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Abstract In the development of the times and technology, demands for forms and
characteristics have a good aerodynamic value. As a result, various types of new
models are emerging rapidly in the automotive market. In addition, many drivers
modify their cars. One of them is by adding a body kit or just adding a spoiler to make
it more esthetic. As time goes by, many car manufacturers pay attention to several
aspects in designing their cars. One of them is aerodynamic. The aerodynamics
performance of a car is affected by the drag coefficient (Cd) or drag when the car is
in motion. Furthermore, to get this Cd value, a study will be carried out that focuses
on the effect of adding spoilers with NACA 2412 on vehicles. The research can be
carried out using the CFD simulation. In the study, a simulation was carried out using
a Hatchback car and two spoiler models with a NACA 2412 airfoil profile. The result
obtained is that a car without a spoiler produces a Cd of 0.562, and for a car model
with a spoiler 1, it produces a Cd of 0.383, while for a car with a spoiler of 2 it
produces a Cd of 0.409.
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1 Introduction

Aerodynamics is defined as a change in the movement of an object due to air resis-
tance when moving at high speeds. The aerodynamics of a car is also called the drag
coefficient (Cd) or drag when the car is in motion. Aerodynamics is inseparable from
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the science regarding the profile of the Naca airfoil. Spoiler is a car component that
affects the aerodynamics of a car, Rear spoiler is responsible to the drag and down-
force experienced by the car. Spoilers work by applying downforce or downward
pressure force on the car to reduces the lift generated by high speed [1].

In particular, rear spoiler of a car come in many geometries based on the function.
One could come from the dealership, or as accessories. The application of rear
spoilers on a car is also often related to the esthetics of the vehicle, especially in
hatchback type. Application of inappropriate rear spoiler geometry may relate to
safety. Rear spoiler effect on a car can be analyzed with experimental methods using
wind tunnel, which usually complicated, limited only for some geometries and costly.
Other way to analyze the effect of rear spoiler is by using CFD method [2]. As the
next step of this Cd analysis research, a study will be conducted that focuses on the
effect of adding spoilers with NACA 2412 on a hatchback type vehicle, the vehicle
to be used is the third-generation VW Scirocco [3-5]. The choice of this vehicle is
because the model of the vehicle is attractive and quite in demand in the market.
The formulation of the problem in this study is how the value of Cd with the use of
spoilers with the Naca 2412 airfoil profile [6—8]. The formulation of other problems
is what factors affect Cd in vehicles and how to analyze the fluid flow rate in vehicles.

In this study, the limitation of the problem used was a car of the hatchback type
and the speed of the vehicle used started from 60 km/h. To obtain the results of this
study, it will be compared the Cd value produced between the car with the addition of
spoilers with NACA 2412 and with those that are not. The purpose of this study is to
analyze the influence of aerodynamics of vehicle performance by using rear spoilers
and to determine the effect of using spoilers with NACA 2412 on the downforce of
hatchback type vehicles [9].

1.1 Problem Formulation

Looking at the problems that arise, it can be known what to do, namely:

1. How does the use of spoilers with NACA 2412 airfoil profile affect the Cd value?
2. How is the analysis of fluid flow rate in vehicles?
3. What factors affect Cd in cars?

2 Research Method

Analysis of the study of Cd on steel plate with airfoil NACA 2412 profile was
carried out by experimental method. Experiments were carried out to determine
the aerodynamic performance of the plate and also the best mesh configuration.
This research uses computational fluid dynamics (CFD) simulation. This simulation
uses the ANSYS Student 2022 R1 and Autodesk Fusion 360 software which is
carried out on an Acer Aspire E14 laptop. The simulation is divided into three stages,
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starting with the geometric model process, then the CFD model, and the last one is
post-processing [10, 11].

2.1 Geometry Model

In this study, it used a hatchback type vehicle. An example car used is the third-
generation VW Scirocco car. The VW Scirocco has dimensions of 4256 x 1810
x 1404 mm. The creation of this geometry is done using the Autodesk fusion 360
application (Figs. 1, 2).

