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SUMMARY. Inspired by a past design, Santoso et al., were building a jaw gripper hoping to improve
its efficiency by using less filament without compromising the quality of the gripper. To increase
output, Ichsan et al., developed an industry-wide automated system. One instrument for
production simulation is the modular production system (MPS). Setiawan et al., have created a
vacuum gripper especially meant to handle workpieces, like labeling applications in the automation
sector. The air barrier increased as Fikri et al., optimized the body of the goods vehicle using CFD
simulation. Napoleon et al., optimized the top cover feed unit's design at the pick and place station
since, upon a change in position at the time the vacuum sucks the top of the cover causes
dislocation. Allo et al., investigated the efficiency of a hybrid drier, closely examining the material
the machine dries as well as its features. With application in small-scale businesses for household
appliances and fences, Siswanto et al. refined the TIG welding process utilizing 304 stainless steel
material (SUS 304). Dwinandana et al. meanwhile created the ergonomic notion of a nurse-
assisting robot. Using a strong and qualitative approach to ascertain the daily minimum water needs
per person; Rahman investigated the possible needs and resources of the City of Denpasar. Leonard
et al. worked on proposals for a child-friendly blue open playground in the seaside region of the
Old Rampa Village with Bajau ethnic character while Wijaya et al. investigated the natural
frequencies and patterns of 17-inch aluminum alloy plugs as well as the largest deformation that
might occur with ANSYS software applied for simulation. Numberi et al. investigated the possible
wind energy produced by best savonius wind turbine design. By changing the spacing between the
blades and turbine beams, they conducted power tests and investigated the most ideal power for
application in the coastal town of Sarmi, Papua Province. They also looked at the phenomena of
heat transfer by natural convection from hot stone to food in consumer packaging. Using 6061
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aluminum and ASTM B187 copper in friction welding, Habibi et al. carried studies aiming at
estimating the strength of welding contacts. Using dandori issues, Wibowo at al. conducted
research aiming at lowering line pauses in plastic injection operations by thirty percent. Ridwan et
al. optimised the dehumidified air flow distribution on tray-type thermocouple dryers using CFD
software. Early research on wind turbines, particularly on the efficiency of vertical axis and
horizontal axis wind turbines VAWT and HAWT respectively, Herlina et al. The work by Oktavian et
al. sought to ascertain the heat transfer coefficients for convection and evaporation, how the
temperature of the cooling water in the condenser influences the evaporating process, and what
results when the freshwater condensate level rises in a seawater desalination system. Shafitri and
Syarif investigated developing long-range low-voltage electrical circuit breaker systems in loT-
based flood zones. Using MATLAB and microcontrollers, Uden et al. developed artificial neural
network (ANN) testing strategies to identify voltage and current imbalances in three-phase
induction engines.
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Abstract

Suboptimal design and body shape in freight transport vehicles can lead to increased
aerodynamic drag. To address this issue, the use of wind deflectors is proposed as a
solution to reduce aerodynamic resistance in cargo vans. The methodology employed in
this research involves Computational Fluid Dynamics (CFD) simulations using the Ansys
Fluent R2 2023 software. CFD simulations were conducted on the design of a cargo box
vehicle with variations in Wind Deflector Models 1, 2, and 3, employing identical boundary
condition parameters. The results of the CFD simulation for Wind Deflector Model 3
exhibited the lowest drag force at 1.1531116 Newton and a drag coefficient of
0.37031338. In conclusion, a comprehensive analysis of the CFD simulation results provides
valuable insights into the intricate aerodynamic implications of Wind Deflector variations
on cargo vans. Therefore, it is concluded that Wind Deflector Model 3 emerges as the
optimal choice, showcasing superior aerodynamic characteristics.

Keywords: cargo van, wind deflector, CFD simulation, drag force, drag coefficient.

Abstrak

Desain dan bentuk bodi yang tidak optimal pada kendaraan angkutan barang dapat
menyebabkan peningkatan hambatan udara. Untuk mengatasi masalah ini, penggunaan
wind deflector diusulkan sebagai solusi untuk mengurangi hambatan aerodinamis pada van
kargo. Metodologi yang digunakan dalam penelitian ini melibatkan simulasi CFD
menggunakan perangkat lunak Ansys Fluent R2 2023. Simulasi CFD dilakukan pada desain
mobil box kargo dengan variasi bentuk Wind Deflector Model 1, Model 2, dan Model 3,
dengan menggunakan parameter kondisi batas yang identik. Hasil simulasi CFD Wind
Deflector Model 3 menunjukkan gaya hambat terendah sebesar 1.1531116 Newton dan
koefisien hambat sebesar 0.37031338. Sebagai kesimpulan, analisis menyeluruh terhadap
hasil simulasi CFD memberikan wawasan berharga tentang implikasi aerodinamis yang
rumit dari variasi Wind Deflector pada mobil van kargo, maka didapat kesimpulan bahwa
Wind Deflector Model 3 muncul sebagai pilihan optimal menampilkan karakteristik
aerodinamis yang unggul.

Kata Kunci: mobil box, wind deflector, simulasi CFD, gaya hambat, koefiesien hambat.
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1. INTRODUCTION

In the era of modern transportation, mobility
emerges as a crucial element supporting economic
growth and social comfort. The utilization of
motorized vehicles, particularly in the realm of
freight transportation, has surged alongside the
increasing trends in trade and distribution
(Paminto, 2020). Consequently, technologies
related to freight transport vehicles have also
undergone significant advancements. However,
the design of freight transport vehicles, including
cargo vans characterized by their predominantly
box-like shape, remains a focal point in efforts to
enhance aerodynamic efficiency. In this context,
the implementation of wind deflector devices on
cargo vans becomes a highly relevant factor in
reducing the coefficient of drag and overall
aerodynamic resistance. This, in turn, contributes
to the development of cargo van designs that are
more aerodynamic.

To comprehend the inherent aerodynamic
challenges faced by cargo van, an essential grasp
of the theory concerning drag force becomes
imperative. The aerodynamic drag force acting on
a vehicle is the resultant effect of air resistance
encountered during the vehicle’s movement
through the atmospheric medium (Nath et al.,
2021). The deployment of Wind Deflectors
emerges as a pragmatic strategy to mitigate
aerodynamic drag in vehicles (Hariram et al.,
2021). These devices, modifiable or installable at
specific sections of the vehicle, are meticulously
crafted to redirect airflow, thereby ameliorating
drag force comprehensively. The substantial
reduction of drag force on cargo vans assumes
pivotal importance in enhancing the sustainability
of cargo transportation. Cargo vans, including
trucks and freight-carrying vehicles, attract
attention owing to their inherent aerodynamic
profiles, which tend to instigate higher drag
forces. The utilization of Wind Deflectors, also
known as air shields, has become a prevalent
strategy in endeavors aimed at refining the
aerodynamic efficiency of these vehicles.

