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aerodynamic performance on different two-seater cars using ANSYS

Keywords CFX. The design of the model is derived from the configuration of two-
ANSYS, Aerodynamics, Pressure seater cars, featuring a total of four distinct body shapes which are
coefficient Nissan Skyline, Porsche 918 Spyder, Bugatti Chiron and Ford Mustang.

The simulation utilizes element size 0.03mm for all car models, given its
lowest percentage difference observed among the tested element sizes.
In conclusion, Nissan Skyline, Porsche 918 Spyder and Bugatti Chiron
have better aerodynamic efficiency.

1. Introduction

Cars provide convenience, flexibility, and comfort for travel, commuting, and transporting goods. Aerodynamics
optimizes how air interacts with a vehicle's body to minimize resistance, increase downforce, regulate airflow
for cooling, and reduce turbulence. Streamlined designs with smooth curves significantly decrease air drag,
improving fuel efficiency. Two-seaters often feature aerodynamic bodies with sleek shapes.

The Reynolds number is a dimensionless quantity that characterizes the flow pattern of a fluid. It
significantly influences the aerodynamics of tested models. Higher Reynolds numbers indicate a greater
likelihood of turbulent flow[1]. According to Ananda et al. [2], used Reynolds number to study low Reynolds
number aerodynamics in wings with aspect ratios from 2 to 5. Results showed sensitivity to changes in aspect
ratio and Reynolds number for all wings. Kumahor & Tachie [3]. employed Reynolds number to examine wake
properties, Kelvin-Helmholtz instabilities, and von-Karman vortex shedding around a rectangular cylinder at
moderate Reynolds numbers (3000 to 21000). At low Reynolds numbers (Re < 2100), viscous forces maintain
laminar flow, while at high Reynolds numbers (Re > 4000), the flow becomes turbulent with disorganized
eddies. Turbulence tendency increases with higher Reynolds Numbers [4].

Luo et al. [5], found that changes in amplitude significantly impact the flow field, while frequency variations
do not. Higher amplitude and frequency led to a significant improvement in heat transmission. Weiss et al. [6],
investigated hydraulic single-phase mixing in three parallel rectangular channels at different Reynolds numbers
and flow regimes. Multi-regime mixing performed better than turbulent mixing due to a more pronounced inner
flow velocity drop and a shorter mixing length. Research by Salahuddin et al. [7] shows that introducing
nanoparticles to a tangent hyperbolic nanofluid at the stagnation point over a stretching cylinder increases both
the skin friction coefficient and the surface heat transfer rate. Wu et al. [8], considered displacement thickness as
the thickness of the liquid film in an ideal annular flow. The boundary layer, affected by the Reynolds number,
experiences changes in thickness and behavior. Higher Reynolds numbers result in a larger, more turbulent
boundary layer, leading to increased drag.
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The Reynolds number affects a car's drag coefficient CD, representing its aerodynamic resistance. As the
Reynolds number increases, the drag coefficient decreases and stabilizes [9]. According to El Hasadi & Padding
[10], the drag coefficient of a sphere is influenced by the Reynolds number. At higher Reynolds numbers, the
drag coefficient tends to increase due to increased flow separation, larger wake regions, and turbulent flow
effects. Mallick [11], that the drag coefficient variation on rough cylindrical bodies is influenced by the Reynolds
number, which measures aerodynamic resistance. Consequently, the Reynolds number does impact a car's drag
coefficient. Flow separation occurs when a fluid's boundary layer breaks away from the solid boundary, typically
where it diverges from the mean flow direction. Based on the research by Kourta & Gillieron [12], there are
various solutions to control separation and reduce aerodynamic drag, including active flow control by fluidic
actuators and passive control systems using obstacles. According to Southard [13], the occurrence of flow
separation depends significantly on the boundary's orientation relative to the overall flow. The boundary's
orientation affects fluid flow, potentially causing turbulence or separation.

......

