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Abstract. Aerodynamic drag is influenced by the geometry of the front, windshield, roof, and rear of the vehicle. Most of
the drag on the vehicle is due to the low pressure and flow separation at the rear of the vehicle. Therefore, one of the efforts
that can be made to reduce aecrodynamic drag is changing the shape of the vehicle model, especially at the rear window tilt
angle. This study aims to analyze the effect of changing the shape of the rear window on the aerodynamic drag of the sedan
vehicle model. The object of this research is a sedan vehicle model with a front window tilt of 25°. The research was carried
out using two approaches, namely a computational approach using a computational fluid dynamics program and an
experimental approach using a subsonic wind tunnel. The rear window tilt angle of the sedan model is set at an angle of
20°, 23°,25°, 27°, and 30°, and the upstream speed was set at 19.4 m/s. The results showed that the change in the shape of
the rear window has an effect on the flow separation and turbulence developed at the rear of the sedan vehicle model. It
also affects the pressure coefficient and aerodynamic drag. The smallest aerodynamic drag coefficient is obtained at the
rear-window tilt angle of 20°, gaining 0.691 for the computational approach, and 0.665 for the experimental approach.

INTRODUCTION

One of the references to the development of automobile is in the design of shape of the vehicle’s body. The
development is aimed to gain more aecrodynamic body shapes to deminish the drag. Overtime, the design of car shapes
is everchanging, not only to adapt with modern trends, but also in engineering point of views, including the
aerodynamic drag [1] [2] [3].

In general, a moving car will experience aerodynamic drags caused by fluid flow that comes into direct contact
with the car body. Large aerodynamic drags are caused by a decrease in pressure and flow separation that occurs in
the rear of the car [4] [5]. Flow separation that occurs at the velocity boundary layer of fluid flow and solid surface of
the car will form a backflow [6] [7].

For objects moving in a viscous fluid, the drag forces and the lift forces are strongly related the to flow separation
[8]. The separation of the flow will cause a wake behind the cylinder that results in drag. The earlier the emergence
of the flow separation, the wider the wake so that the greater the drag aerodynamic drag contribution in the vehicle is
influenced by the geometry of the car's front, windshield, roof and rear that have been determined by various models
through testing and numerical calculations [9] . In recent days, aerodynamic drag in cars can be known easily through
experimental and computational processes.

Various types of passenger cars circulate in the market, in terms of design, manufacturer, and engine capacity. The
common car accommodates 5-7 people and has an engine with large power that is adjusted to its carrying ability with
a body shape that does not consider aecrodynamic aspects so that the drag force experienced is considerably large.
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Most of the drag forces appear on the car due to low pressure and separation of flow at the back of the car. The earlier
the emergence of the flow separation, the greater the wake formation behind the vehicle.

In the fluid dynamics review, methods to reduce aerodynamic drag can be achieved by modifying the flow of air
through the vehicle body and delaying separation and reducing the development of the recirculation area at the back
of theseparated swirling structure [10]

The computational approach using fluent CFD 6.3 software was used in this study with the aim of investigating
the effect of the placement of fin and suction on the aerodynamic constraints of vehicle models.

RESEARCH METHODOLOGY

The object of the research used is the body of a sedan model car. As a reference material, dimensions are used in
experiments with a scale of 1: 32. The 1:32 scale to the original model was used to facilitate the experiment, and
reduced the cost for the manufacture of the model in Figure 3.1. with dimensions of length 138.28 mm, width 54.06
mm, height 40.63 mm, front angle 25° and rear angle 25°. This research was conducted by changing the shape of the
rear window tilt angle of the test model. Where there are four treatments of test models, namely rear rear window tilt
0f 20°,23°, 27°, and 30°. The test model with a 25° rear angle is seen in figure 1.

FIGURE 1. Rear angle test model dimensions 25°

In this study, a computational approach was used using the CFD Fluent 6.3 software with a standard k-epsilon
turbulence model with equations as shown in the Eq. 1 and the Eq. 2.
a. Kinetic Energy

0 0 0 [( g )0 L,
% (pk) + 5= (plew) = o= | (u+ 2) 2|+ P+ Py = e = Vi 45, (1)
b. Dissipation Rate
a a a 2
% 66) + (o) = |(u+ £) 2|+ €L (P +CacPy) ~ Cacp T+ 5 @)

The relationship of drag force and the drag coefficient that occurs on the vehicle model is displayed in Eq. 3.