The application of CFD simulations confers a
strategic advantage by enabling the virtual testing
of diverse Wind Deflector configurations and
other design variations on cargo vans. This
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capability permits the exploration of potential
aerodynamic strategies without the need for
resource intensive physical prototype production
(Ariyansah, 2019). CFD represents a numerical
approach widely employed for modeling and
analyzing fluid flow around objects with intricate
geometries, obviating the need for costly and
intricate  physical testing (Gamayel and
Octavianus, 2021).

The underlying theory of CFD finds its roots
in the Navier-Stokes equations a set of partial
differential equations formulated to model fluid
behavior (Li et al., 2023). Employing
discretization methods such as Finite Volume or
Finite Element, the numerical solution of the
Navier-Stokes equations yields comprehensive
insights into pressure distribution, velocity, and
other aerodynamic parameters along the surface
of the vehicle (Kshirsagar and Chopade, 2018).
Thus, CFD serves as a powerful tool for accurate
simulations elucidating the intricate interaction
between airflow and cargo vans.

The ANSYS Fluent software is widely utilized
for CFD simulations in various research scenarios,
particularly for analyzing the aerodynamics of
vehicles. A study conducted by Yulianto,
Ariyansah, and Octavianus in 2023 employed the
ANSYS Fluent software version R2 2022 to
investigate the influence of design angle
variations on the U18C CC-201 locomotive's drag
coefficient and aerodynamics (Yulianto, Ariyansah
and Octavianus, 2023). The research findings
elucidate that a 150-degree angle modification on
the upper part of the GE U18C locomotive body
has a significant impact, resulting in a notable
reduction of up to 29% in the drag coefficient.

Furthermore, the study conducted by
Varadarajoo et al., delves into the aerodynamic
analysis of the impact of the Frontal Deflector on
trucks using the ANSYS Fluent software
(Varadarajoo et al., 2022). The drag force
generated by airflow separation at the rear of the
vehicle can be mitigated through the
implementation of a Frontal Deflector. Despite
creating drag, this research demonstrates that the
Frontal Deflector can reduce drag by preventing
airflow separation at the rear of the truck.
Simulations involving six different forms of Frontal
Deflector reveal that Frontal Deflector 4 exhibits
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the lowest drag coefficient, reaching 0.508 with a
height of 15 mm and a placement of 230 mm. With
a drag reduction of 32.2%, Frontal Deflector 4 is
recognized as the optimal model for enhancing
the aerodynamic efficiency of trucks.

The pursuit of optimizing aerodynamic
efficiency in cargo vans has garnered considerable
attention in prior research, particularly with an
emphasis on the effectiveness of Wind Deflectors.
Pevitt et al., conducted a seminal study,
showcasing the successful application of CFD
simulations on heavy commercial vehicles
(Moriaand and Alam, 2012). This work has laid a
robust methodological foundation for the
comprehensive analysis of  aerodynamic
characteristics. Notably, this methodology
facilitates detailed visual modeling of airflow
patterns around the vehicle and offers
adaptability to various experimental conditions
within the virtual realm.

The contribution of Moriaand and Alam, work
serves as a noteworthy precedent, illustrating the
efficacy of CFD simulations in gaining a nuanced
understanding of aerodynamic features in
commercial vehicles (Moriaand and Alam, 2012).
By employing this methodology, researchers can
conduct virtual experiments with a high degree of
accuracy, exploring diverse scenarios and
configurations to optimize the design of Wind
Deflectors for enhanced aerodynamic
performance in cargo vans. This approach not only
advances scientific knowledge in aerodynamics
but also presents a cost-effective and efficient
means to refine and innovate vehicle design
without the necessity for extensive physical
prototypes.

McTavish and McAuliffe, not only emphasize
the broader potential for aerodynamic
optimization in heavy-duty vehicles but also
provide a contextual backdrop for endeavors
aimed at enhancing fuel efficiency (McTavish and
McAuliffe, 2021). This study introduces a
stochastic simulation methodology to refine the
accurate estimation of the efficiency of
aerodynamic drag reduction technologies in
ground vehicles, particularly heavy-duty vehicles.
This approach utilizes specific wind conditions on
designated routes to predict the speed and yaw
angle of the vehicle. Predictions of aerodynamic
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drag and fuel consumption are grounded in the
vehicle's aerodynamic performance model derived
from wind tunnel measurements, road
measurements, or CFD simulations.

Simulations are employed to assess the
benefits of drag reduction technologies in heavy-
duty vehicles on two main routes in Canada,
illustrating that fuel savings can be achieved at
low speeds, such as 50 km/h, with a noteworthy
contribution from tractor-trailer platooning
approaches. Evaluation across various vehicle
weights indicates that, even as the proportion of
fuel consumption attributed to aerodynamics
decreases at low speeds, drag reduction continues
to yield substantial fuel savings. This not only
supports fuel cost reduction but also contributes
to the mitigation of greenhouse gas emissions.

Despite numerous studies investigating the
implementation of Wind Deflectors on motor
vehicles and their impact on aerodynamic
resistance, there exists a notable research gap,
particularly in the context of cargo vans.
Therefore, there is an urgent need to fill this
knowledge gap and delve into how Wind
Deflectors can be optimized to enhance
aerodynamic efficiency in cargo vans, which, in
turn, can significantly contribute to the
sustainability of freight transportation. The
novelty of this research lies in its specific focus on
cargo vans and the utilization of CFD technology
as the primary tool to investigate the complex
aerodynamic phenomena associated with these
vehicles. This study aims to analyze the effects of
Wind Deflectors on the aerodynamic drag force of
cargo vans. By achieving the objectives of this
research, it is anticipated to provide profound
insights into how the addition of Wind Deflector
devices can improve aerodynamic efficiency in
cargo vans.

