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The aerodynamic aspect is one of the most important things in the
automotive sector which is used to find information on the
performance of an aerofoil model design. The performance of an
aerofoil through streamflow associated with fuel consumption
which means the higher the air speed, the greater the resistance
received, so that the fuel consumption will be greater. At this case,
fuel consumption can be reduced by creating an aerofoil model
design that maintain great aerodynamic to minimize drag forces.
The affects of streamflow around the vehicle are discussed in this
papper. This research simulated 3D electric vehicle Tobacco Style
M-164 in steady condition with various velocities, i.e. 50 km/h, 60
km/h, 70 km/h, and 80 km/h. This simulation use the Tethahedron
mesh model and run in SST k-omega turbulence model. The affects
can be observed with the quantitative and qualitative data. The
quantitative data used as measurable data were Maximum Fluid
Pressure, Drag Force, and Coefficient of Drag (CD). The
quantitative data is shown to provide a better visual explanation of
the streamflow affects. The qualitative data shown in this paper are
velocity contours, vectors, and pathlines. The value of the maximum
fluid pressure and drag force is directly proportional to the
increase in velocity stream. The coefficient of drag decreased as the
free stream increased with a percentage decrease of 2.48%. The
average value of the coefficient of drag (CD) from this research was
0.318.
Keywords: Aerodynamics, Maximum Fluid Pressure, Drag Force,
Coefficient of Drag, Tethahedron Mesh Model.

1. INTRODUCTION

The design of a vehicle body is created by considering various aerodynamic aspects such as drag and lift
forces. Drag and lift forces are considered as aerodynamic forces arising from the flowstream through the
aerofoil. These forces affects the pressure, speed, and the value of drag and lift coefficient on the resulting
vehicle body. The lift force could lead to reduced friction between vehicle tires and the road so that vehicle
acceleration can be disrupted. Drag force causes velocity reduction effect in the vehicle. Several factors that
cause drag and lift forces including flow velocity, cross-sectional area, shape and weight of the vehicle. The
aerodynamic aspect of a vehicle is one of the most important parameters in automotive design, because it will
affect the amount of fuel consumption, vehicle stability, streamflow dynamic pressure and the surface area of
vehicle [1]. The drag that occurs in a vehicle when accelerating increases with speed, tire rolling resistance
and the effect of driveline friction. Fuel consumption and vehicle speed are gradually increasing so it is
important to reduce the aerodynamic drag on the vehicle [2].
When the vehicle is accelerating at a certain velocity, the viscosity of the air move towards the vehicle
body and close to the body surface causing a boundary layer. Air particles that are close enough to the
surface will be slowed down by friction and the velocity would be close to zero. The velocity in the boundary
layer will increase slowly until it reaches the free streamflow velocity. Outside the boundary layer, air with a
free streamflow velocity can be modeled as an inviscid flow that doesn’t have friction, thermal conductivity
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or diffusion [3]. Inviscid flow around the vehicle body causes pressure into the boundary layer. The pressure
in the flow continues until it reaches the rear end of the vehicle and the flow experiences turbulence. This
turbulence at the rear end is called wake. The wake region that occurs caused by the viscous interaction
between the fluid and the body surface of vehicle [4]. The flow separation cause the difference between
upper and underneath vehicle body. The upper area stream has low velocity because of friction between the
air molecules and underneath area has high velocity and lowest pressure compared by atmosphere condition
[5].
Aerodynamic accessory attachment to a vehicle body can lead to improvement of aerodynamic
performance. Using aerodynamic accessory can decrease the coefficient of drag [6]. Spoiler is one of the
most widely used aerodynamic accessory that has capability to reduce the low pressure zone behind the
vehicle and less turbulence occured which leads to drag reduction [7]. Rear wing used to prevent lift and
turbulent flow, also could produce downforce. Therefore, cornering performances increased and slips
between tires and road could be reduced [8]. On the other hand, rear wing can increase vehicle stability and
safety at high speed and the tendency to lift over at high speed can be minimized [9]. Another accesory such
as diffuser can produce more accelerating flow underneath vehicle body that also generates higher amounts
of downforce [10]. At some point, modification on the current shape of a vehicle can lead to aerodynamic
optimization. Modification in the tilt angle of rear windshield is capable to reduce the value of coefficient of
drag [11].
Experimental wind tunnel and computational fluid dynamic (CFD) simulation are two main methods
that able to test aerodynamic affects of vehicle. The result between the experimental test of wind tunnel and
CFD simulation has average relative error less than 4%. Therefore, results of CFD simulation are reliable and
can be used in various different conditions for detailed analysis [12]. CFD simulation can provide the
detailed results qualitatively and quantitatively. The result obtained from the CFD simulation often compared
with the results of other similiar research simulations to validate the current simulation has done correctly or
not. CFD can measures the downforce, drag, and lift in various vehicle speed and shows the relationship in
between [13].
Each type of vehicle has different value of aerodynamic force due to difference of design, dimension
and cross section area. The affects of streamflow around the electric vehicle Tobacco Style M-164 are
discussed in this paper. The affects can be observed with the quantitative and qualitative data. The
quantitative data used as measurable data were Maximum Fluid Pressure, Drag Force, and Coefficient of
Drag (CD). The quantitative data is shown to provide a better visual explanation of the streamflow affects.
The qualitative data shown in this paper are velocity contours, vectors, and pathlines.
2. METHODS AND MATERIAL