Fig. 1 Dimples on a golf ball to create a turbulent flow around it

Lift force acts perpendicular to the motion and results from pressure differences on a vehicle's upper and
lower surfaces as it moves through air. Positive lift is undesirable as it reduces tire grip, while negative lift
(downforce) enhances road holding [14]. Nath et al. [15] discusses the effects of different aerodynamic devices
on lift force. The results shows that lift force increases exponentially with the increase in speed. Drag force is a
major setback when it comes to achieving high speeds in a moving vehicle. Velagapudi et al. [16], improve the
geometry of the car for a better flow around the model and a lower drag coefficient. The analysis demonstrates
that the aerodynamic drag for a car body increases equal to the square of velocity in terms of drag forces or drag
coefficient. Barnard et al. [17] addressed challenges in reducing aerodynamic drag in large goods vehicles
(LGVs), highlighting box designs causing pressure drag and separation. Based on research by Mukut & Abedin
[18], a dramatic increase in drag at high speeds, constituting 70% of the whole vehicle resistance. According to
Nath et al. [15], improved aerodynamics of a vehicle can provide several benefits such as reduction in drag force,
which can help achieve higher speeds and improve fuel economy.

The aerodynamic drag problem is always influenced by the geometry of a car's body. The drag, which plays
a significant role in the resistance experienced by vehicles, becomes particularly prominent at higher speeds.
When it comes to two-seater sports cars, the design of the body shape becomes even more crucial in minimizing
drag and optimizing performance during motion. Analyzing the aerodynamics of two-seater cars with ANSYS
CFX software is crucial for understanding how velocity influences performance. This examination helps optimize
designs, reduce aerodynamic drag, and improve fuel efficiency, contributing to enhanced acceleration, top speed,
maneuverability, and overall effectiveness of the vehicle. Thus, this study will aim to investigate the flow
characteristic over two-seater car, to evaluate the aerodynamic performance of two-seater car and to compare
the aerodynamic performance between different two-seater cars.

2. Methodology

This research involves using a car body designed in SOLIDWORKS as the test panel to gather data. The study
includes conducting tests at three different velocities (20 m/s, 30 m/s, and 50 m/s) for four types of models. The
data collection is based on the solution of Fluid Flow (Fluent). To ensure the accuracy, reliability, and validity of
the acquired data, the data collection procedure must be meticulously planned and executed.

2.1 Computational Method
In this study, the Nissan Skyline, Porsche 918 Spyder, Bugatti Chiron and Ford Mustang are chosen as car

models. All types of two-seater car have the same design as the real car model and the designs were in minimum
of precision geometries. Fig. 2 depicts the model car's relative to their actual size.
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Fig. 2 Geometry detail from side view of (a) Nissan Skyline (b) Porsche 918 Spyder (c) Bugatti Chiron (d) Ford
Mustang

As outlined in the preceding chapter on the scope of the study, certain limitations have been imposed for
the sake of study simplicity. Notably, the model does not encompass elements such as windows, mirrors, lights,
and doors. Table 1 shows the Geometric configuration of the car models.

Table 1 Geometric configuration of the car models

Geometric Dimension of the car model (mm)
configuration of Nissan Skyline Porsche 918 Bugatti Ford Mustang
the car Spyder Chiron
Length of the car 4594.82 4127.49 5382.90 5043.53
model, L
Height of the car 1182.50 926.46 1520.20 1098.31
model, H

The dimensions where the modelling of fluid flow or other physical processes occurs is referred to as the
computational domain dimension in numerical simulations. In applications like CFD simulations of
aerodynamics, the computational domain must be appropriately sized to encompass relevant flow patterns and
interactions with the studied geometry. Fig. 3 depicts the computational domain dimension for all car models.

Fig. 3 Computational domain dimension for car models

L = Length of the car model
1 = Height of the car model

Boundary conditions establish the parameters for how air interacts with a vehicle in simulations or

experiments. These conditions dictate the flow characteristics and simulate real-world aerodynamic scenarios,
ensuring that the results align with the physical behavior of air around the car.
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Table 2 Boundary conditions for all car models

Boundary Boundary Types Values
Inlet Velocity inlet 20m/s, 30m/s and 50m/s
Outlet Pressure outlet 0 Pa
Top Symmetry -
Side Symmetry -
Bottom Stationary wall -
Car body Stationary wall -

2.2 Meshing

The process of meshing is the dividing of a geometric model into distinct parts or cells. In the ANSYS simulation
environment, a mesh is a computational grid that reflects the geometry of the product being analyzed, such as a
part or an assembly.

2.2.1 Mesh Dependency Test

In ANSYS, a numerical analysis method used in computational fluid dynamics simulations is known as a mesh
dependency test. Finding the best mesh resolution to produce precise and reliable results in ANSYS simulations
and building reliance on the numerical model both depend on the grid dependency test. Based on Fig. 4, the
simulation runs with element sizes of 0.02,0.03, and 0.05 with the car model Porsche 918 Spyder at an inlet
velocity of 20m/s. Finer mesh, or smaller elements, often yields more accurate results, especially when it comes
to capturing localized variations and gradients inside the structure.