2. METHODOLOGY

In this study, the primary methodology
employed is the CFD simulation approach.
However, it is imperative to emphasize that the
implemented CFD simulation approach is not
utilized in isolation rather, it is intricately
connected to both experimental and analytical
methodologies.
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This synergistic integration is strategically
devised to address potential errors and
deficiencies in parameter data during the
execution of CFD simulations, with the
overarching goal of mitigating, if not eliminating,
uncertainties inherent in the research process (Tu
et al., 2023).

This strategic integration unfolds avenues for
deriving comprehensive advantages from the
amalgamation of empirically verifiable
experimental data, in-depth mathematical
analyses, and advanced numerical simulations.
Consequently, this methodological framework
establishes a robust foundation, thereby
enhancing the reliability and credibility of the
research outcomes. The amalgamation of these
three approaches provides the requisite flexibility
to delve into specific facets that may pose
challenges if approached solely through one
method. Therefore, the success of this research is
contingent not solely upon the excellence of the
CFD simulation approach but also on the
harmonious and synergistic integration with
experimental and analytical methodologies.

2.1. Research Flow

The progression of this investigation is
elucidated in the research flowchart as shown in
Figure 1.

3D MODELING WIND
DEFLECTOR
1 v v

WD MODEL 1 | I WD MODEL 2 I | ‘WD MODEL 3
[ 1 |

CFD SIMULATION
WITH ANSYS FLUENT

RUNNING
CALCULATION
WAS
SUCCESSFUL

DATA PROCESSING OF CFD
SIMULATION RESULTS

]

ANALYSIS & DISCUSSION OF
CFD SIMULATION RESULTS

CONCLUSION

Figure 1. Research flowchart.

The research initiation involves an exhaustive
exploration of the literature, entailing a
comprehensive examination of diverse sources
such as scholarly books and journals pertinent to
the research context. Following this preliminary
phase, the subsequent step entails the three-
dimensional modeling process of Wind Deflector
variations. This is executed through the utilization
of computer-aided design (CAD)-based software.
The modeling phase encompasses the meticulous
design of three distinct model variations crafted
to optimize Wind Deflector configurations
specifically tailored for cargo van.

Consecutively, the subsequent stage involves
the execution of CFD simulations on the three
design variations of the Wind Deflector using
Ansys Fluent R2 2023 software. These simulations
are conducted under the assumption of a steady
airflow velocity of 60 km/h. The results derived
from the CFD simulations undergo automatic
validation by the Ansys Fluent computational
program for all three design variations. The
validation of the simulation results is contingent
upon the absence of error notifications or
warnings, ensuring the reliability and accuracy of
the computational outcomes.

Upon the successful completion of the CFD
simulations meeting predefined criteria without
any error or warning notifications, the ensuing
step involves the processing and presentation of
the generated data in tabular form. This
systematic presentation is devised to facilitate a
comprehensive comparative examination of the
CFD simulation data across the three distinct
design variations of the wind deflector. The
comparative analysis stands as the cornerstone for
the subsequent discussion and elaboration of the
simulation data. This analytical phase forms the
basis upon which the research conclusions are
articulated. The research conclusions, in turn,
encapsulate synthesized insights drawn from the
comparative analysis, thereby contributing to the
scholarly discourse on the optimization of wind
deflector configurations for cargo van.

In the final segment of this research, the
conclusions drawn will be accompanied by
constructive recommendations aimed at guiding
and informing potential avenues for further
research endeavors in the field of aerodynamics
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and vehicle design. These recommendations are
intended to serve as valuable insights for
researchers and practitioners seeking to advance
the understanding and application of optimal wind
deflector configurations for enhanced cargo van
aerodynamics performance.

2.2. CFD Simulation Stages

The commencement of the CFD simulation
process encompasses the initial stage of drawing
a 3D model modification of the cargo van,
incorporating wind deflector devices. This
modification is illustrated in Figure 2. The Wind
Deflector variations are realized by modifying the
front box head angle to assume shapes resembling
the Original Model, Model 1, Model 2, and Model
3, as depicted in Figure 2.

The subsequent stage involves the meshing
process, wherein the solid geometry of each Wind
Deflector device undergoes decomposition into
smaller elements and nodes. Notably, the student
version of ANSYS Fluent software imposes a limit
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of 1,000,000 cells/nodes in the meshing process
(ANSYS, 2023). Hence, strategic determination of
optimal meshing techniques becomes paramount
at this juncture to ensure efficiency in the number
of elements and nodes for all three variations of
the Wind Deflector device models. The
comprehensive breakdown of the elements and
nodes resulting from the meshing process for each
design variation is meticulously documented in
Table 1.

Table 1 provides a comprehensive assessment
of the efficiency regarding the number of
elements and nodes within the three Wind
Deflector model variations and the overall fluid
domain. It is essential to underscore the
consistent adoption of 25 mm dimensions for 3D
tetrahedral elements (and 2D triangles) across all
Wind Deflector model variations. This decision
aligns with the elements capabilities,
strategically applied to remain within the
prescribed maximum limit of 1,000,000 elements
and nodes.
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Figure 2. 3D Model modification of the cargo vans with wind deflector.
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Table 1. Elements and nodes data.

Variant Elements Nodes
Original 982184 188781
Model 1 974100 187637
Model 2 974981 187781
Model 3 984326 189495

The mesh verification process assumes
critical significance, ensuring that the utilization
of a 25 mm element size yields an optimal and
efficient meshing method. This verification
entails a comparative analysis of the aspect ratio
quality among different element sizes 25 mm, 35
mm, and 45 mm on a Model 1 test sample. The
aspect ratio, quantifying the ratio between the
longest and shortest lengths of each geometric
edge, ideally approaches a value of 1 for optimal
outcomes. Conversely, values approaching 20
denote poor aspects, particularly noticeable in
triangular geometries, as illustrated in Figure 3
(Alawadhi, 2015).

Figure: Aspect Ratios for Triangles

TSI |
1 20

Figure 3. Ascpect ratio for triangles (Alawadhi, 2015).

Therefore, through a comparative analysis of
standard deviation values and the smallest
average aspect ratio across the three variations of
element sizes, as illustrated in Table 2, insights
into mesh quality are derived.

Table 2. Quality mesh data.

