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Abstract. The current increase in global fossil fuel costs is a severe issue, with higher number of
petrol-powered automobiles on the world's highways contributing to greater air pollution. To address
this issue, reducing vehicle aerodynamic drag has been a major topic in recent decades. In Indonesia,
a mitigating effort that has been applied is the development of Si Jayaraya as a prototype urban
concept vehicle built by the Batavia Team at State University of Jakarta. Vehicle is designed to
compete in energy efficiency, while also addressing the issue of rising global consumption of fossil
fuels and reducing air quality degradation. Therefore, this research aimed to investigate the
aerodynamic quality of Si Jayaraya using numerical analysis to solve governing equations through
Computational Fluid Dynamics (CFD). The calculation of trajectory lines, velocity vectors, drag
coefficient, and lift force were carried out using speed changes of 15 km/h, 30 km/h, 45 km/h, and
60 km/h, respectively. The results showed that the drag coefficient was largely constant, while
vehicle lift coefficient decreased in value as the speed increased, with the green flow contour on the
body providing a uniform airflow pattern at all speeds. This research contributes valuable
information to optimize the acrodynamic design of Si Jayaraya, thereby enhancing energy efficiency
and performance in competitions. Additionally, it promotes sustainable transportation solutions to

global energy challenges and environmental concerns.
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1. Introduction

Batavia team, established by University of Jakarta
(UNJ), was formed to engage in -energy-efficient
competitions at both global and national events. This
includes engagement in various events such as the Shell
Eco-marathon Asia at the international stage and the
national-stage Indonesian Energy-Efficient Vehicle
Contest, known as KMHE. The Mileage Challenge aims
to identify who can finish a legitimate race in the quickest
amount of time while using the least amount of fuel or
electricity!™. Therefore, vehicle design must allow for
both safe acceleration and deceleration®.

Individuals enrolled in Mechanical Engineering are
included in Batavia team, which joins energy-efficient

competition annually at both international and local events.

This team has created an urban concept vehicle, namely
"Si Jayaraya", that is designed to achieve superior
aerodynamic efficiency and minimize fuel usage. A
strategy to develop an energy-efficient automobile
includes minimizing the body's drag coefficient to
substantially aid in reducing fuel consumption®. The
reduction of vehicle aerodynamic drag has gained

significant attention in the last decade, particularly after
increasing fossil fuel costs and minimizing air pollution®-
10), Moreover, vehicle traffic flow in the last two decades
has continued to increase significantly'!"'® which has an
impact on fuel consumption and air pollution. By 2025,
Indonesian gasoline consumption is expected to rise by
4.07% on average'*!®. Based on previous research,
approximately 23% of all carbon emissions worldwide are
attributed to the transportation industry'®!'”. With
appropriate vehicle management, the environmental
impact of urban transportation can be minimized'®.

For efficient aerodynamic design within technical
limits, it is essential to comprehend airflow dynamics in
vehicle industry'®??, This is because the crucial aspect
during the design of effective automobiles is
aerodynamic?). An example is the body design of Si
Jayaraya, which shows fluid flow configuration around
vehicle, including a sleekly contoured front, an extended
midsection, and a boxy rear with a tilting angle,
contributing to effectively reducing the drag coefficient.

Computational Fluid Dynamics (CFD) is a developing
field inside liquid mechanics that includes understanding
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and analyzing liquid stream issues through the use of
numerical calculations and strategies®>?¥. Additionally,
CFD produces numerical results which is different from
closed-form analytical solutions??. It has also become an
important aspect due to the ability to decompose the flow
into significantly smaller turbulence scales, which are
lower than experimental data®>2%. CFD simulations of
urban aerodynamic and microclimate have been carried
out using a variety of computational models®”.
Additionally, fluid flow phenomena have been
investigated using computational models rather than
traditional analytical approaches. The results showed
aerodynamic challenges at different vehicle speeds, which
affected fuel usage. Therefore, there is a need to minimize
aerodynamic resistance to enhance fuel economy, making
the optimization of vehicle shape a crucial component of
the comprehensive design procedure?®).

In this context, Batavia Team designed Si Jayaraya for
energy-efficient races, aiming to enhance efficiency by
investigating the aerodynamic traits. Vehicle optimization
during the design phase focuses on improving the
intended aerodynamic characteristics®3?. Therefore, this
research aimed to analyze Si Jayaraya aerodynamic
performance, including pathlines, velocity vectors,
pressure distribution, as well as drag and lift coefficients,
to provide insights for high-energy-efficient race car
development.