This research simulated 3D electric vehicle Tobacco Style M-164 in steady condition, shown in Figure 1. The
meshing domain of the simulation refer to previous experimental study [14] shown in Figure 2. The 3d
vehicle design simulated in various velocities, i.e. 50 km/h, 60 km/h, 70 km/h and 80 km/h. The design of the
vehicle has been built in commercial CAD software. Dimension of 3D electric vehicle Tobacco Style M-164
in this paper refer to the regulations of Indonesian’s Electric Vehicle Competition XI, an annual event held to
facilitate college student creativity in research and development of electric vehicle. The dimensions of the
vehicle and test section are shown in Table 1.
Table 1: Dimension of vehicle and test section.
AREA

Vehicle

Test Section

DIMENSION

VALUE

Length (L)

2.3 m

Width (W)

1.15 m

Height (H)

1.33 m

L

23 m

W

4.6 m

H

3.45 m

The boundary area is drawn in complete form using CFD software with dimension in Figure 2.
Meshing is a important process in this numerical simulation study. This simulation uses tethahedron mesh
model. Meshing which applied in this study show in Figure 3. Boundary condition which used in this CFD
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simulation is shown in Table 2.
Table 2: Boundary condition.
BOUNDARY

INPUT

VALUE

Fluid



1.204 kg/m3

µ

1.825 x 10-5 kg/m.s

Inlet

Velocity inlet

50, 60, 70, 80 km/h

Outlet

Outflow

Turbulence model

SST k-omega

Figure 1: Geometry of electric vehicle Tobacco Style M-164.

Figure 2: Computational domain.

Figure 3: Computational mesh.
3. RESULT & DISCUSSIONS

The result of numerical simulation is compared with previous similiar research simulations [6] to validate the
result. Validation process of numerical simulation using air as inlet with the velocity of 80 km/h. The
previous experiment shown the result of CD = 0.55 and drag force = 225.64 N and this present simulation
research CD = 0.315 and drag force = 49.69 N. The difference in result is caused by the vehicle dimensions of
this present simulation research has smaller size with relatively same shape as the vehicle of previous
experiment. This is the reason why the CD and drag force from the previous experiment has higher value than
the present simulation research according to the equation of C D as shown in equation 1.
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with,
CD
: Coefficient of drag
FD
: Drag force [Newton]

: Density [kg/m3 ]
AF
: Frontal area [m2]
V2
: Velocity [m/s]
Based on the quantitative data obtained from the test results of numerical simulation with various
velocities, i.e. 50, 60, 70 and 80 km/h are shown in Table 3. The data obtained from simulation result were
Maximum Fluid Pressure, Drag Force, and Coefficient of Drag (CD).
Table 3: Result data
VELOCITY

MAX. FLUID PRESSURE DRAG FORCE CD

(KM/H)

(PASCAL)

(NEWTON)

50

101485

19.926

0.323

60

101558

28.216

0.318

70

101643

38.276

0.316

80

101707

49.698

0.315

3.1 Maximum Fluid Pressure

The maximum fluid pressure is the local atmospheric pressure or static pressure which has the highest value
on the vehicle surface and it can be seen where areas are the most critical to get static pressure. The
simulation use incompressible flow. The static pressure contour in the vehicle is shown in Figure 4.

Figure 4: Pressure contour around the vehicle in 80 km/h.

Figure 5: Velocity contour around the vehicle in 80 km/h.
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Figure 6: Velocity vector around the vehicle in 80 km/h.