Element Avarage Aspect Standart
Size Ratio Deviation
25 mm 1.9253 0.54886
35 mm 1.9291 0.55
45 mm 1.9626 0.59887

The data in Table 2 emanates from the
outcomes of a mesh quality check conducted using
the Ansys Meshing program. Given the limitations
imposed by the maximum allowable mesh
quantity in the Ansys Student version, the
application of the 25 mm element size method
emerges as both appropriate and efficient for
deployment in the CFD simulation process. This
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determination is substantiated by the standard
deviation values, where the smallest aspect ratio
registers at 0.54886, and the smallest average
aspect ratio attains a value of 1.9253. The mesh
verification aligns seamlessly with the guidelines
outlined in the Ansys Meshing User Guide,
asserting that the optimal mesh exhibits
decreasing aspect ratios approaching 1, while
conversely, mesh quality deteriorates as aspect
ratios increase towards 20 (Alawadhi, 2015).

The delineation of boundary conditions in
CFD simulations involves the integration of
parameter data gathered from diverse and
credible literature sources. The comprehensive
set of boundary conditions encompasses various
crucial facets (Banga and Zunaid, 2017):

1) Viscous models: k-epsilon realizable non-
equilibrium wall functions

2) Inlet velocity: 80 km/h
3) Initial gauge pressure: 0 Pa
4) Turbulent intensity: 5%

— N = N N

5) Turbulent viscosity ratio: 10
6) Air density: 1.225 kg/m3
7) Air viscosity: 0.000017894 kg/ms

Additionally, certain parameters, such as
solution methods and solution controls, are either
maintained at default settings or regulated
through the Ansys Fluent solver program. The
simulation initialization process employs the
hybrid initialization method. Subsequently, the
run calculation process is executed with a
parameter specifying the number of iterations set
at 1000, ensuring the attainment of a maximally
optimized calculation outcome.

Following the simulation, the results are
visualized through the CFD-Post application. The
results showcase the airflow traversing the cargo
van body with Wind Deflector variations,
visualized through distinctive color gradient
contours and streamlines. Moreover, calculations
provide values for the drag coefficient (Cd), drag
force (Fd), pressure data, and wind pressure data
experienced on each surface of the cargo van
body with varying wind deflector configurations.

3. RESULTS AND DISCUSSION

The outcomes of the CFD simulation
conducted with the ANSYS Fluent software are
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presented in Table 3, illustrating the impact of
Wind Deflector installation on drag force (N) and
drag coefficient in a cargo van.

Table 3. Fd and Cd data of CFD simulation.

\I;:r:aaisr: Drag Force (N)  Drag Coefficient
Original 1.6524553 0.53067397
Model 1 1.5896567 0.51038630
Model 2 1.2778974 0.41037838
Model 3 1.1531116 0.37031338

Analyzing the data in Table 3, it is discerned
that the lowest drag force is recorded under the
condition of the cargo van with the Wind Deflector
Model 3 variation, amounting to 1.1531116 N.
Conversely, the highest drag force is observed in
the cargo van without a wind deflector (original)
condition, measuring 1.6524553 N. Furthermore,
the smallest drag coefficient value is identified in
the cargo van condition with Wind Deflector Model
3 variation, registering at 0.37031338, while the
highest drag coefficient is recorded in the cargo
van without a wind deflector (original) condition,
amounting to 0.53067397.

The visualization of CFD simulation results is
presented in Figure 4 and Figure 5, illustrating the
comparison of Wind Deflector (WD) variations
concerning drag force (Fd) and drag coefficient
(Cd).

2 1,65 1,59
215 B2 s
e N O e
o
s 1
w
&
5 0,5
0

Original Model 1 Model 2 Model 3

Figure 4. Drag force on cargo van with wind deflector
variations.

Observing the data of drag force from the
CFD simulation evaluation in Figure 4, it is evident
that the application of Wind Deflector devices
progressively reduces the drag force experienced
by the cargo van. Wind Deflector modifies the
pressure distribution on the vehicle surface,
diminishes turbulent regions, and ultimately
results in a reduction in drag force. The results of
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CFD simulation in this study indicate a decrease in
drag force from the original model to the Wind
Deflector Model 1 modification by 3.64%.
Subsequently, in the Model 2 modification, there
is a reduction of 22.24%, and in the final Model 3
modification, the reduction is 30.30%. These
findings align with relevant prior research, which
reported a 6.85% decrease in drag force with the
installation of a wind deflector featuring a 50
angle variation on a cargo truck (Khosravi et al.,
2015). In essence, this study's results demonstrate
consistency with earlier research regarding the
reduction of drag force on cargo vehicles
equipped with wind deflector devices. The
magnitude of drag force reduction achieved is
contingent upon the design or form of the wind
deflector itself (Khosravi et al., 2015).

0,6
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0,4
0,3
0,2
0,1

0
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041 437

Coefficient Drag

Original Model 1 Model 2 Model 3

Figure 5. Drag coefficient on cargo van with wind
deflector variations.

The data of drag coefficient from CFD
simulation evaluation in Figure 5 indicates that
variations in  Wind Deflector significantly
influence the aerodynamic characteristics of the
cargo van. Changes in the shape and orientation
of the Wind Deflector led to the redistribution of
pressure, minimizing high-pressure zones that
typically contribute to the drag coefficient. This
phenomenon can be interpreted as a result of
improved structural efficiency in mitigating
aerodynamic resistance.

Therefore, the application of Wind Deflector
devices with Model 3 variation enhances the
aerodynamic design of the cargo van compared to
Model 1, Model 2, and especially without Wind
Deflector. Thus, the implementation of Wind
Deflector on the cargo van can optimize
aerodynamic performance by reducing drag force
and drag coefficient.
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The results of CFD simulation elucidate a
decrease in the drag coefficient values for the
cargo van equipped with Wind Deflector Model 1
by 3.77%, Model 2 by 22.67%, and Model 3 by
30.18%. These outcomes align with pertinent
findings from previous research, which indicated
a drag coefficient value of 0.651 for cargo trucks
without wind deflectors. Subsequently, for cargo
trucks with wind deflectors, the drag coefficient
value was reduced to 0.542, resulting in a
successful reduction of the drag coefficient by
16.74% (Hariram et al., 2021).

The  Computational Fluid Dynamics
simulation results from ANSYS Fluent software
also visualize the phenomenon of airflow through
the cargo van body with each Wind Deflector
variation, depicted by color gradient contouring
as shown in Figure 6.

Contours that approach the red color indicate
an increase in airflow velocity, while contours
approaching the blue color signify a decrease in
airflow velocity.

