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1. INTRODUCTION

The increasing population also leads to a growing demand for energy, particularly fossil fuels. However,
these energy sources are non-renewable, causing their availability to decline over time, Setyono and Kiono
(2021). This condition contrasts with the continuously rising number of vehicles. In 2021, the number of
registered vehicles reached 141,992,573 units, and by 2022, it had increased to 148,261,817 units, Badan Pusat
Statistik (2024). The growing number of motor vehicles has negative impacts, as exhaust gas emissions
contribute to global warming, which can harm human health and the surrounding environment (Rahmadania,
2022; Kurnia, 2021). One of the efforts to reduce fuel consumption is by designing energy-efficient vehicles,
Tira et al. (2023).

The efficiency of a vehicle can be determined through its level of aerodynamics, Hanafi et al. (2024).
Aerodynamics is the study of forces caused by the relative motion of a fluid over a surface, Dwi et al. (2021).
From an aerodynamic perspective, it is closely related to the streamline shape of the vehicle, which is designed
according to the characteristics of the airflow impacting the vehicle’s surface, thereby reducing the resistance
experienced while in motion, Rois and Dzulfikar (2021). The methods used to determine the aerodynamic shape
of a vehicle include experiments conducted in a wind tunnel or simulations using CFD (Computational Fluid
Dynamics) software, Prastyo et al. (2020).
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The forces that influence the aerodynamic performance of a vehicle are the drag force and the lift force,
Ananda et al. (2021). The drag force is the resistance acting on an object moving through a fluid, which acts
parallel but in the opposite direction to the object’s velocity vector. The drag coefficient represents the
magnitude of the fluid resistance acting on the object. Meanwhile, the lift force is the upward force that causes
an object to rise due to the pressure beneath the object being greater than the pressure above it. The lift
coefficient indicates the magnitude of the lift force acting on the object, Nurcahyo and Wahyudi (2021).

The drag coefficient plays a crucial role in vehicle efficiency. A more aerodynamic vehicle body will
result in a lower drag coefficient value, thereby enhancing engine power optimization and reducing fuel
consumption due to decreased air resistance, Hanif and Utomo (2015). Several factors can influence the drag
coefficient value, including body shape, drag force (FD), fluid velocity, fluid density, and the cross-sectional
area perpendicular to the direction of the fluid flow, Suryady and Zhafran (2022).

Based on the research conducted by Aprillia and Sriyono (2023) on the acrodynamic analysis of an urban
single-seater vehicle body using the CFD (Computational Fluid Dynamics) method, which compared two
designs, design 1 and design 2under varying speeds of 8.3 m/s, 11.1 m/s, and 13.9 m/s, it was found that the
lowest drag coefficient (Cd) value occurred in design 2, with a Cd of 0.29 at a speed of 13.9 m/s. At the same
speed, the drag coefficient for design 1 was 0.38. Based on these results, it can be concluded that the body design
shape and speed variation significantly influence the vehicle’s drag coefficient value.

Based on the explanation above, the objective of this study is to determine the improvement in the
aerodynamic performance of the Mataram Uni versity prototype vehicle body design from 2023 to 2024 using the
CFD (Computational Fluid Dynamics) method with varied vehicle speeds, analyzed through ANSYS software.
The significant difference between the 2024 and 2023 body designs lies in the slimmer and more compact profile
of the 2024 model. With a more streamlined shape and a reduced frontal area, the design is optimized to achieve
superior aecrodynamic efficiency. Mataram University has participated in the Shell Eco-Marathon competition
twice, in 2023 and 2024. The Shell Eco-Marathon is an event aimed at developing future vehicles with high
efficiency and low energy consumption, Wibowo et al. (2022). Therefore, this simulation was conducted to
identify the extent of aerodynamic improvement achieved through the redesigned vehicle body.

2. RESEARCH METHODS

In this study, data collection was carried out using the Computational Fluid Dynamics (CFD) simulation
method with Ansys 2024R1 software. The vehicle body design was created using Fusion 360 software. Figure 1
shows the differences in the body design of the Universitas Mataram prototype vehicle between the 2023 and
2024 models, while the vehicle dimensions are presented in table 1.

(@) (b)
Figure 1. Vehicle designs used in the simulation: (a) 2023 vehicle design, (b) 2024 vehicle design.