Next is the spoiler design process which is also carried out on the Autodesk fusion
360. The spoiler is designed by utilizing the shape of the NACA 2412 airfoil profile,
and the dimensions of the spoiler are 1800 x 150 mm as seen on Fig. 3.

Fig. 1 VW Scirocco [12]

Fig. 2 Car geometry design
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Fig. 3 Spoiler model

The computational domain used for simulation has a length of 1418.64 mm, a
width of 784.73 mm, and a height of 463.16 mm with details of the length of the
front wall, right side, left side, and top which is two times the size of the car length.
For the rear length, it is 5 times the length of the car. And the bottom wall is 50 mm.

2.2 CFD Models and Configuration

CFD simulation is conducted by using Ansys Fluent Student Edition. In the simu-
lation process of this vehicle, a 0.005 m mesh is used and with a type of mesh,
namely tetrahedral SST k-w turbulence model is used [13]. For the vehicle simula-
tion process, the velocity used is 16.66 m/s or 60 km/h, the density of air is 1.225 kg/
m?, and the temperature is 288.16 K. After carrying out the feeding meshing process,
the number of nodes was obtained by 87,382 and the number of cells was 469,049
(Fig. 4).

The car used for the simulation process will be reduced by a scale of 1:24 or
reduced by 24 times its original size. This is intended to simplify the CFD simulation
process that will be carried out. After the vehicle and spoiler design process is carried
out, the process continued to assembling the two component. The spoiler is placed
on the back of the car with a slope level of 25°, and for the second spoiler, it is placed
150 mm from the vehicle body. CFD simulation conducted three-dimensionally with
single-phase air. In order to simplify the simulation process, the geometry model is

Fig. 4 Meshing results
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Fig. 5 Car configuration 1

Fig. 6 Car configuration 2

reduced 24 times than its original size. Since the right and left side geometry of the
model is identic, the simulation is assumed to be symmetric (Figs. 5, 6).

2.3 Turbulence Model

This k-omega turbulent SST model is a k-omega turbulent model that has been refined
several times due to its weakness in sensitivity to free stream boundary conditions.
In the model refined by Menter, the k-omega model is combined with the k-epsilon
model, so that it has good capabilities in the area around the wall and a low Reynold
number as an advantage of k-omega, and flows with adverse pressure gradients and
insensitivity in the free stream area which is the advantage of k-epsilon.
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3 Result

The final result of the simulation will later compare the best Cd values of cars without
spoilers, cars with spoilers 1, and cars with spoilers 2. The simulation will be carried
out by providing a fluid flow inlet on the X axis.

3.1 CFD Simulation Results on Static Pressure Contours

In the simulation results carried out on the three car models, it can be seen that Fig. 8
which is the result of static pressure simulation for cars without spoilers has a fairly
small static pressure with a static pressure value of 1616 Pa compared to two car
models with other spoilers. Figure 9 illustrates the greatest spread of static pressure
on the front bumper, windshield, and in the spoiler section of the car with a value
of 1942 Pa. Meanwhile, Fig. 10 which depicts a simulation of a car with spoiler 2
shows the largest spread of static pressure points in the front bumper, windshield,
and legs that connect the spoiler and car body with a static pressure value of 1720 Pa.

By looking at the contours of static pressure in Figs. 7, 8, and 9, it can be seen that
with the addition of a spoiler, it can affect the static pressure on the car. The greater
the static pressure, the greater the downforce on the car. This happens because static
pressure occurs in the spoiler and the direction of the static pressure is toward the
bottom. So the greater the static pressure that exists, the greater the downforce value,
with an average value increase of 0.63%.

3.2 CFD Simulation Results on Velocity Contours

In the simulation with a car model without a spoiler depicted in Fig. 11, the speed
produced after the separation process is equal to the inlet speed of 16.66 m/s. This
event also affects the resulting wake being less massive. This happens because the
data collection point chosen is the point that will be affected by the presence of a
spoiler, so that in a car simulation without a spoiler, the resulting speed does not have
an impact on body separation.