Observing Figure 6, it is evident that for each
Wind Deflector design variation, the airflow
velocity, as depicted in Figure 6, shows an
increase in airflow around the Wind Deflector
area, indicated by contours transitioning from
green to approaching yellow. Additionally, there
is a deceleration in airflow velocity at the front
and rear sections of the cargo van body,
illustrated by contours approaching dark blue.
Furthermore, from the visualization of airflow
rate for each Wind Deflector design variation in
Figure 6, it is observed that there is a wake
phenomenon from the upper to the rear part of
the cargo van body.

(a) Original

(c) Model 2

(b) Model 1

2600 )

[

(d) Model 3

Figure 6. Visualization of airflow rate through the cargo van body with wind deflector.

The wake behind the vehicle tends to rotate
towards the rear of the cargo vans and induces
drag force on the vehicle, causing resistance to
the vehicle's movement. The pressure difference

at the front and rear of the cargo van body results
in a deceleration of airflow. The faster the airflow
separation occurs, the wider the wake becomes,
leading to an increased drag force. Hence, it can
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be elucidated that the cargo van equipped with
the Wind Deflector Model 3 demonstrates a more
aerodynamic design compared to other models.
This is substantiated by the clear observation of a
smaller wake area behind the cargo van with Wind
Deflector Model 3, as depicted in Figure 6.

The findings of this research indicate that the
cargo van equipped with Wind Deflector Model 3
has the smallest coefficient of drag (Cd) value,
specifically at 0.37, with a 30.30% reduction in
drag force compared to the cargo van without a
wind deflector. In comparison to previous
research, which reported the smallest Cd value at
0.508 and a 32.2% reduction in drag force for
cargo trucks without wind deflectors, the current
study shows promising results (Varadarajoo et al.,
2022).

The decrease in the Cd value for the cargo
van can be attributed to the possibility of a more
effective wind deflector design in directing
airflow and minimizing aerodynamic resistance.
Additionally, the box-like profile of the cargo van,
which is less prominent than that of cargo trucks
with a more dominant box-shaped profile in the
front, contributes further to the reduction in Cd

value and drag force. Therefore, it s
recommended to explore the development of
wind deflector designs that are more

aerodynamic, capable of directing airflow to
minimize turbulent flow effectively.

This research matchs with prior research
conducted by Abdel-Salam and Chen, who
performed a numerical analysis of airflow around
a cargo van model using CFD (Abdel-Salam and
Chen, 2014). Their findings revealed the presence
of a significant wake region behind the van model,
while this current study also highlights changes in
drag force on a box vehicle with variations in Wind
Deflector design. By comparing the findings of
both studies, it can be explained that the
additional design element, namely the Wind
Deflector, has an impact on enhancing the
aerodynamic performance of the box vehicle.

Furthermore, the findings of this study are
connected to relevant previous research by Xu and
Zhou, focusing on the analysis of airflow around
trucks and the development of additional drag
reduction devices to optimize aerodynamic
performance (Xu and Zhou, 2018). The discovery
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that the addition of Wind Deflector devices results
in a significant reduction in drag force aligns with
earlier research findings that indicate drag
reduction devices on trucks have a positive effect
on reducing aerodynamic resistance.

Hence, this study significantly contributes to
understanding the role of the Wind Deflector in
the aerodynamic performance of cargo vans.
Observations and analyses reveal that variations
in Wind Deflector designs directly influence the
airflow around the cargo van body, with Wind
Deflector Model 3 emerging as a more
aerodynamic choice. The installation of the Wind
Deflector device can be considered an effective
solution for reducing aerodynamic drag on cargo
vans.

4. CONCLUSION

In summary, the comprehensive analysis of
CFD simulation results in this study reveals a
substantial enhancement in the aerodynamic
performance of cargo vans with the installation of
Wind Deflectors. Notably, Wind Deflector Model 3
stands out as the most effective design,
showcasing a significant reduction of 30.30% in
drag force and 30.18% in drag coefficient
compared to the original configuration. The
systematic examination of drag force, drag
coefficient, and airflow patterns underscores the
valuable contribution of Wind Deflectors in
minimizing aerodynamic resistance and improving
the overall efficiency of cargo vans.

Looking ahead, it is recommended to pursue
further research and development in the realm of
aerodynamic enhancements for cargo vehicles.
Exploring additional Wind Deflector designs with
optimized shapes and orientations could lead to
even more significant improvements. The success
of Wind Deflector Model 3 suggests the feasibility
of broader applications across diverse vehicle
types. To validate and refine the simulation
results, physical wind tunnel testing is advisable,
providing empirical data for a more robust
understanding of the practical implications of
Wind Deflector installations.
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Article information: Abstract

Received: Suboptimal design and body shape in freight transport vehicles can lead to increased

04/01/2024 aerodynamic drag. To address this issue, the use of wind deflectors is proposed as a

Revised: solution to reduce aerodynamic resistance in cargo vans. The methodology employed in
@ 04/03/2024 this research involves Computational Fluid Dynamics (CFD) simulations using the Ansys

Accepted: Fluent R2 2023 software. CFD simulations were conducted on the design of a cargo box

19/03/2024 vehicle with variations in Wind Deflector Models 1, 2, and 3, employing identical boundary

condition parameters. The results of the CFD simulation for Wind Deflector Model 3
exhibited the lowest drag force at 1.1531116 Newton and a drag coefficient of
0.37031338. In conclusion, a comprehensive analysis of the CFD simulation results provides
valuable insights into the intricate aerodynamic implications of Wind Deflector variations
on cargo vans. Therefore, it is concluded that Wind Deflector Model 3 emerges as the
optimal choice, showcasing superior aerodynamic characteristics.

Keywords: cargo van, wind deflector, CFD simulation, drag force, drag coefficient.

SDGs: Abstrak

Desain dan bentuk bodi yang tidak optimal pada kendaraan angkutan barang dapat
menyebabkan peningkatan hambatan udara. Untuk mengatasi masalah ini, penggunaan
wind deflector diusulkan sebagai solusi untuk mengurangi hambatan aerodinamis pada van
kargo. Metodologi yang digunakan dalam penelitian ini melibatkan simulasi CFD
menggunakan perangkat lunak Ansys Fluent R2 2023. Simulasi CFD dilakukan pada desain
mobil box kargo dengan variasi bentuk Wind Deflector Model 1, Model 2, dan Model 3,
dengan menggunakan parameter kondisi batas yang identik. Hasil simulasi CFD Wind
Deflector Model 3 menunjukkan gaya hambat terendah sebesar 1.1531116 Newton dan
koefisien hambat sebesar 0.37031338. Sebagai kesimpulan, analisis menyeluruh terhadap
hasil simulasi CFD memberikan wawasan berharga tentang implikasi aerodinamis yang
rumit dari variasi Wind Deflector pada mobil van kargo, maka didapat kesimpulan bahwa
Wind Deflector Model 3 muncul sebagai pilihan optimal menampilkan karakteristik
aerodinamis yang unggul.

