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Abstract. The aerodynamic aspect of a vehicle is related to the emergence of drag on the vehicle. Aerodynamic drag
arises due to the low pressure and flow separation that occurs at the rear of the car. This affects the amount of fuel
consumption used by vehicles. The earlier the emergence of the flow separation, the larger the wake area will be and
cause a decrease in pressure at the rear of vehicles. Therefore, efforts are needed to reduce the aerodynamic drag on
the vehicle so that it can delay the flow separation and increase the pressure at the rear of the vehicle by implementing
flow control. This study aims to analyze the effect of passive control in the form of fin and active control in the form
of suction on the flow characteristics, pressure field, and aerodynamic drag of the vehicle model. The test model used
is Ahmed's body modified in flow direction with a slant front geometry of 25°. The research was carried out with two
approaches: a computational approach by using the Computational Fluid Dynamics (CFD) program ANSYS Fluent
6.3.26, and an experimental approach by using a subsonic wind tunnel. The upstream flow speed is 22.2 m/s and the
suction speed is 0.5 m/s, 1.0 m/s, and 1.5 m/s. The results show that the addition of passive fin control and active
suction control could delay flow separation, reduce turbulence, and increase pressure at the rear of the test model. The
largest increase in the minimum pressure coefficient value is 56.66% and the largest acrodynamic drag coefficient
reduction is 16.902% for the computational approach and 17.757% for the experimental approach which occurs at a
suction speed of 0.5 m/s.

INTRODUCTION

The recent progress of science and technology is very remarkable, especially in the field of transportation
which is experiencing very rapid development. This can be indicated by the increasing production of cars in the
world, one of which is the family van. This type has a large engine capacity but with a body shape that does not
pay attention to aerodynamic aspects. To overcome the large acrodynamic drags in vehicles, one of the innovations
made by car manufacturers is innovation in the design aspect of the car shape. Innovations continue to be made
to develop an aerodynamic car body shape to delay flow separation and reduce energy consumption due to drag
on the car body without neglecting ergonomic and aesthetic aspects. [1] [2].

In vehicles, the flow separation that occurs is very complex. Flow separation occurs throughout the exterior
of the vehicle. This gives a remarkable influence on the complexity of the flow. This pressure difference causes
the phenomenon of suction towards the back due to backflow that occurs at the rear of the vehicle [3]. The pressure
difference between the front and the rear of the vehicle is a prominent contributor to the overall drag caused by
the flow separation at the rear of vehicles [4]. The earlier the emergence of the flow separation, the greater the
formations of wake and vortex at the rear of vehicles. This has an impact on reducing the speed of vehicles,
creating more fuel consumption, and thus lowering the efficiency of vehicles [5].

The flow separation results in the formation of backflow around the object. Flow that moves regularly will
split during separation and result in the decrease of the pressure distribution, and the occurrence of drag forces
[6]. Efforts to minimize drag are a good step to reduce fuel consumption. By reducing aerodynamic drag by 15%,
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the vehicle results in fuel consumption savings of 5-7% [7]. An interesting result of reducing aerodynamic drag
is obtained by placing the control devices at the rear with orientation parallel to or transverse to the main flow [8].

Roumeas et al (2009), have conducted a numerical study on drag reduction by controlling flow separation at
the rear of the vehicle. A series of simulations were carried out by using the Lattice Boltzmann 3D method with
the k-epsilon RNG turbulence model, applied in an Ahmed model with an angle of tilt of 25° to the horizontal
reference. The flow control devices were continuous suction placed on the sloping side of the rear of the fastback
car. Results obtained indicated that suction controls provide a reattachment effect on the separated flow on the
inclined plane wall of the Ahmed body and a drag reduction of up to 17% [9].

In addition, in 2016 research conducted by Marsaut Maurit Rumapea et al by adding fins to the ship's rudder
found that the addition of 2 can reduce the drag value by 64% of the drag value without using fins and has the
highest L/D ratio of 8.16 [10]. A similar study was also conducted by Yosafat Nugraha Putra et al in 2017 found
that the addition of fins on the center bulb of the Catamaran was able to reduce the total drag by 20%, namely
1.65 N at high speed with Froude Number = 0.35, the number of fins added was 6, and with fin width 0.13 m [11]

One of the active control studies with suction was used to control flow separation at the back of the Ahmed
body with a slope of 25°. The results obtained are a drag reduction of up to 18% for the suction speed Vs = 0.6
times the free stream velocity [12]. The same study also conducted by Rustan Tarakka et al indicated that the face
geometry and the use of active suction control in the reversed Ahmed model had a significant effect on the drag
coefficient. The biggest reduction in drag coefficient occurs with a slope angle of 25° at the front, which is 14.09%
[13]

A computational approach using CFD Fluent 6.3 is used in this research, aiming to understand the effect of
the application of fin and suction to the aerodynamic drag of the vehicle model.