2. Research Methodology

2.1 Turbulent Flow Characteristics

Validation includes identifying the reattachment point
in the backward-facing step phenomenon. Since this
separation phenomenon also occurs in moving vehicle,
validating it against backward-facing step simulations
helps identify the optimal turbulence model to effectively
determine the attachment point. The flow through the
reverse step creates a reverse circulation zone, leading to
flow separation and vortex formation.
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Fig. 1: Schematic of Backward-facing Step Turbulent Flow

Dwagg force

Drag force is the force acting against the item to prevent
it from moving?). Figure 1 shows that the turbulence
characteristics of an airflow can change due to the
influence of the shape and design of vehicle moving
through the flow. During elevation, lift is mostly used in
the case of aerial vehicle®?. However, the lift is produced
in the other direction and is referred to as downforce.
When driving on a road, downforce is essential for

maintaining stability, particularly during the process of
negotiating a corner’?.

To analyze turbulent flow wusing the k-epsilon
turbulence model, the characteristics of turbulence in fluid
flow are determined by observing two variables. These
include turbulent velocity (k) and turbulent energy
dissipation (epsilon)*?. In this research, simulations were
conducted using SOLIDWORKS Flow Simulation 2021
SP0.0. build:5075.

2.2 Model Creation

(A) ®)

Fig. 2: Design of Si Jayaraya Urban Concept Car: (A) CFD
design, (B) Actual design.

Table 1. Vehicle Specification

Vehicle Specification
Length x Width x Height (mm) 2880 x 1285 x 1099
Wheelbase (mm) 1430
Trackwidth (mm) Front 1 1030
Rear | 810
Minimum Turning Radius (m) 5,8

2.3 Mesh Generation

The simulations were conducted using a Cartesian
Finite Volume Mesh, which was used in Solidworks Flow
Simulation. This type of mesh facilitated the
representation of complex geometries with ease, ensuring
accurate flow field predictions. It comprised 122,677
elements, providing a robust foundation for the
simulations.

Fig. 3: Mesh View

Mesh refinement approaches were applied to enhance
the resolution in areas of particular interest or high-flow
gradients. This allowed for a more detailed analysis of
flow behavior and improved the accuracy of the
simulation results.

2.4 Boundary Conditions

The application of boundary conditions followed the
specified process, with Fig. 4 showing the Computational
Area of CFD aerodynamic analysis. The velocity inlet was
included in speeds of 15 km/h, 30 km/h, 45 km/h, and 60
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km/h, respectively, while the pressure outlet input value is
0.
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Fig. 4: Boundary Domain

In this research, the governing equations will be
discretized on the three-dimensional computational
domain. Table 2 shows the parameters of the simulations,
providing comprehensive information on the specific
conditions and settings used in the analysis.

Table 2. Parameter of Simulations

No Simulation Method Information
1 | Fluid Type Air (gases)
2 | Velocity 15, 30, 45, 60 km/h
3 | Fluid Pressure (P) 101325 Pa
4 | Temperature (T) 320C
8 | Relative Humidity 50%

Force Drag - Velocity

5.08 13.253

10.08

5.08

0.08
ISkm/h 30km/h 45 km/h 60 km/h

=== FD (N)
Fig. 6: FD-V Diagrams

Figure 6 shows how the drag coefficient varies with
speed for urban electric vehicle. Based on the results, the
drag coefficient (Cd) remains relatively constant at a value
of approximately 0.08 across various speeds (15-60 km/h).
This constancy indicates that vehicle aerodynamic design
is effective across a range of operational speeds.

The resulting vehicle lift coefficient value will decrease
as vehicle speed increases. This is because a smaller value
of lift coefficient corresponds to a lower lift force. The
constancy of drag coefficient implies that vehicle
aerodynamic shape is optimized for a wide range of

speeds, reducing the need for significant energy to
. . overcome aerodynamic resistance.
3. Result and Discussion Y

3.1 Value of Drag Coefficient Table 3. Result Simulation Table

The primary objective in designing urban vehicles is to | Name Unit | Valuel | Value2 | Value3 | Value4
reduce aerodynamic resistance and air pressure around the (15km/h) | 30km/h) | (45km/h) | (60km/h)
body, as these factors significantly influence energy | Average km/h | 14.611 29.418 44.185 58.945
consumption. Comparative process of matching the Velocity
results of CFD with experimental data shows the potential | Force (Y) | N 19.570 24.900 32.795 43.232
of concluding the solutions*>3®. Moreover, the aim of
designing urban vehicle is to reduce aerodynamic v p N 0.890 3391 ~s5d 13253
resistance and air pressure around the body**4?. This is orce (Z) e e o o
'cru01al because a higher drgg coefﬁcm?nt ilirectly leads to Coofficient 19836 0.6294 03681 0272896
increased energy consumption for vehicle*!. .