Kata Kunci: mobil box, wind deflector, simulasi CFD, gaya hambat, koefiesien hambat.
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1. INTRODUCTION

In the era of modern transportation, mobility
emerges as a crucial element supporting economic
growth and social comfort. The utilization of
motorized vehicles, particularly in the realm of
freight transportation, has surged alongside the
increasing trends in trade and distribution
(Paminto, 2020). Consequently, technologies
related to freight transport vehicles have also
undergone significant advancements. However,
the design of freight transport vehicles, including
cargo vans characterized by their predominantly
box-like shape, remains a focal point in efforts to
enhance aerodynamic efficiency. In this context,
the implementation of wind deflector devices on
cargo vans becomes a highly relevant factor in
reducing the coefficient of drag and overall
aerodynamic resistance. This, in turn, contributes
to the development of cargo van designs that are
more aerodynamic.

To comprehend the inherent aerodynamic
challenges faced by cargo van, an essential grasp
of the theory concerning drag force becomes
imperative. The aerodynamic drag force acting on
a vehicle is the resultant effect of air resistance
encountered during the vehicle's movement
through the atmospheric medium (Nath et al.,
2021). The deployment of Wind Deflectors
emerges as a pragmatic strategy to mitigate
aerodynamic drag in vehicles (Hariram et al.,
2021). These devices, modifiable or installable at
specific sections of the vehicle, are meticulously
crafted to redirect airflow, thereby ameliorating
drag force comprehensively. The substantial
reduction of drag force on cargo vans assumes
pivotal importance in enhancing the sustainability
of cargo transportation. Cargo vans, including
trucks and freight-carrying vehicles, attract
attention owing to their inherent aerodynamic
profiles, which tend to instigate higher drag
forces. The utilization of Wind Deflectors, also
known as air shields, has become a prevalent
strategy in endeavors aimed at refining the
aerodynamic efficiency of these vehicles.

The application of CFD simulations confers a
strategic advantage by enabling the virtual testing
of diverse Wind Deflector configurations and
other design variations on cargo vans. This

Page 6 of 14 - Integrity Submission

-212-

Page 6 of 1gydnigeriHy Wit Deflector Effect on Cargo Vans Aerodynamic Drag Using Computational Fluid Dyna#figdission ID trnioid:::1:3239884463

capability permits the exploration of potential
aerodynamic strategies without the need for
resource intensive physical prototype production
(Ariyansah, 2019). CFD represents a numerical
approach widely employed for modeling and
analyzing fluid flow around objects with intricate
geometries, obviating the need for costly and
intricate  physical testing (Gamayel and
Octavianus, 2021).

The underlying theory of CFD finds its roots
in the Navier-Stokes equations a set of partial
differential equations formulated to model fluid
behavior (Li et al., 2023). Employing
discretization methods such as Finite Volume or
Finite Element, the numerical solution of the
Navier-Stokes equations yields comprehensive
insights into pressure distribution, velocity, and
other aerodynamic parameters along the surface
of the vehicle (Kshirsagar and Chopade, 2018).
Thus, CFD serves as a powerful tool for accurate
simulations elucidating the intricate interaction
between airflow and cargo vans.

The ANSYS Fluent software is widely utilized
for CFD simulations in various research scenarios,
particularly for analyzing the aerodynamics of
vehicles. A study conducted by Yulianto,
Ariyansah, and Octavianus in 2023 employed the
ANSYS Fluent software version R2 2022 to
investigate the influence of design angle
variations on the U18C CC-201 locomotive's drag
coefficient and aerodynamics (Yulianto, Ariyansah
and Octavianus, 2023). The research findings
elucidate that a 150-degree angle modification on
the upper part of the GE U18C locomotive body
has a significant impact, resulting in a notable
reduction of up to 29% in the drag coefficient.

Furthermore, the study conducted by
Varadarajoo et al., delves into the aerodynamic
analysis of the impact of the Frontal Deflector on
trucks using the ANSYS Fluent software
(Varadarajoo et al., 2022). The drag force
generated by airflow separation at the rear of the
vehicle can be mitigated through the
implementation of a Frontal Deflector. Despite
creating drag, this research demonstrates that the
Frontal Deflector can reduce drag by preventing
airflow separation at the rear of the truck.
Simulations involving six different forms of Frontal
Deflector reveal that Frontal Deflector 4 exhibits
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the lowest drag coefficient, reaching 0.508 with a
height of 15 mm and a placement of 230 mm. With
a drag reduction of 32.2%, Frontal Deflector 4 is
recognized as the optimal model for enhancing
the aerodynamic efficiency of trucks.

The pursuit of optimizing aerodynamic
efficiency in cargo vans has garnered considerable
attention in prior research, particularly with an
emphasis on the effectiveness of Wind Deflectors.
Pevitt et al., conducted a seminal study,
showcasing the successful application of CFD
simulations on heavy commercial vehicles
(Moriaand and Alam, 2012). This work has laid a
robust methodological foundation for the
comprehensive analysis of  aerodynamic
characteristics. Notably, this methodology
facilitates detailed visual modeling of airflow
patterns around the vehicle and offers
adaptability to various experimental conditions
within the virtual realm.

The contribution of Moriaand and Alam, work
serves as a noteworthy precedent, illustrating the
efficacy of CFD simulations in gaining a nuanced
understanding of aerodynamic features in
commercial vehicles (Moriaand and Alam, 2012).
By employing this methodology, researchers can
conduct virtual experiments with a high degree of
accuracy, exploring diverse scenarios and
configurations to optimize the design of Wind
Deflectors for enhanced aerodynamic
performance in cargo vans. This approach not only
advances scientific knowledge in aerodynamics
but also presents a cost-effective and efficient
means to refine and innovate vehicle design
without the necessity for extensive physical
prototypes.