RESEARCH METHODOLOGY

The model of this research is the bluff body model of the vehicle (reversed Ahmed body). Dimensions Length
174 mm, width 64.83 mm, height 48 mm, and the front tilt angle is 25 ° to the horizontal plane. Modifications to
the Ahmed body model were made to resemble a passenger car which is in great demand in Indonesia, which
tends to take the form of a family van. This study uses the fin model shown in figure 1. The use of passive control
in the form of fins and suction active controls on the reversed Ahmed body is shown in figure 2. An upstream
velocity of 22.2 m/s, and the suction speed of 0.5 m/s, 1.0 m/s, and 1.5 m/s, are used in this study.

P =
A ‘

FIGURE 1. fin passive control model

174,00

’ :
]
cooa —| o
Al |geoo
285 Il

- - 64,83

(a) Without Control (b) With fin and suction
FIGURE 2. Model test of reversed Ahmed body
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In this research, a computational approach was used using CFD Fluent 6.3 with a standard k-epsilon turbulence
model, accommodating the equation as shown in Eq. 1 and Eq. 2.

a. Kinetic energy

2 ok 4 (olew) = 2| (1 4+ ) 2 oy
% 0k) + o= (o) = S| (w+ ) 2]+ P+ Py = pe = Y 5 (M)
b. Dissipation Rate

a a a 2

(08 + 5= (peuy) = [(u+ ) 3o+ Crey P+ Caclo) = Caep S+ 5 @)

The relation between the drag force and the drag coefficient working in the vehicle model is shown in
Eq. 3.

)

F
Cp=—
D7 Loua

The meshing type used is tet’hybrid hex core type with boundary conditions shown in Table 1.
TABLE 1. Computational boundary condition

Boundary condition Type Value
Inlet Velocity Inlet 22,2 m/s
Suction Velocity Suction Varied (0,5; 1,0; and 1,5 m/s)
Outlet Pressure Outlet 0 Pa (gauge)
Model Wall -
Wall/Wind Tunnel Wall -

Pressure distribution data collection is computationally determined on the back of the vehicle model. The
reason is because at that location there is a separation of flow and wake so that negative pressure appears which
contributes 80% of the total drag [14]. The pressure field data collection locations were taken along the horizontal
axis in five different areas on the back, designated as z/'w =-1/2, z/w=-1/4, z/w=0, z/w=1/2, and z/w=1/4, and the
five areas along the vertical axis are y/h=0.83, y/h=0.67, y/h=0.50, y/h=0.30, and y/h=0.17. Thus, 25 data points
will be obtained for without control and 20 data points for models with passive control combined with active
control. While at the top, five areas are taken along the vertical axis, namely x/L=0.05, x/L = 0.25, x/L = 0.45,
x/L =0.63 and x/L = 0.9 and five areas along the horizontal axis, namely z/w=-1/2, z/w=-1/4, z/w=0, z/w=1/2 and
z/w=1/4. The arrangement of the pressure distribution data collection are shown in figure 3.

control

o/

Cp data - o
= = = ctive A
probe \-\—\_\ ziw = -1/2 ziw =0 zhw = 112 Esmtral ziw = -1/2 ZN:/ &0 zhw = 1/2 Cp data
- | PR | " probe
yih = 0.83 [} ® - el S ) g
. 4 (S ) Se. ) (8o (i) (5]
i : ; 5 : &) (B () (& (&)
3 - - i S [ Rl | wh=050
o O 0 O O -0 . o @ . ."—_ ¥
yh=06T—" @ & @ @ @ h=0——@ @ @ @@
® & -0 @ —y/h =0.30
yih=0.17— g "YU T Yoo ’
0 L
ZEsL LA zhw = -1/4 zhw £ 174
(a) Without rear control (b) With rear fin and suction
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= x1=09

x/1=0.63
— x/1=045
=~ x/1=0.25
- x/1=0.05

1

1 H 1
7iw=-112 7w =0 7w =172

(c) With top fin

FIGURE 3. Location of pressure field data ; a) without rear control, b) with rear fin and suction, and c) with top fin
RESULTS AND DISCUSSION

Flow characteristic

The flow characteristics of the model without control and the model with passive control and active control
with an upstream speed of Usc = 22 m/s and each suction speed of Usc; = 0.5 m/s, Usco= 1.0 m/s, Uscz= 1.5 m/s
are shown in figure 4.