F
C = —
D™ Louza

3)

The type of meshing used is tet/hydrid type hex core. with the boundary conditions seen in Table 1.
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TABLE 1. Computing boundary conditions

Boundary Conditions Type Value
Inlet Velocity Inlet 19.4 m/s
Outlet Pressure Outlet -
Model Wall -
Wall/Wind Tunnel Wall -

The computational approach includes data retrieval pressure distribution, intended to support the aerodynamic
drag results of the vehicle model. Basically, for the applications on vehicle model, acrodynamic drag reduction is
characterized by an increase in pressure field on the rear wall of the vehicle model. The location of the data collection
can be seen in the area behind the object in 8 points (15, 16, 17, 20, 21, 22, 23 and 24). It is also focused on how many
different areas, at the top of the 16 points (5, 6,7, 8,9.1 0, 11, 12, 13, 14, 15, 16, 17, 18 and 19) and the front of the
11-point test model (1, 2, 3,4, 5, 6, 7.8 9, 10 and 11), resulting in data of 24 points for the models presenting pressure
coefficients. Details of the location of the pressure distribution data capture are displayed in Figure 2.

(c) Rear view

FIGURE 2. Location of pressure field data retrieval on the test model
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RESULTS AND DISCUSSIONS

Flow characteristics

The flow characteristics of the rear window of test model with an initial tilt angle of 25°, and subsequently
varied at 20°, 30°, 27°, and 30°, using the upstream velocity shown in figure 3.

In figure 3 part a shows the flow separation that occurs in the rear angle test model 25. The separation of the
flow is caused by the flowing fluid can no longer follow the surface shape of the test model. The separation of streams
results in a backflow on the back of each test model that forms a olakan. The backflow arises due to the appearance
of negative pressure that causes the phenomenon of suction towards the back. Suction towards the back is the main
cause of the magnitude of drag on the test model. In addition to flow separation, the drag is also caused by the
appearance of a vortex on the back of the test model. This is due to the difference in speed in the area close to the rear
window angle of the model .

In figure 3 parts b and ¢ show the vortex formed experiencing a slight decrease where the shape of the vortex
is somewhat thin when compared to the angle of 25°.This indicates that the effect of changes in shape on the rear
window can affect. Because for the shape of the flow that passes through the surface through the separation delay. So
that the wake and vortex that formed are somewhat reduced. The best separation delay is at the rear window tilt of
20°. Where the shape resembles a fastback car that can minimize the wake area itself.

In figure 3 parts d and e show the wake and vortex getting bigger when compared to 25° tilt angle. This
happens because the shape of the model undergoes earlier separation on its surface.

(a) Rear window tilt 25°

(b) Rear window tilt 20°
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(c) Rear window tilt 23°

(d) Rear window tilt 27°

(e) Rear window tilt 30°

FIGURE 3. Pathline speed with rear window tilt angle variations (a) Rear window tilt 25° (b) Rear window tilt 20° (c) Rear
window tilt 23°(d) Rear window tilt 27° (a) Rear window tilt 30°
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Pressure coefficient

The pressure coefficient values on the test model with changes in rear window tilt shape variation by looking at
the location of the data capture in figure 2. The negative pressure coefficient value in the back area of the test model
indicates the presence of a suction phenomenon towards the back that causes drags in the test model. The pressure
coefficient value of the computing result with an upstream speed of 19.4 m/s is displayed in graphs. The pressure
distribution on vehicle model with the rear window tilts of 20° and 25° is seen in figures 4 and 5. From the graph it
can be seen that at the rear window tilt of 20° has a larger distribution when compared to the tilt angle of 25° This
happens because the change in the rear window tilt of 20° is experiencing separation delays so that the pressure value
of the suction area increases.
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FIGURE 4. Comparison of pressure distribution on 20° and 25° rear window tilts for computational approach
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FIGURE 5. Comparison of pressure distribution on 20° and 25° rear window tilts for experimental approach
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For the distribution of pressure on the back of the test model with a rear angle of 23° shown in figures 6 and
7. From the graph it can be seen that at the rear angle 23° has a larger distribution when compared to the angle of 25°
although the change is not as large as the angle of 20°.
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FIGURE 6. Comparison of pressure distribution of 23° and 25° rear window tilts for computational approach
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FIGURE 7. Comparison of pressure distribution of 23°and 25° rear window tilts for experimental approach

