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ABSTARCT
The paper presents the numerical analysis of the drag force generated on the body of a 
sports car, based on the CFD method in the Ansys Fluent program. The three-dimen-
sional model of the vehicle was taken from an open CAD database. Based on this, a 
computational grid was developed, boundary conditions and a turbulence model were 
defined. As a result of the calculations, the pressure distribution on the individual 
body parts and the velocity distribution in selected cross sections were obtained. In the 
next part of the research, the simulation results are used to optimize the shape of the 
bodywork of different passenger vehicles in order to reduce the generated drag force.
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INTRODUCTION

According to the report of The International 
Council on Clean Transportation – ICCT, over the 
past 10 years the share of sports cars in the passen-
ger car market in the EU has remained at a relative-
ly constant level (below 0.5%) [1]. However, many 
technical solutions used in sports cars are used in 
the design and production of cars from other seg-
ments. An example of this type of procedure is the 
implementation of the aerodynamic shape of the 
bodywork and its components from sports cars to 
city cars. By optimizing the geometry of the body-
work, it is possible to reduce the aerodynamic drag 
force. This results in reduced fuel consumption, 
which causes lower emission of toxic substances. 
In addition, lower aerodynamic drag also affects 
the vehicle’s acceleration and maximum speed.

The total drag force Px produced on the ve-
hicle body is given by (1):

xx CSvP ⋅⋅⋅⋅= 25.0 ρ (1)
where: ρ - density, v - velocity, S - frontal area of 

the body car, Cx - drag coefficient.

The drag coefficient is related to the shape of 
the bodywork (its aerodynamics shape) and does 
not reflect to the actual effect of the drag force gen-
erated on the bodywork. Therefore, it is more con-
venient to compare the product of the drag coef-
ficient Cx and the frontal area of the body car S [2].

In sports cars, the drag force plays a signifi-
cant role in aerodynamics. Moreover, the value 
of negative lift force Pz is important because it 
influences vehicle downforce, stability and driv-
ing characteristics.

The CFD (Computational Fluid Dynamics) 
method is a popular and accurate method of re-
searching aerodynamics of vehicles. This is a nu-
merical method based on the discretization of the 
studied area and the solving of partial differen-
tial equations characterizing the flow around the 
examined object. As a result of calculations, the 
pressure, velocity and temperature distribution in 
the flow is obtained. 

The aerodynamic study of a racing car using 
this method is presented in [3]. The work focused 
on improving the stability of the vehicle and re-
ducing the force generated on the body. The re-
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sults of the research were presented in the form of 
calculated pressure and velocity contours. More-
over, the coefficient of aerodynamic drag force 
was calculated.

The aerodynamic analysis of the air flow 
around the vehicle can also be used to determine 
the location of test and measurement devices. In 
the paper [4], the authors analysed the air flow 
around the vehicle, concentrating mainly on the 
air velocity field in order to properly locate the 
research object in the form of a gyroplane model. 
The analysis of the air velocity field allowed them 
to identify the area with no interference between 
the test object and the object used to create an air 
flow (vehicle).

Drag can be reduced by reducing the coef-
ficient of resistance and thus by modifying the 
vehicle’s body shape. An example of such an ap-
proach is presented in the work [5] where the ef-
fect of changing the rear under body shape on the 
drag coefficient was calculated. The tilt angle of 
the rear under body part in relation to the ground 
plane was changed.

A numerical analysis of a flow can be carried 
out on a precise or simplified geometric model. 
The Ahmed’s body is a commonly used model for 
aerodynamic studies of vehicles. It is a simplified 
body with defined dimensions. Such a geometri-
cal model was used in the study of drag force in 
the works [6] and [7].

An experimental validation of numerical re-
sults can be carried out using a wind tunnel. It 
is also possible to use the PIV (Particle Image 
Velocimetry) method to research an air flow on 
a vehicle model on a test bench. In the study [8] 
the research of the aerodynamics of the bus model 
using a DPIV digital technique was performed. 
The vector maps of the velocities and swirls for 
selected planes were determined; and the stream-
lines and selected parameters of a turbulence flow 
were obtained.