Figure 4 part a shows the flow separation emerging in the uncontrolled test model. The flow separation is
suspected to emerge when fluid can not flow through the surface in a rather similar shape of the surface of the
test model. The existence of flow separation results in backflow at the rear part of respective test models. Backflow
forms due to the emergence of negative pressure, causing a backward suction phenomenon. This backward suction
is the main reason for the large drag in the uncontrolled test model. In addition to that, drag is also produced by
the existence of longitudinal vortex [15]. Other than that, the wake is also induced by the longitudinal vortex,
formed at the rear edge of respective test models. This is due to the difference in flow velocity between the center
side and the rear side of the vehicle model. The difference in velocity causes the flow from the center to move
towards the side, resulting in the formation of a longitudinal vortex.

In figure 4 parts b, ¢ and d show the flow separation that occurs in the test model using passive control and
active suction control. The flow phenomenon that occurs in the addition of passive fin control and active suction
control causes a reduction in the turbulence and vortex area at the rear of the vehicle compared to the test model
without control. The magnitude of the reduction in the turbulent region on the back of each test model is different.
This is influenced by the implementation of active suction control with varying speeds. The test model with the
application of active suction control at a suction velocity of 0.5 m/s showed a smaller turbulent area and
longitudinal vortex compared to the test model with the application of an active suction control at 1.0 m/s and 1.5
m/s respectively. This indicates that the effect of reducing the turbulence area and longitudinal vortex with the
use of passive fin control and active suction control is more optimal in the test model with fin and suction velocity
Usc = 0.5 m/s. The findings are in line with research by Harinaldi et al. who found that the application of active
suction control at the rear of the vehicle model was able to reduce wake formation [16].
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(a) Without control (b) With fin and suction, Usc = 0.5 m/s

b\'._}; 3 * N \ N
(c) With fin and suction, Usc = 1.0 m/s (d) With fin and suction, Usc = 1.5 m/s
FIGURE 4. Velocity pathline of models with and without fin and suction

Pressure Coefficient

The computational results are shown in the following figure. Figure 5 shows the value of the pressure
coefficient for the upstream velocity of 22.2 m/s in the absence of rear and upper control. The values of pressure
coefficients at the top will show the effect of adding fin before and after. As well as for the pressure coefficient
value on the back will show the accumulation of the effect of adding passive fin control and active suction control.

For pressure distribution data on the back of the test model without control and the test model with fins and
suction can be seen in table 2.

TABLE 2. The value of the minimum pressure coefficient of the back

Minimum Pressure Coefficient (Cp)

Position Finand Finand Finand
(z'W)  Without suction, suction,  suction,
control Usc=0.5 Usc=1.0 Usc=1.5

m/s m/s m/s

-1/2 -0.909 -0.483 -0.559 -0.672
-1/4 -0.774 -0.300 -0.298 -0.390

0 -0.640 -0.274 -0.275 -0.287
1/4 -0.774 -0.274 -0.298 -0.364
1/2 -0.909 -0.405 -0.559 -0.672
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FIGURE 5. Pressure distribution on the rear of the test model with and without fin and suction
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In Figure 5 a, it is found that the minimum pressure was on the top side of the rear of the model, at the
position of the grid size to model height ratio, y/h=0.83, at position z/w=-1/2 at -0.909, at position z/w=-1/4 at -
0.774, at position z/w=0 at -0.640, at position z/w=1/4 at -0.774, and at position z/w=1/2 at -0.909. At the position
y/h=0.83 the value of Cp obtained is small, this is due to the fact that it is seen from the flow characteristics at
that position that there is a flow separation right on the rear side of the vehicle. In Figure 5 b, the minimum
pressure is found on the top side of the rear of the vehicle model, at the position of the grid to model height ratio,
y/h=0.67, at position z/w=-1/2 worth -0.483, at position z/'w=-1/4 is -0.300, at position z/w=0 is -0.274, at position
z/w=1/4 1s -0.274, and at position z/w=1/2 is -0.405. In Figure 5 c, it is found that the minimum pressure is on the
top side of the rear of the model, at the grid size to model height ratio, y/h = 0.67, at position z/w = -1/2 worth -
0.559, at position z /w = -1/4 is -0.298, at position z/w = 0 is -0.271, at position z/w = 1/4 is -0.298, and at position
z/w =1/2 is -0.559. In Figure 5 d, it is found that the minimum pressure occured on the top side of the rear of the
model or at the grid size to model height ratio, y/h=0.67, at position z/w=-1/2 worth -0.672, at position z/w=-1/4
is -0.390, at position z/w=0 is -0.287, at position z/w=1/4 is -0.364, and at position z/w=1/2 is -0.672.

For pressure distribution data at the top of the test model without control and the test model with fins and
suction can be seen in table 3.