For the distribution of pressure on the back of the test model with a rear angle of 270 shown in figures 8 and
9. From the graph it can be seen that at the rear angle 270 has a smaller distribution when compared to the angle of
250. This shows that at that angle it is separation earlier when compared to the angle of 250 so that the pressure on
the back area of the model decreases.
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FIGURE 9. Comparison of pressure distribution on 20°and 25° rear window tilts for experimental approach
For the distribution of pressure on the back of the test model with a rear angle of 30° shown in figures 10 and 11.

From the graph it can be seen that at the rear window tilt 30° has a smaller distribution when compared to the angle
of 25° at this angle experienced a greater decrease in the pressure coefficient also compared to the angle of 27°.
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FIGURE 11. Comparison of pressure distribution on 30°and 25° rear window tilts for experimental approach

Drag coefficient

Testing to figure out the value of drag coefficients is done using computational and experimental approaches. The
change in angle from the rear window on the test model is intended to reduce the magnitude of aerodynamic drag. To
see the effect of the change, a simulation was performed using CD parameters in accordance with the equation in the
previous chapter with the density used at 1,225 kg / m3 which is considered constant and the frontal area of the test
object of 0.002196™> The data obtained is then displayed in a comparison graph between the drag coefficient (CD)
values and the upstream speed. The upstream speed simulated in this study is 19.4 m/s. In this study, the test model
with the initial angle of the rear windshield of the sedan car is 25° also simulated with the aim of comparing later with
the test model that has a variation in tilt angle. Drag coefficient values can be seen in Figures 12 and 13 as well as
Tables 2 and 3.
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TABLE 2. Drag coefficient values on the test model with variations in the rear window tilts for computational approach

. tilt angle
Upstream velocity 250 20° 230 270 30°
11.1 0.731 0.717 0.722 0.738 0.759
13.9 0.712 0.694 0.706 0.717 0.729
16.7 0.691 0.679 0.686 0.700 0.710
19.4 0.678 0.665 0.673 0.685 0.700
22.2 0.668 0.652 0.664 0.671 0.683

TABLE 3. Drag coefficient values on the test model with variations in rear window tilts for experimental approach

Upstream veloci tilt angle
P v 25° 25° 25° 25° 25°
11.1 0.774 0.760 0.773 0.783 0.790
13.9 0.737 0.723 0.735 0.746 0.753
16.7 0.718 0.704 0.716 0.726 0.733
194 0.699 0.691 0.697 0.706 0.719
22.2 0.684 0.674 0.684 0.690 0.706
0.76
,_::E 0.72
§ 0.70
2
5 068
0.66
10 12 14 16 13 20 22
Upstream velocity Uy (m/s)
e 207 tilt —e— 237 tilt 25° tilt 27° tilt —— 307 tilt

FIGURE 12. Drag coefficient values on the test model with variations in rear window tilts for com

putational approach

drag coefficients

0.78

10 12 14 16 1B

Upstream velocity Uy (m/s)

—== 20°tilt =¥ 23" tilt

25° tilt

27° tilt

== 30°tilt

FIGURE 13. Drag coefficient values on the test model with variations in rear window tilts for experimental approach
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Based on tables 1 and 2 as well as Figures 12 and 13, a decrease in drag coefficient values at upstream speeds of
19.4 m/s is best at the rear window tilt of 20°. The drag coefficient value at that angle is 0.691 for the computational
approach and 0.665 for the experimental approach. This is in line with the results of research conducted by Conan et
al for the largest drag value reduction being at the rear window tilt of 20° when compared to the rear window tilt of
25° and the rear window tilt of 30° [11]

CONCLUSION

The change in the angular shape of the rear window has a positive influence on the characteristics of the flow
pattern, where there is a delay in flow separation and the largest reduction of the turbulence is at the rear window
angle of 20° with an upstream speed of 19.4 m / s. At the pressure coefficient of the rear wall of the vehicle model at
the same speed experienced an increase in the value of the highest pressure coefficient, namely at the rear window
angle of 20° And the smallest drag coefficient reduction is at a rear angle of 20° upstream speed of 19.4 m/s, 0.691
for computational approaches and 0.665 for experimental approaches.
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