, k-m, as well as the Laminar
model, will be investigated and compared in this study. Each
model has its own assumptions and computational
requirements, which can impact the accuracy and reliability of
the simulation results. The appropriate selection of turbulence
model can have major impact on the computational efficiency
and the accuracy of the simulation [5].

By conducting a comparative analysis of these turbulence
models, this research aims to provide valuable insights into
their performance for simulating flow over a flat plate. The
findings of this study will aid researchers and engineers in
selecting the most appropriate turbulence model for their
specific applications, ensuring accurate and efficient
simulations.

In the following sections, we will discuss the methodology
employed for the comparative analysis, provide a detailed
description of the turbulence models under investigation,
present the computational setup, and highlight the key
parameters of interest. The results and discussions will shed
light on the strengths and limitations of each turbulence
model, culminating in  valuable conclusions and
recommendations for future studies in the field of fluid
dynamics and aerodynamics.
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II. METHODOLOGY

A. Flow Configuration

First step in the simulation is to create flow configuration
which is then simulated using ANSYS Fluent and created with
the help of Design modular. Figure 1 shows the flow
configuration of Flat plate.
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Fig. 1. Geometry of Fat plate
B. Geometry

The simulation was done using ANSYS Fluent. First of all, the
problem statement was analysed and according that geometry
was created. Figure 2 shows the basic geometry of the
rectangle which was simulated. Here the five edges were
considered namely, Inlet, Outlet, Flat plate, Top and

Symmetry. The length of the plate was kept around 50 cm
which is indicated in Figure 2 as HI, H3 in the Figure 2
depicts the symmetry with total length of 20 cm, and the
height was 40 cm and shown as V2 in Figure 2. After
completing sketch, surface was created by using tool called
surface from sketch in ANSYS Fluent..

LH3——

C. Mesh Generation

The meshing process begun with the generation of default
mesh which is mostly unstructured which did not capture
required condition for the simulation [6]. For our simulation,
proper meshing should be ensured before the investigate the

H1 1

Fig. 2. Geometry of Fat plate
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accuracy of the turbulence models used. To improve

computational efficiency without sacrificing accuracy, the
meshes [7]. we required mesh which is more refine above the
flat plate to capture the flow field phenomenon i.e. turbulence,
vortices, and flow patterns and to visualize the boundary layer
over flat plate. In order to generate denser mesh near flat plate
edge sizing was used and in that edge was divided into 100
divisions [8].

Mesh

Fig. 3.

D. Physics Setup

In the third step, pressure based solver was used as flow over
flat plate at lower velocities is incompressible hence this
solver applied to the simulation [9]. Air was used as fluid over
flat plate. The density and viscosity of the air was 1.225
Kg/m3, 1.7894 x 107 respectively. Boundary conditions are
shown in Table 1.

Table -1 Boundary Conditions

Zone Type Value
Inlet Velocity-inlet 1 m/s
Outlet Pressure-outlet | 0 Pa!
Top Wall 45.8103
Flat plate No-slip wall -
Symmetry Symmetry -

! Relative to atmospheric condition

E. Solution

In the last step of simulation, where the Navier-stokes
equation with the energy equation are solved [10]. Laminar
viscous model was used with coupled scheme in the pressure-
velocity coupling and second order upwind scheme was in the
spatial discretization. Solution was monitored using a residual
monitor with convergence criteria 10 [10].

III.

A. Laminar Model

Figure.4 shows the velocity distribution over the flat plate. The
velocity is the lowest at the leading edge and increases as the
length is increasing as well as velocity vector is shown in
Figure.4 shows the development of boundary layer, the fluid
particles are in the rest i.e. zero velocity due to the viscous
effect.

RESULT
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Figure 7 shows the velocity is increasing as we move toward
outlet; however after some distance velocity remains constant
as shown in figure 7.

B. K-&€ Model
In the k-epsilon model upstream conditions were the same as
shown in Table 1. Energy equation is solved and Laminar
viscous model was and second order upwind scheme was in
the spatial discretization for turbulent kinetic energy and
dissipation rate [11].

7Fig 4. Velocity Contour (Laminar)

Figure.6 of pressure contour indicates that the pressure is
highest at the leading edge and decreasing as we go to-ward
outlet. Figure.4 & Figure.6 show that maximum velocity is
1.01587 m/s and maximum pressure is 0.048959 Pa.