In the second simulation, namely a car with spoiler 1, it can be seen in Fig. 12, the
speed produced after the flow separation process is 2.55 m/s. The speed is reduced
due to the presence of a large Wake, so that it has an impact on reducing the flow
speed.

In the third simulation using a car model with spoiler 2 whose results can be seen
in Fig. 13, the resulting speed is 12.85 m/s. This happens because the Wake produced
after separation of the flow is not too large, so that it has an impact on the speed on
the back of the car.



Aerodynamic Analysis of the Rear Spoiler of Hatchback Vehicles Using ... 165

Fig. 7 Symmetry domain

Fig. 8 Static pressure car without spoiler
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Fig. 9 Static pressure generated by spoiler model 1

Fig. 10 Static pressure generated by spoiler model 2

Fig. 11 Car velocity contours without spoiler

3.3 CFD Simulation Results on Aerodynamic Force

Based on the presentation of simulation data and calculations that have been carried
out above, it can be seen that the Cd value generated by cars with spoiler 1 has
a smaller value of 0.383 while cars without spoilers have a Cd value of 0.562; this
indicates that the Cd on cars with spoiler 1 depreciated by 31.73%, while in cars with
spoiler 2 which have a Cd value of 0.409, it depreciated from cars without spoilers
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Fig. 12 Car velocity contour with spoiler 1

Fig. 13 Car velocity contour with spoiler 2

as much as 27.13%. This CFD simulation results related on Cd and CI provided in
Table 1.

From this, it can be said that the addition of spoilers has proven to be able to reduce
the value of Cd which makes drag on vehicles improve. This is also evidenced by
the European Journal of Computational Mechanics with its journal entitled “Reduce
drag Coefficient of a Hatchback car utilizing fractional factorial design algorithm”,
suggesting that cars with spoilers can produce Cd that are less valuable than cars that
do not have a spoiler [14]. The journal simulates a car with a hatchback type and
produces a Cd on a 0.282-sized car and a 0.411 non-spoiler car.

In addition to Cd, there are simulation results in the form of lift or cl coefficients,
the value of this coefficient will decrease as static pressure increases. This can be
proven by the cl value in cars with spoilers that have been reduced by 5.47% compared

Table 1 Drag coefficient and lift coefficient data

No | Variations Cd Decrease value of Cd | Cl Decrease value of Cl
Without spoiler | 0.562 - 0.737 -

2 Spoiler 1 0.383 |31.73% 0.696 |547%
Spoiler 2 0409 |27.13% 0.698 |521%
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to cars without spoilers with a static pressure value of 1942 Pa. As for the cl value
on cars with spoiler 2, it was reduced by 5.21% with a static pressure value of 1.720.

4 Conclusion

Based on the simulation results with the CFD method and the presentation of data
that has been previously provided, it can be concluded:

1. Based on the simulation results on three car models with a speed of 16.66 m/s
or 60 km/h, it can be concluded that adding a spoiler can make drag on the car
improve, and this can be seen in Fig. 11 describing the results of the car velocity
simulation with spoiler 1 in addition to that in Fig. 8 explaining that the vehicle
with spoiler 1 has the most static pressure among 2 other car models, namely
1.942 Pa which will make the compressive force down the better.

2. Wake created by the separation of the flow of the vehicle body can cause a drag
effect on the vehicle the greater and longer the Wake created, the better the drag
on the vehicle and vice versa the smaller and shorter the Wake created by the
separation of the vehicle body flow, the worse the drag that exists on the vehicle.

3. Taking into account the aerodynamic forces in vehicles, the NACA 2412 airfoil
chosen as the basic form of spoiler manufacturing was shown to increase drag
on the vehicle. This can be viewed from the Cd value generated by each vehicle
model. Cars without spoilers have a Cd value of 0.562, for cars with spoiler 1
have a Cd value of 0.383, and for cars with spoiler 2 have a Cd value of 0.409.
This shows that the use of spoilers with a NACA 2412 airfoil profile can reduce
the Cd produced by cars without spoilers.
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