Table 1. Vehicle dimensions

Dimensions 2023 design data 2024 design data
Length 3570 mm 3274 mm

Width 1213 mm 788 mm

Height 829 mm 752 mm

Front angle of the car 30° 17°

Frontal area 0.6872 m* 0.4 m’

The variables in this study are divided into two categories: dependent variables and independent
variables. Dependent variables are variables that are influenced by independent variables, which in this study are
drag force (FD) and drag coefficient (Cd). Meanwhile, independent variables are variables that influence the
results of the study and can be varied. The independent variables in this study are variations in the design of the
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prototype vehicle body, namely the 2023 body design and the 2024 body design. In addition, there are also
variations in air speed, namely 10.48 m/s, 14.65 m/s, 18.82 m/s, 22.98 m/s, and 27.15 m/s, which include the
average wind speed in the West Nusa Tenggara region of 2.15 m/s, Andriyani and Munastha (2022).

The working principle of this simulation is to place a car in a simulation domain and set the air velocity as
desired, then obtain the drag force and drag coefficient values from the simulation. Before the simulation is
carried out, a simulation domain is first created, as shown in figure 2. The simulation domain used is 24.5 m
long, 2 m wide, and 7 m high, Amaluddin (2022). Then, the meshing stage is carried out. In this simulation, the
type of mesh used is poly-hexcore, which has high accuracy even though the number of meshes is small, thus
reducing simulation time, Widiarta et al. (2022). Within the simulation domain, there is a body of influent that
has a finer mesh size in order to obtain more precise simulation results. The results of the mesh can be seen in
figure 3. In addition, several parameters are used in the simulation, which are shown in table 2.

Figure 2. Simulation domain

Figure 3. Meshing process

Table 2. Parameters in the simulation
Simulation parameters  Selected values/models

Turbulence model K-o SST (shear stress transport)

Type of fluid Air

Temperature 300K

Pressure 101325 Pa

Density 1.17662 kg/m’

Viscosity 1.846 x 107 kg/m.s

Inlet air speed 10.48 m/s, 14.65 m/s, 18.82 m/s, 22.98 m/s, 27.15 m/s

3. RESULTS AND DISCUSSION
3.1 Mesh validation

The meshing process in this study aims to enable calculations using simulation methods. Therefore, the
quality of the mesh greatly affects the results of the computation. In analyzing the quality of the mesh in Ansys
software, two standards are used, namely skewness and orthogonal quality, Firmanto (2023). The standards for
skewness and orthogonal quality values in Ansys software can be seen in tables 3 and 4.

Table 3. Skewness mesh metrics spectrum

Excellent Very good Good Acceptable Bad Unacceptable

0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00
Table 4. Orthogonal quality mesh metrics spectrum

Unacceptable Bad Acceptable Good Very good Excellent

0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00
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With mesh specifications as shown in table 5, the meshing quality results are quite good because the
maximum skewness and minimum orthogonality values meet the specified meshing standards, namely that the
minimum mesh quality is in the acceptable category, so that the simulation can be run to obtain accurate
simulation results.

Table 5. Mesh quality on geometry

Geometry Maximum skewness Minimum orthogonal Number of cells
Body domain 2023  0.71 0.16 481426
Body domain 2024  0.51 0.17 372634

3.2 Analysis of drag coefficient values

This study examines aerodynamic improvements based on a comparison of drag coefficient values
between the 2023 and 2024 prototype body designs of Mataram University based on varying speeds using the
CFD (computational fluid dynamics) method. The drag coefficient (Cd) and drag force (FD) values are the most
influential factors in vehicle design, as they can affect the speed of the vehicle and therefore its efficiency, Riszal
and Martinus (2021). The simulation was carried out until the graph converged, as shown in figure 4, to obtain
the drag coefficient and drag force values for each design at varying speeds, as shown in table 6.

Ansys
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Figure 4. Drag coefficient (Cd) value graph

Table 6. Drag coefficient and drag force values based on speed variations
Body design  Speed variation ~ Simulation result parameters

variations (m/s) Cy Fr ()

Body 2023 10.48 0.1071 2.3775
14.65 0.1007 4.37
18.82 0.0964 6.9052
22.98 0.0934 9.9674
27.15 0.091 13.5616
Average 0.0977 7.4363

Body 2024 10.48 0.1 1.2922
14.65 0.0949 2.3957
18.82 0.0912 3.8024
22.98 0.0884 5.495
27.15 0.0862 7.4723
Average 0.0921 4.0915