It is important to adopt an appropriate tur-
bulence model during an aerodynamic analysis 
of a body structure. A turbulence model widely 
used for simulating aerodynamics of vehicles is 
a k-ω model. However, in the case of simplified 
calculations, it is possible to use a k-ε model as 
shown in the work [9] in the study of the aerody-
namic drag force of a passenger car model. The 
drag force coefficient obtained in these calcula-
tions only slightly, i.e. about 7% differed from the 
experimental coefficient. This confirms the accu-
racy of the defined model.

One of the method of improving vehicle’s 
aerodynamics without affecting the body struc-
ture is using additional components for the body 
such as a flap or a spoiler. In the study [10], a 
vehicle equipped with a spoiler was investigated 
with the use of CFD method. The influence of the 
spoiler angle set on the generated drag and lift 
forces was investigated.

Another additional features which improve 
vehicle’s aerodynamics are additional trailing 
edges attached at an angle to the roof or the rear 
bumper. The numerical analysis based on this 
type of body was carried out in the publication 
[11]. The research showed that the presence of 
additional tail plates results in a reduction in the 
generated drag and lift forces.

RESEARCH OBJECT

The research object is a solid model of the 
sports car retrieved from the open database 
GrabCAD [12]. The model was imported into the 
Design Modeler in the Ansys. Its position relative 
to the global coordinate system is shown in Fig. 

 
Fig. 1. The solid model of the vehicle with 

the assumed coordinate system

 
Fig. 2. Computational domain of the vehicle
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1. The following axes are marked: x - longitudinal 
axis (opposite to the driving direction), y - axial 
axis (parallel to the road surface), z - vertical axis 
(normal to the road surface). The dimensions 
of the model are 3.68 x 0.87 x 1.61 m (length x 
height x width).

The computational domain (Fig. 2) has the fol-
lowing dimensions: 18.68 x 5.87 x 11.61 m (length 
x height x width). For such a defined domain the 
inlet (front of the car), the outlet (rear of the car) 
and the research object as a wall type were set.

For this situation a computational grid of 2 
647 653 elements was generated. The grid consists 
of tet4, wed6 and pyr5 elements. The body of the 
research vehicle is divided into four basic compo-
nents: mirrors, a roof, a spoiler, a bodywork (Fig. 3).

The calculation was was a pressure based 
type. The simulation was performed under steady 
state conditions. The medium was assumed to 
be the ideal gas of a temperature of 15°C and a 
viscosity of 1.7894·10-5 [kg·m-1s-1]. A k-ω SST 
model was adopted as a model of turbulence. 
This model forms better the turbulent flow in the 
boundary layer and is very sensitive to the value 
of the size of the free turbulent flow. SST means 
that there is a limitation of the main stresses value 
in the flow. The k-ω SST combines the advantag-
es of k-ε and k-ω.

It is possible to use a k-ε model for simpli-
fied aerodynamic calculations. This widely used 
in engineering calculations model is based on two 
equations that characterize turbulence in the flow. 
The first equation defines the kinetic energy of 
turbulence k, and the second defines the turbulent 
kinetic energy dissipation ε.

Moreover, a turbulence length scale param-
eter can be defined. It is useful for describing a 
turbulence phenomenon. It determines the size of 
large eddies carrying energy in the turbulent flow.

For the fully developed flow through the duct, 
size l is determined by the size of the duct because 
the turbulent eddies cannot be larger than the duct 
size. The approximated relationship between size l 
and the physical size of the duct is as follows (2):

l = 0.07L (2)
where: L - the reference length related to the size 

of the duct.
In order to take into account the turbulence 

effects, a turbulent intensity equal to 5% and a 
turbulent length scale equal to 0.81 m for the inlet 
and outlet were determined.

For such a defined model, a series of simu-
lations were performed, depending on the veloc-
ity of the air flow. The computational cases for 
the simulations are: v = 13, 30, 60, 90 m/s. For 
the last computational case, it was necessary to 
change the type of calculation to a density-based 
one due to the influence of a compressibility ef-
fect on the results obtained.

RESULTS

As a result of the calculations, the pressure 
and speed contours on the body of the test vehicle 
were obtained for four computational cases. The 
views of the selected contours are shown in Fig. 
4, Fig. 5 and Fig. 6.

In addition, the drag forces of the individual 
components of the car body were obtained (Table 1).