of Lift
Coefficient of Drag - Velocity Coefficient 0.0902 | 0.0857 | 0.0847 | 0.0836577
; of Drag
0.095
0.0902
0.09 -
$857 0 0847 o . .
0.0836 3.2 Airflow Pathlines

0.085

0.08

15

30 45 60
km/h km/h km/h km/h

(]}
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Fig. 5: CD-V Diagrams

0m

Fig. 7: Flow Trajectories

Figure 7 shows the air vector of Si Jayaraya urban
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concept vehicle based on the speed level. Streamlined
airflow patterns with minimal turbulence reduce the drag
forces acting on vehicle. This is essential for maintaining
high aerodynamic efficiency. The consistent airflow
pattern confirms vehicle design effectiveness in reducing
resistance, which directly translates to better fuel
efficiency and performance. This result supports the
aerodynamic design options, such as the sleek front,
elongated midsection, and tapered rear, which focuses on
minimizing drag.

Fig. 8: Velocity Vector Symmetric Plane

Figure 8 shows the velocity vector symmetric plane of
Si Jayaraya urban concept vehicle. It also shows vehicle
contour on the Y-Z axis at the position of the X-axis. The
visible color difference indicates a difference in the
critical area of air speed.

Fig.9: Velocity Contour Symmetric Plane

Figure 8 and 9 show the pathlines and velocity vectors
around vehicle body at a speed of 30 km/h. The pathlines
show a streamlined flow over vehicle, indicating minimal
turbulence. The side view velocity vectors show a clear
pattern of airflow, supporting the aerodynamic design
aimed at reducing drag.

The consistency of airflow patterns across different
speeds, as indicated by the pathlines and velocity vectors,
demonstrates the robustness of the design in maintaining
low drag conditions. Therefore, there is a significant
improvement in overall energy efficiency during
operation.

Fig.10: Velocity Vector Horizontal Plane

Fig.11: Velocity Contour Horizontal Plane

Figure 10 shows the velocity vector horizontal plane. In
Figure 11, the velocity contour horizontal plane shows the
differences in air speed across vehicle. The pressure
distribution analysis shows lower pressure areas (blue
areas) on the upper front and lower rear parts of vehicle,
which are critical points for reducing aerodynamic drag.

Lower pressure areas on strategic parts of vehicle
indicate effective aerodynamic design, which reduces the
drag coefficient. By focusing on these areas, the design
minimizes the formation of high-pressure zones
contributing to increased aerodynamic drag. The resulting
pressure distribution supports vehicle stability and
efficiency, particularly at higher speeds.

10142827
10142003
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10140355

I 10130831
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10137883

Fig. 12: Surface Pressure Contour

Figure 12 shows the surface pressure contour, where the
difference is indicated by color variation. The upper, lower
front, and lower rear of vehicle appear blue, indicating low
air pressure, while the green color shows normal air
pressure. This contour shows low-pressure zones,
indicated by blue areas, at vehicle upper front and lower
rear sections. The green areas indicate normal pressure
levels. This shows that design successfully directs airflow
to create favorable pressure distributions, reducing the
energy required to overcome air resistance.

Based on the provided table, higher speeds correspond
to increased air resistance force acting on vehicle. The
vector representation of airflow velocity at the rear is
inclined towards a more laminar flow due to the
streamlined body shape of vehicle. The front and rear
sections are slightly narrower, reducing the risk of
creating turbulence and gaps that can impede vehicle
movement. This design feature enhances vehicle
aerodynamic efficiency and minimizes drag forces.

4. Conclusion

In conclusion, this research used CFD to analyze the
flow characteristics of an urban concept vehicle designed
for energy-efficient competition. Simulations conducted
at varying speeds showed several results. These included
(1) The drag coefficient remained stable at 0.08, (2)
Vehicle lift coefficient decreased with increasing speed,
and (3) The pressure contour plot of vehicle consistently
showed green colors, indicating normal air pressure along
the contour. The results were accompanied by consistent
airflow patterns at all speeds, showing a successful
aerodynamic analysis. This showed the importance of
conducting a chassis analysis to optimize the energy-
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efficient vehicle performance.
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