Element size 0.02
1.0 Element size 0.03
Element size 0.05
. 0.9
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Fig. 4 Graph for Mesh Dependency Test

The recorded maximum velocities for varying element sizes (0.02, 0.03, and 0.05) in the context of our
simulation are 26.23 m/s, 26.07 m/s, and 25.71 m/s, respectively. To assess the differences among these
element sizes, percentage differences were calculated with element size 0.02 as the reference point. The results
indicate that the percentage difference between element size 0.05 and 0.02 is 1.97%, whereas the percentage
difference between element size 0.03 and 0.02 is 0.59%. As conclusion, it has been concluded to utilize element
size 0.03 for running simulations across all car models, given its representation of the physical behavior with the
lowest percentage difference observed among the tested element sizes.

2.2.2 Validation of the Study

In order to validate the created computational model and the utilized geometrical discretization, a simulation
was performed using the widely employed generic Ahmed body, similar to the car models that were used in this
study. The dimensions of the Ahmed body are illustrated in Fig. 5.
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Fig. 5 Dimensions of Ahmed body[19]

Numerical investigations on the Ahmed body were conducted by M. Bambhania et al. and M. Govardhana.
They opted for a three-dimensional Ahmed body model in their numerical simulation work. In the current study,
an effort has been made to attain results using a two-dimensional computational model for numerical
simulation, aiming to decrease computational time. Results were generated for a velocity of 40 m/s with zero
outlet gauge pressure.
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Fig. 6 Pressure contour (a) by M.Bambhania et. al.[19] (b) by M. Govardhana et. al.[20] (c) in present study

Based on Fig. 6, the different coloured zones indicate different values of pressure. The maximum pressure
field is highest at the front portion of the body for all three simulations.

Table 4 Result obtained for validation

Numerical Simulation Maximum pressure, Pa
Simulation by M.Bambhania et. al 1200
Simulation by M.Govardhana et. al. 1050
Simulation in present study 1204
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The conclusion achieved by comparing the maximum pressure of all three simulations is clearly shown in

Table 4. In conclusion, there is a good agreement between the results of 3D and 2D computational models in
simulations.

3. Result and Discussion

This chapter will discuss about flow characteristics and pressure coefficients of Nissan Skyline, Porsche 918
Spyder, Bugatti Chiron and Ford Mustang.

3.1 Flow Characteristic

In this ANSYS simulation, the flow characteristics were analysed around a two-seater car to gain insights into its
aerodynamic performance. The simulation focus on velocity contours, pressure distribution, and streamlines.
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Fig. 9 Pressure distribution of car model Bugatti Chiron  Fig. 10 Pressure distribution of car model Ford Mustang
(a) Velocity 20m/s (b) Velocity 30m/s (c) Velocity (a) Velocity 20m/s (b) Velocity 30m/s (c) Velocity
50m/s 50m/s

Based on Fig. 7, Fig. 8, Fig. 9 and Fig. 10, Nissan Skyline exhibits high pressure at its front, recording a
maximum of 1823.01 Pa, signaling increased air resistance. Conversely, the minimum pressure occurs on the
upper surfaces at -6051.08 Pa, contributing to lift forces. In contrast, the Porsche 918 Spyder displays high-
pressure zones at the front, with the highest pressure recorded at 1930.08 Pa for velocities of 30 m/s and 50
m/s. The Bugatti Chiron demonstrates varying pressure levels, with the highest pressure at 50 m/s, ranging
from 1825 Pa to -6207 Pa. The Ford Mustang, characterized by increased pressure at the front for aerodynamic
efficiency, exhibits the lowest overall pressure at 20 m/s, ranging from -907.4 Pa to 1138 Pa, and the highest
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pressure at 50 m/s. In summary, the Porsche 918 Spyder and Bugatti Chiron tend to have higher pressures at
the front compared to the Nissan Skyline and Ford Mustang, with each model displaying unique pressure
characteristics influenced by their design and velocity.