McTavish and McAuliffe, not only emphasize
the broader potential for aerodynamic
optimization in heavy-duty vehicles but also
provide a contextual backdrop for endeavors
aimed at enhancing fuel efficiency (McTavish and
McAuliffe, 2021). This study introduces a
stochastic simulation methodology to refine the
accurate estimation of the efficiency of
aerodynamic drag reduction technologies in
ground vehicles, particularly heavy-duty vehicles.
This approach utilizes specific wind conditions on
designated routes to predict the speed and yaw
angle of the vehicle. Predictions of aerodynamic
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drag and fuel consumption are grounded in the
vehicle's aerodynamic performance model derived
from wind tunnel measurements, road
measurements, or CFD simulations.

Simulations are employed to assess the
benefits of drag reduction technologies in heavy-
duty vehicles on two main routes in Canada,
illustrating that fuel savings can be achieved at
low speeds, such as 50 km/h, with a noteworthy
contribution from tractor-trailer platooning
approaches. Evaluation across various vehicle
weights indicates that, even as the proportion of
fuel consumption attributed to aerodynamics
decreases at low speeds, drag reduction continues
to yield substantial fuel savings. This not only
supports fuel cost reduction but also contributes
to the mitigation of greenhouse gas emissions.

Despite numerous studies investigating the
implementation of Wind Deflectors on motor
vehicles and their impact on aerodynamic
resistance, there exists a notable research gap,
particularly in the context of cargo vans.
Therefore, there is an urgent need to fill this
knowledge gap and delve into how Wind
Deflectors can be optimized to enhance
aerodynamic efficiency in cargo vans, which, in
turn, can significantly contribute to the
sustainability of freight transportation. The
novelty of this research lies in its specific focus on
cargo vans and the utilization of CFD technology
as the primary tool to investigate the complex
aerodynamic phenomena associated with these
vehicles. This study aims to analyze the effects of
Wind Deflectors on the aerodynamic drag force of
cargo vans. By achieving the objectives of this
research, it is anticipated to provide profound
insights into how the addition of Wind Deflector
devices can improve aerodynamic efficiency in
cargo vans.

2. METHODOLOGY

In this study, the primary methodology
employed is the CFD simulation approach.
However, it is imperative to emphasize that the
implemented CFD simulation approach is not
utilized in isolation rather, it is intricately
connected to both experimental and analytical
methodologies.
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This synergistic integration is strategically

devised to address potential errors and
deficiencies in parameter data during the
execution of CFD simulations, with the

overarching goal of mitigating, if not eliminating,
uncertainties inherent in the research process (Tu
et al., 2023).

This strategic integration unfolds avenues for
deriving comprehensive advantages from the
amalgamation of empirically verifiable
experimental data, in-depth mathematical
analyses, and advanced numerical simulations.
Consequently, this methodological framework
establishes a robust foundation, thereby
enhancing the reliability and credibility of the
research outcomes. The amalgamation of these
three approaches provides the requisite flexibility
to delve into specific facets that may pose
challenges if approached solely through one
method. Therefore, the success of this research is
contingent not solely upon the excellence of the
CFD simulation approach but also on the
harmonious and synergistic integration with
experimental and analytical methodologies.

2.1. Research Flow

The progression of this investigation is
elucidated in the research flowchart as shown in
Figure 1.

3D MODELING WIND
DEFLECTOR
¥ y ¥

WD MODEL 1 | I WD MODEL 2 | | ‘WD MODEL 3
! 1 1]

CFD SIMULATION
WITH ANSYS FLUENT

RUNNING
CALCULATION
WAS
SUCCESSFUL

DATA PROCESSING OF CFD
SIMULATION RESULTS

ANALYSIS & DISCUSSION OF
CFD SIMULATION RESULTS

CONCLUSION

Figure 1. Research flowchart.
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The research initiation involves an exhaustive
exploration of the literature, entailing a
comprehensive examination of diverse sources
such as scholarly books and journals pertinent to
the research context. Following this preliminary
phase, the subsequent step entails the three-
dimensional modeling process of Wind Deflector
variations. This is executed through the utilization
of computer-aided design (CAD)-based software.
The modeling phase encompasses the meticulous
design of three distinct model variations crafted
to optimize Wind Deflector configurations
specifically tailored for cargo van.

Consecutively, the subsequent stage involves
the execution of CFD simulations on the three
design variations of the Wind Deflector using
Ansys Fluent R2 2023 software. These simulations
are conducted under the assumption of a steady
airflow velocity of 60 km/h. The results derived
from the CFD simulations undergo automatic
validation by the Ansys Fluent computational
program for all three design variations. The
validation of the simulation results is contingent
upon the absence of error notifications or
warnings, ensuring the reliability and accuracy of
the computational outcomes.

Upon the successful completion of the CFD
simulations meeting predefined criteria without
any error or warning notifications, the ensuing
step involves the processing and presentation of
the generated data in tabular form. This
systematic presentation is devised to facilitate a
comprehensive comparative examination of the
CFD simulation data across the three distinct
design variations of the wind deflector. The
comparative analysis stands as the cornerstone for
the subsequent discussion and elaboration of the
simulation data. This analytical phase forms the
basis upon which the research conclusions are
articulated. The research conclusions, in turn,
encapsulate synthesized insights drawn from the
comparative analysis, thereby contributing to the
scholarly discourse on the optimization of wind
deflector configurations for cargo van.

In the final segment of this research, the
conclusions drawn will be accompanied by
constructive recommendations aimed at guiding
and informing potential avenues for further
research endeavors in the field of aerodynamics
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and vehicle design. These recommendations are
intended to serve as valuable
researchers and practitioners seeking to advance
the understanding and application of optimal wind
deflector configurations for enhanced cargo van

aerodynamics performance.

2.2. CFD Simulation Stages

insights for

The commencement of the CFD simulation
process encompasses the initial stage of drawing
a 3D model modification of the cargo van,
incorporating wind deflector devices. This
modification is illustrated in Figure 2. The Wind
Deflector variations are realized by modifying the
front box head angle to assume shapes resembling
the Original Model, Model 1, Model 2, and Model
3, as depicted in Figure 2.

The subsequent stage involves the meshing
process, wherein the solid geometry of each Wind
Deflector device undergoes decomposition into
smaller elements and nodes. Notably, the student
version of ANSYS Fluent software imposes a limit

170

of 1,000,000 cells/nodes in the meshing process
(ANSYS, 2023). Hence, strategic determination of
optimal meshing techniques becomes paramount
at this juncture to ensure efficiency in the number
of elements and nodes for all three variations of
the Wind Deflector device models. The
comprehensive breakdown of the elements and
nodes resulting from the meshing process for each

design variation is meticulously documented in

Table 1.