TABLE 3. The value of the minimum pressure coefficient of the top

Minimum Pressure Coefficient (Cp)

Position G out With fin and
(z/w) .
control suction
an -0.855 -0.534
-1/4 -0.963 -0.638
0 1,125 -0.690
1/4 -0.936 0.638
12 -0.855 -0.534
0
02
0.4 o . X o

Pressure Coefficient (Cp)

-0.6 -0.4 -0.2 0 0.2 0.4 06
z/w

©0—x/L=005 ~O-x/L=0.25 x/L=0.45 x/L=063 —%—x/L=09

(a) Without control
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(b) With fin and suction

FIGURE 6. Pressure distribution on the top of the test model without control and test model with fin and suction

In Figure 6 a, it is found that the minimum pressure occured on the front area of the top of the model, at the
grid size to model length ratio, x/L=0.25, at position z/w=-1/2 worth -0.855, at position z/w=-1/4 is worth -0.963,
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at position z/w=0 is worth -1.125, at position z/w=1/4 is worth -0.936, and at position z/w=1/2 is -0.855. At
position x/L=0.25, the smallest value of Cp is obtained, this is because flow separation occurs at that position,
thus affecting the pressure coefficient value. In figure 6 b, it is found that the minimum pressure occured on the
front area of the top of the model, at the grid size to model length ratio, x/L=0.25, at position z/'w=-1/2 worth -
0.534, at position z/w=-1/4 is worth -0.638, at position z/w=0 is -0.690, at position z/w=1/4 is -0.638, and at
position z/w=1/2 is -0.534.

Drag coefficient

Tests carried out to determine the value of the aerodynamic drag coefficient were carried out using a
computational approach and an experimental approach. The placement of passive controls in the form of fins and
active suction controls on the test model is intended to reduce the amount of aerodynamic drag. To gain a
perspective of the effect of the placement of the passive control, a simulation was carried out using the Cq
parameter in Eq. 3, applying the constant density of 1,225 kg/m?® , in a frontal area of of 0.0023 m3. The data
obtained are then displayed in graphs showning comparisons of the aecrodynamic drag coefficient (C4) and the
suction speed (m/s). The simulated upstream velocity in this study is 22.2 m/s. The values of aerodynamic drag
of the uncontrolled test model are used as a comparison parameter with the test model using passive controls in
the form of fins and active controls in the form of suction. The values of the aerodynamic drag coefficient and the
amount of reduction due to the addition of fins and suction both computationally and experimentally are shown
in table 3, table 4, and figure 7.

TABLE 3. The values of the computational drag coefficient on the test model with and without fin and suction controls
Drag coefficient (Cd)

Fin and suction speed
Upstream Without (m's)

speed, Uo (m/s)  control 05 1.0 1.5

222 g 150 LIes LIS
reduction ( %) ' 16.902 15.847 14.647

TABLE 4. The values of the experimental drag coefficient on the test model with and without fin and suction controls

Drag coefficient (Cd)

Upstream speed, Without Fin and suction speed (m/s)

Uo (m/s) control 0.5 1.0 1.5

22.2 1.107  1.121 1.143
1.346
reduction ( %) 17.757 16.726 15.118

1.48

Drag Coefficient, Cd

0 0.5 1 1.5 2
Suction Speed, Usc (m/s)

—&—Computational —@— Experimental

FIGURE 7. Comparison of the drag coefficient values both computationally and experimentally on the test model with and
without fin and suction controls.
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Based on table 3 and table 4, the largest decrease in drag coefficient value is 16.902% for a suction speed of
0.5 m/s with a drag coefficient value of 1.150 for the computational approach and the largest decrease in drag
coefficient value is 17.757% for a suction speed of 0.5 m/s with a value of drag coefficient is 1.107 for the
experimental approach. The drag value obtained is in line with the flow characteristics which can be seen in Figure
4, which shows that the most distant flow separation occurs in the application of fin and suction with a speed of
Usc = 0.5 m/s and the turbulence formed is smaller than the application of fin and suction. another. The findings
are in line with the results of research by Tarakka et al. using an ahmed body with the addition of suction giving
the effect of reducing aerodynamic drag by 14.11% [13], and Rumapea et al. with the addition of fins on the ship's
rudder reducing the drag value by 64% [10].

CONCLUSION

1. The addition of passive fin control and active suction control has a positive influence on the characteristics
of the flow pattern, where there is a delay in flow separation and the largest reduction in turbulence at the
addition of 0.5 m/s suction with an upstream speed of 22 m/s.

2. The addition of passive fin control and active suction control increases the minimum pressure coefficient on
the rear wall of the vehicle model. With the highest average minimum pressure coefficient at upstream speed
0f 22.2 m/s for suction speed of 0.5 m/s of -0.483 with an increase of 56.66% from the model without control
-0.801.

3. The addition of passive fin control and active suction control reduces the drag coefficient of the uncontrolled
model by 16.902% computationally and by 17.757% experimentally for a suction speed of 0.5 m/s.
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