From Figure 4 it can be seen that the front end of the body, front tire, front arm, top section of the
driver's seat and rollbar has the most critical static pressure and is marked in red. This indicates that the red
section has a higher static pressure than the other parts accompanied by a decrease in local airflow velocity. It
can also be seen that some parts of the vehicle has a static pressure below the total pressure or atmospheric
pressure and marked in blue. This matter caused by the absence of local air flow and lead to vacuum, flow
separation and wake especially in the rear end of vehicle. The wake is shown in Figure 5 and Figure 6. The
flow separation cause the difference between upper and underneath vehicle body as shown in figure 7. The
upper area stream has low velocity because of friction between the air molecules, and underneath area has
high velocity and lowest pressure compared by atmosphere condition.

Maximum Fluid Pressure (Pascal)

Figure 7: Pathlines around the vehicle in 80 km/h.
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Figure 8: Graph of maximum fluid pressure and velocity.

Figure 8 shows that there is an increase in maximum fluid pressure as the flowstream velocity
increases. The lowest maximum fluid pressure is 101482 Pascal at 50 km/h and the highest maximum fluid
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pressure is 101736 Pascal at 80 km/h. The Increase in maximum fluid pressure caused by an increase in
velocity of the local airflow. With a fixed frontal area, leads to the change in velocity of local airflow which
differs at each flowstream velocity.
3.2 Drag Force

The performance of a vehicle through aerodynamic affects associated with fuel consumption which means
the higher the drag force, the greater the resistance received, so that the fuel consumption will be greater. At
this case, fuel consumption can be reduced by creating a vehicle design that maintain great aerodynamic to
minimize drag forces. From the obtained test result, drag force is shown at Z direction. This drag force is the
total drag force form Z direction that used for CD calculation according to equation 1. The drag force is
known by clicking the wall calculation menu in the CFD software used in this research. All of the vehicle
surfaces are calculated in order to obtain the total drag force which is the average of the drag force of the
vehicle. The wall calculation result is shown in Figure 9.

Figure 9: Wall calculation of drag force in 80 km/h.
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Figure 10: Graph of drag force and velocity.

Figure 10 shows that there is an increase in drag force as the flowstream velocity increases. This
happens because the drag force is directly proportional to the square of the velocity so that the drag force will
increase. As the results, there is a changes of local airflow velocity in each flowstream velocity. The lowest
drag force is 19.926 Newton at 50 km/h and the highest drag force is 49.698 Newton at 80 km/h.
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3.3 Coefficient of Drag (CD)

Coefficient of drag is one of the most important aspect in aerodynamic because it’s related to drag force
which means it can affects the fuel consumption of a vehicle. The smaller CD of a vehicle, means lower fuel
consumtion and greater vehicle performance. Each vehicle is expected to have a lower CD because it affected
by the value of the drag force received by the vehicle [15]. This is due to the flow resistance received by the
vehicle at a certain flowstream velocity will be smaller if the generated drag force is lower so that it will
affects the coefficient of drag.

Coefficient of Drag (CD)
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Figure 11: Graph of coefficient of drag and velocity.

Figure 11 shows that the CD decreasing as the flowstream velocity increases. This happens because
the input used to calculate CD such as frontal area and flow density remain the same while the drag force
increase proportionally with flowstream velocity. Coefficient of drag is inversely proportional to drag force
as the flowstream velocity increases. The lowest CD is 0.315 at 80 km/h and the highest CD is 0.323 at 50
km/h. The coefficient of drag decreased as the flowstream velocity increased with a percentage decrease of
2.48%. The average value of the CD from this research is 0.318.
If it’s assumed that the ideal vehicle has lower C D than this simulation research, then the electric
vehicle Tobacco Style M-164 still needs further improvement to get smaller CD and to achieve higher
efficiency. With the information related to the coefficient of drag, it can be used as a reference material in the
design aspects of vehicle model designs. With lower CD, a vehicle could have less flow resistance and drive
more easily which can lead to the improvement of fuel consumption efficiency.
4. CONCLUSION

Based on the simulation results regarding the effect of the variation of flowstream velocity that have been
carried out numerically, it can be concluded that the flow separation causes the difference in pressure and
velocity at upper and underneath vehicle body. The underneath area has lower pressure and high velocity
compared to atmosphere condition while the upper area has higher pressure and low velocity. This condition
occurs because underneath area is a vacuum and had less resistance than upper area, then creates suction
effect to let the air flow in high velocity. This work also inform that drag force is directly proportional to the
square of the velocity. The more drag force occuring, more resistance received by vehicle and lead to the
more fuel consumption. The coefficient of drag in this research is about 0.318. The percentage decrease of
CD through the various flowstream velocity is 2.48%.
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