Based on the results obtained, a scatter plot of 
the total drag force was drawn as a function of air 
velocity. For these points, a second-order polyno-
mial trend line (Fig. 7) was determined with the 
equation (3):

1378.72439.0318.0 2 +−= vvPx (3)
The column diagrams showing the value of 

the drag forces generated on the individual body 

 

Fig. 3. Generated computational grid with the selected body elements set as a wall type in the program: 
a roof - A, mirrors - B, a bodywork - C, a spoiler - D
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Fig. 4. The pressure contours on the body of the test vehicle in an isometric view for the air velocity v equal to: 
a) 13 m/s, b) 30 m/s, c) 60 m/s, d) 90 m/s

 

Fig. 5. The pressure contours on the body of the test vehicle in an isometric view for the air velocity v equal to: 
a) 13 m/s, b) 30 m/s, c) 60 m/s, d) 90 m/s

a)

c) d)

b)

d)c)

b)a)
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parts in relation to the air velocity are presented 
in Figure 8.

DISCUSSION AND CONCLUSIONS

Based on the pressure contours on the sym-
metrical plane, it was found that the extreme pres-
sure values should be read on the belt in the front 
of the bodywork. The maximum value of over-
pressure at a flow velocity of 13 m/s is relatively 
small at 105 Pa and increases with increasing 

velocity, resulting in the values of 575 Pa, 2272 
Pa and 6726 Pa, respectively for the subsequent 
airflow velocities. The pressure increase occurs 
on the leading edge of the spoiler and on the flat 
surface located in front of the rear wheel arches.

The highest absolute value of vacuum is gen-
erated in the zone above the cabin. According to 
Bernoulli’s principle, there is a negative pressure 
caused by acceleration on the rounded profile on 
the roof of the car body. The values of the vacuum 

 

Fig. 6. The velocity contours on the body of the test vehicle in an isometric view for the air velocity v equal to: 
a) 13 m/s, b) 30 m/s, c) 60 m/s, d) 90 m/s

Table 1. Generated drag force on a car body

Computational case Name Velocity v (m/s) Drag force (N) Total drag force Px (N)

1

Bodywork

13

56.577

63.860
Spoiler 5.022

Mirrors 1.408

Roof 0.853

2

Bodywork

30

272.207

295.114
Spoiler 21.390

Mirrors 7.141

Roof -5.624

3

Bodywork

60

1048.79

1124.963
Spoiler 73.401

Mirrors 27.789

Roof -25.017

4

Bodywork

90

2398.7

2565.702
Spoiler 183.922

Mirrors 44.360

Roof -61.280

c) d)

b)a)
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generated on the roof of the research vehicle are 
about 170 Pa at a flow rate of 13 m/s and, respec-
tively, 640 Pa, 2500 Pa and 4500 Pa for the sub-
sequent research speeds.

The extreme values of speed occur in places 
of a reduced pressure, i.e. above the cabin and the 
front wheel arches. The maximum values of air 
velocity in the plane of symmetry are respectively 
20.3 m/s, 39.0 m/s, 77.8 m/s, 147.6 m/s for the 
each computational case. This represents an in-
crease in velocity from 30% to 64% with respect 
to the value of the velocity of the undisturbed flow.

The greatest contribution to the generation 
of aerodynamic drag force is the bodywork. The 
component of the drag force generated on the 
spoiler, mirrors and the roof is ten times lower 
(Fig. 8). In addition, a negative drag force equal 
to 30 m/s is generated at the roof. 

Based on the analysis of the results obtained, at-
tention should be paid to the formation of vacuum 
areas above and below the vehicle, which is a char-
acteristic feature of sports cars. At the rear of the 
car, there is a very small vacuum field with lower 

absolute values compared to the one in typical pas-
senger cars, especially with respect to vehicles with 
a rectangular geometry such as buses and trucks.

The performed calculations can be used to op-
timize the shape of the vehicle or to investigate the 
impact of additional components on the bodywork 
(for example changing the profile and tilt angle of 
the spoiler, using additional flaps and fairings) to 
the general aerodynamic characteristics.

NOMENCLATURE

Cx – drag force coefficient [-]
L  – the reference length related to the size of the 

duct, [m]
l  – turbulence length scale, [m]
Px  – drag force, [N]
S  – frontal area of the body car, [m2]
v  – velocity, [m/s]
ρ  – density, [kg/m3]
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Fig. 7. Total drag force as a function of air velocity

 

Fig. 8. Drag forces for individual components of the car body depending on the air velocity
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