Fig. 11 Streamline along car model Nissan Skyline Fig. 12 Streamline along car model Porsche 918 Spyder

Fig. 13 Streamline along car model Bugatti Chiron Fig. 14 Streamline along car model Ford Mustang

According to Fig. 11, Fig. 12, Fig. 13 and Fig. 14, the streamline analyses of the Nissan Skyline, Porsche 918
Spyder, Bugatti Chiron, and Ford Mustang reveal distinctive aerodynamic profiles and airflow characteristics.
The Nissan Skyline demonstrates a convergence of streamlines along the hood and windshield, aligning with
Bernoulli's principle and highlighting the aerodynamic wake for in-depth analysis of drag and lift forces. In the
case of the Porsche 918 Spyder, smoothly curved streamlines over the hood and roof showcase a well-designed
aerodynamic profile that minimizes turbulence. The Bugatti Chiron's study emphasizes smoothly curved
streamlines over the hood, successful avoidance of turbulence, and divergence towards the back, indicating
efficient aerodynamic design. Lastly, the Ford Mustang's streamline analysis reveals a design facilitating efficient
airflow with curved streamlines along the hood, convergence towards the windshield, and splitting near the
rear. Each car's unique characteristics provide valuable insights into their respective aerodynamic efficiency and
performance attributes.

3.2 Pressure Coefficient, Cp

Fig. 15, Fig. 16, Fig. 17 and Fig. 18 show the pressure coefficient (Cp) plotted against distance (Z) for three
distinct velocities: 20 m/s, 30 m/s, and 50 m/s.
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Fig.15 Pressure coefficient, Cp along the car Z-axis for Fig. 16 Pressure coefficient, Cp along the car Z-axis for
Nissan Skyline Porsche 918 Spyder
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Fig. 17 Pressure coefficient, Cp along the car Z-axis for | Fig. 18 Pressure coefficient, Cp along the car Z-axis for
Bugatti Chiron Ford Mustang

A positive Cp denotes a pressure at a point higher than the free-stream pressure, while a negative Cp
signifies a pressure lower than the free-stream pressure. The graphs consistently depict negative Cp values
across all distances from the body for all three velocities, indicating that the pressure on the body's surface is
consistently lower than the free-stream pressure. The Cp values are also generally more negative at higher
velocities. This is because the faster the air flows over the body, the greater the pressure difference between the
top and bottom surfaces of the body. From the figures, the highest Cp value for the Ford Mustang is at 50 m/s,
while the Nissan Skyline, Porsche 918 Spyder, and Bugatti Chiron have the highest Cp at a velocity of 20 m/s.

4. Conclusion and Recommendation

In conclusion, the flow characteristics and aerodynamic performance of a two-seater car have been successfully
carried out. The outcomes derived through the utilization of Computational Fluid Dynamics (CFD) software are
thoroughly deliberated in Chapter 4. The Bugatti Chiron exhibits the highest pressure. At a velocity of 50 m/s,
the pressure recorded on the Bugatti Chiron ranges from 1825 Pa to -6207 Pa. Meanwhile, the Ford Mustang has
the lowest overall pressure among the analyzed car models. At a velocity of 20 m/s, the pressure on the Ford
Mustang ranges from -907.4 Pa to 1138 Pa. Higher pressure is observed at the front for all car models and
lowest at the upper car surface. The investigation proves the inverse relationship between pressure and velocity,
confirming that an increase in velocity corresponds to a decrease in pressure in the respective area. Streamline
analyses of the Nissan Skyline reveal convergence along the hood and windshield, indicating aerodynamic
efficiency. The Porsche 918 Spyder displays smoothly curved streamlines over the hood, minimizing turbulence
for an efficient design. The Bugatti Chiron's study emphasizes streamlined efficiency over the hood and
successful turbulence avoidance. The Ford Mustang's analysis indicates an airflow-efficient design with curved
streamlines and convergence towards the windshield. Graphs of pressure coefficient consistently show negative
Cp across all distances for all velocities, indicating lower pressure on the body's surface. The highest Cp value for
Ford Mustang is at 50 m/s while Nissan Skyline, Porsche 918 Spyder and Bugatti Chiron has the highest Cp at
velocity 20 m/s. Based on the results, Nissan Skyline, Porsche 918 Spyder and Bugatti Chiron tend to have
consistently low average Cp values, suggesting potentially better aerodynamic efficiency.

There are few problems and limitations appear while using Ansys CFX (Student Version). ANSYS Student
versions often come with inherent limitations, such as constraints on problem size, including restrictions on
nodes, elements, and degrees of freedom in simulations. The absence of technical support necessitates users to
rely on online forums and community discussions for guidance. To address these limitations, strategies were
recommended like dividing complex simulations to fit within the node and element limitations. Consider
simplifying geometries or using symmetry to reduce the problem size. Moreover, students can collaborate with
educational institutions for access to the commercial version while seeking assistance from supervisors or
online communities for technical challenges.
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