Fig. 5. Velocity vector

Fig. 9. Pressure Contour (k-epsilon)

As the figure 8 and 9 suggest that velocity and pressure
contour are almost same, but main differen is in the velocity
and pressure which is increased slightly to 1.02373 m/s and
0.0630674 Pa respectively. The trend of increase and decrase
Fig. 6. Pressure Conture (Laminar) is same in the velocity and pressure.
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Fig. 13. Velocity magnitude at different location

Comparison of skin friction of different model is compared in
the figure 14 and it indicates that laminar model and k-omega
model exhibits same skin friction coeffcient at the leading
edge. The skin friction coefficint is 0.0506003 Pa at the
leading edge.
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Fig. 11. Velocity Contour (k-omega)
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Fig. 14. Velocity Contour (k-omega)

Table -2 Comparison of different Turbulence model

Turbulence | Max. Velocity Max. Pressure
model

Laminar 1.01587 m/s 0.048959 Pa
k-epsilon 1.02373 m/s 0.0630674 Pa
k-omega 1.01925 m/s 0.0549798 Pa

IV. EFFECT OF CHANGING THE LENGHT OF THE
PLATE

The velocity distribution and boundary layer thickness are
influenced by the length of the plate. As depicted in Figure 15,
increasing the horizontal dimension of the plate leads to a
decrease in velocity and an increase in boundary layer
thickness. Specifically, the maximum velocity occurs at a
plate length of 0.8, while longer lengths result in reduced
velocity and thicker boundary layers [10] [13].

[Pe]

Fig. 12. Pressure Contour (k-epsilon)

Velocity is almost same in the free stream condition but on the
flat plate due to viscous force velocity is almost 0 near the
wall [12]. From Figure 11 it is clear that maximum velocity is
1.01925 m/s and Figure 12 shows the maximum pressure is
0.0549798 Pa. Figure 13 is almost identical to Figure 7 which
is velocity profile of laminar model.
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Fig. 15. Velocity distribution and boundary layers for
different plate’s length [10]

V. CONCLUSION

In conclusion, this research paper presented a comparative
analysis of turbulence models for simulating the flow over a
flat plate. The study evaluated three commonly used
turbulence models, namely the k-¢, k-®, and Laminar models,
in terms of their ability to capture the flow behaviour
accurately. The simulations were performed using Ansys
software, and the results were compared.

Based on the analysis, several key findings emerged. Firstly,
the selection of the turbulence model significantly influenced
the accuracy and computational efficiency of the simulations.
The k-¢ and k-0 models exhibited good performance in
capturing the boundary layer thickness, velocity profiles, and
flow separation characteristics. However, the Laminar model,
despite being a simplified model, showed limitations in
accurately predicting certain flow phenomena.

The comparative analysis provided insights into the strengths
and limitations of each turbulence model. The k-¢ and k-®
models demonstrated their capability to capture complex flow
behaviour near the flat plate, making them suitable for various
engineering applications. However, it is important to consider
the computational cost associated with these models, as they
require more computational resources compared to the
Laminar model.

This research contributes to the understanding of turbulence
modelling techniques for flow over a flat plate. The findings
can guide researchers and engineers in selecting the most
appropriate turbulence model for similar flow scenarios in
various engineering applications. Furthermore, the study
highlights the importance of validating simulation results
against experimental data and benchmark solutions to ensure
the accuracy and reliability of the chosen turbulence model.

In future research, it would be beneficial to explore other
turbulence models and investigate their performance in
simulating flow over a flat plate. Additionally, conducting
experimental studies to validate the simulation results further
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would enhance the credibility of the findings. Overall, this
research serves as a foundation for further advancements in
the field of fluid dynamics and aerodynamics, aiding in the
development of more accurate and efficient simulation

techniques.

Acknowledging the limitations of this study, it is
recommended to consider more complex geometries and flow
conditions in future investigations to broaden the

understanding of turbulence models in practical engineering
scenarios. By addressing these aspects, researchers can
continue to refine and improve turbulence modelling
techniques, contributing to advancements in various
engineering fields.

In conclusion, this research provides valuable insights into the
comparative analysis of turbulence models for simulating flow
over a flat plate. The findings contribute to the existing
knowledge and can guide future research and applications in
the field of fluid dynamics and aerodynamics.
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