Figure 5 shows the relationship between drag force and speed variation for each vehicle body. The lowest
drag force value is shown in the 2024 body at a speed of 10.48 m/s, which has a drag force of 1.2922 N.
Meanwhile, the highest drag force value is shown in the 2023 body at a speed of 27.15 m/s, which has a drag
force of 13.5616 N. Based on the data in figure 5, the drag force value is directly proportional to the vehicle
speed. The shape of the vehicle body greatly affects the flow rate around the vehicle body surface, which also
affects the aerodynamics of a vehicle, Aprillia and Sriyono (2023). If the shape of the vehicle is not
aerodynamic, the drag force and pressure on the vehicle surface will be greater, especially on the front of the
vehicle, which will be the first to collide with the fluid. The differences in the drag force values and drag
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coefficients are the result of variations in the physical characteristics of each vehicle body, particularly in terms
of profile, frontal area, and the front angle of the vehicle, Salman et al. (2025).
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Figure 5. Relationship between drag force and speed variation
Figure 6, shows a graph of the drag coefficient values of both vehicle bodies based on speed variations. It
can be seen from the figure that the higher the vehicle speed, the lower the drag coefficient value. A lower drag

coefficient value indicates better the aerodynamics of the vehicle because the resistance of the vehicle will be
smaller, which will affect the efficiency of the vehicle.
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Figure 6. Relationship between drag coefficient and speed variation

3.3 Analysis of vectors, pressure, and velocity at the boundary
After obtaining the drag coefficient value, next step is to analyze the velocity, pressure, and vector
contours at the boundary. In this analysis, contours were taken for both body designs at a velocity of 27.15 m/s.
Figure 7, show vector visualizations on the boundary of the design at a speed of 27.15 m/s. The velocity
vectors are depicted with arrows indicating magnitude and direction to represent the flow velocity. In addition,
velocity vectors are also commonly used to depict areas of irregular turbulence on the surface of a vehicle. The
more turbulent areas there are, the greater the drag force will be, Pangestu et al. (2024).

Figure 7. Vector visualization in the simulation: (a) Visualization of the 2023 design vector at a speed of 27.15
m/s, (b) Visualization of the 2024 design vector at a speed of 27.15 m/s
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The pressure contours are presented using several color variations. Maximum pressure is marked in red,
while low pressure is marked in a darker color, namely blue, as shown in figure 8. It can be seen in the figure
that the maximum pressure occurring on the 2024 body is greater, namely 420 Pa, while the maximum pressure
for the 2023 body is 409.9 Pa at the same speed of 27.15 my/s. This pressure difference occurs due to the shape of
the body and also the surface area of the body in contact with the fluid. From figure 8, the highest average
pressure occurs at the front of the vehicle. This occurs because the front of the vehicle is the first part to collide
with the fluid, Nurgesang et al. (2021). In addition, the shape of the front of the vehicle and the fluid velocity
also affect the amount of pressure exerted on the vehicle.
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Figure 8. Pressure contour in the simulation: (a) Contour of the 2023 design pressure at a speed of 27.15 m/s, (b)
Contour of the 2024 design pressure at a speed of 27.15 m/s

On the velocity contour, the visualization of velocity is almost the same as the pressure contour, which
uses a color scale to represent differences in velocity. In figures 9, the highest velocity contour is marked in red,
while the lowest velocity is marked in blue. In these figures, it can be seen that the highest velocity is at the top
of the prototype. This is due to the shape of the vehicle, which causes an increase in velocity in that area. In
addition, there is a decrease in speed at the rear of the vehicle due to irregular airflow. This causes a wake
phenomenon at the rear of the vehicle, resulting in increased drag force, Sudaryono (2022).
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Figure 9. Velocity contour in the simulation:(a) Contour velocity design 2023 at a speed of 27.15 m/s, (b)
Contour velocity design 2024 at a speed of 27.15 m/s

4. CONCLUSION

Based on the results of the research conducted, a decrease in the drag coefficient value was obtained in
the body design of the 2024 Mataram University prototype vehicle at each varied speed. At a speed of 10.48 m/s,
there was a decrease in the drag coefficient of 6.629% from 0.1071 to 0.1. At a speed of 14.65 m/s, there was a
decrease of 5.76% from 0.1007 to 0.0949. at a speed of 18.82 m/s, a decrease of 5.394% was obtained from
0.0964 to 0.0912, at a speed of 22.98 m/s, there was a decrease of 5.353% from 0.0934 to 0.0884, and at a speed
of 27.15 m/s, there was a decrease of 5.275% from 0.091 to 0.0862. Differences in physical body characteristics
across individual vehicles, such as profile, frontal area, and front angle, significantly influence the resulting
variations in drag force and drag coefficient values. The average decrease in drag coefficient at each speed
variation is 5.682%, so based on these results, it can be concluded that the body design of the 2024 Mataram
University prototype vehicle is better than the 2023 body design because the drag coefficient value of the 2024
body design is lower than that of the 2023 design, which means that if the drag coefficient value is low, the
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aerodynamics of the vehicle will increase. Therefore, if the aerodynamics are improved, the force that hinders
the vehicle will be reduced, resulting in high energy efficiency and more fuel efficiency.
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