Table 1 provides a comprehensive assessment
of the efficiency regarding the number of
elements and nodes within the three Wind
Deflector model variations and the overall fluid

domain. It is essential

to underscore the

consistent adoption of 25 mm dimensions for 3D
tetrahedral elements (and 2D triangles) across all
Wind Deflector model variations. This decision

aligns  with  the
strategically applied to

elements’

capabilities,

remain within the

prescribed maximum limit of 1,000,000 elements

and nodes.
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Figure 2. 3D Model modification of the cargo vans with wind deflector.
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Table 1. Elements and nodes data.

Variant Elements Nodes
Original 982184 188781
Model 1 974100 187637
Model 2 974981 187781
Model 3 984326 189495
The mesh verification process assumes

critical significance, ensuring that the utilization
of a 25 mm element size yields an optimal and
efficient meshing method. This verification
entails a comparative analysis of the aspect ratio
quality among different element sizes 25 mm, 35
mm, and 45 mm on a Model 1 test sample. The
aspect ratio, quantifying the ratio between the
longest and shortest lengths of each geometric
edge, ideally approaches a value of 1 for optimal
outcomes. Conversely, values approaching 20
denote poor aspects, particularly noticeable in
triangular geometries, as illustrated in Figure 3
(Alawadhi, 2015).

Figure: Aspect Ratios for Triangles

1 20
Figure 3. Ascpect ratio for triangles (Alawadhi, 2015).

Therefore, through a comparative analysis of
standard deviation values and the smallest
average aspect ratio across the three variations of
element sizes, as illustrated in Table 2, insights
into mesh quality are derived.

Table 2. Quality mesh data.

Element Avarage Aspect Standart
Size Ratio Deviation
25 mm 1.9253 0.54886
35 mm 1.9291 0.55
45 mm 1.9626 0.59887

The data in Table 2 emanates from the
outcomes of a mesh quality check conducted using
the Ansys Meshing program. Given the limitations
imposed by the maximum allowable mesh
quantity in the Ansys Student version, the
application of the 25 mm element size method
emerges as both appropriate and efficient for
deployment in the CFD simulation process. This
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determination is substantiated by the standard
deviation values, where the smallest aspect ratio
registers at 0.54886, and the smallest average
aspect ratio attains a value of 1.9253. The mesh
verification aligns seamlessly with the guidelines
outlined in the Ansys Meshing User Guide,
asserting that the optimal mesh exhibits
decreasing aspect ratios approaching 1, while
conversely, mesh quality deteriorates as aspect
ratios increase towards 20 (Alawadhi, 2015).

The delineation of boundary conditions in
CFD simulations involves the integration of
parameter data gathered from diverse and
credible literature sources. The comprehensive
set of boundary conditions encompasses various
crucial facets (Banga and Zunaid, 2017):

1) Viscous models: k-epsilon realizable non-
equilibrium wall functions

2) Inlet velocity: 80 km/h
3) Initial gauge pressure: 0 Pa
4) Turbulent intensity: 5%

~ = = — ~— ~—

5) Turbulent viscosity ratio: 10
6) Air density: 1.225 kg/m?
7) Air viscosity: 0.000017894 kg/ms

Additionally, certain parameters, such as
solution methods and solution controls, are either
maintained at default settings or regulated
through the Ansys Fluent solver program. The
simulation initialization process employs the
hybrid initialization method. Subsequently, the
run calculation process is executed with a
parameter specifying the number of iterations set
at 1000, ensuring the attainment of a maximally
optimized calculation outcome.

Following the simulation, the results are
visualized through the CFD-Post application. The
results showcase the airflow traversing the cargo
van body with Wind Deflector variations,
visualized through distinctive color gradient
contours and streamlines. Moreover, calculations
provide values for the drag coefficient (Cd), drag
force (Fd), pressure data, and wind pressure data
experienced on each surface of the cargo van
body with varying wind deflector configurations.

3. RESULTS AND DISCUSSION

The outcomes of the CFD simulation
conducted with the ANSYS Fluent software are

Submission ID trn:oid:::1:3239884463



presented in Table 3, illustrating the impact of
Wind Deflector installation on drag force (N) and
drag coefficient in a cargo van.

Table 3. Fd and Cd data of CFD simulation.

:;:;:: Drag Force (N) Drag Coefficient
Original 1.6524553 0.53067397
Model 1 1.5896567 0.51038630
Model 2 1.2778974 0.41037838
Model 3 1.1531116 0.37031338

Analyzing the data in Table 3, it is discerned
that the lowest drag force is recorded under the
condition of the cargo van with the Wind Deflector
Model 3 variation, amounting to 1.1531116 N.
Conversely, the highest drag force is observed in
the cargo van without a wind deflector (original)
condition, measuring 1.6524553 N. Furthermore,
the smallest drag coefficient value is identified in
the cargo van condition with Wind Deflector Model
3 variation, registering at 0.37031338, while the
highest drag coefficient is recorded in the cargo
van without a wind deflector (original) condition,
amounting to 0.53067397.

The visualization of CFD simulation results is
presented in Figure 4 and Figure 5, illustrating the
comparison of Wind Deflector (WD) variations
concerning drag force (Fd) and drag coefficient
(Cd).

2 1,65 1,59
R Bl 128 445
o B B ..
[
s 1
[* 9
v
& 0,5
0

Original Model 1 Model 2 Model 3

Figure 4. Drag force on cargo van with wind deflector
variations.

Observing the data of drag force from the
CFD simulation evaluation in Figure 4, it is evident
that the application of Wind Deflector devices
progressively reduces the drag force experienced
by the cargo van. Wind Deflector modifies the
pressure distribution on the vehicle surface,
diminishes turbulent regions, and ultimately
results in a reduction in drag force. The results of
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CFD simulation in this study indicate a decrease in
drag force from the original model to the Wind
Deflector Model 1 modification by 3.64%.
Subsequently, in the Model 2 modification, there
is a reduction of 22.24%, and in the final Model 3
modification, the reduction is 30.30%. These
findings align with relevant prior research, which
reported a 6.85% decrease in drag force with the
installation of a wind deflector featuring a 50
angle variation on a cargo truck (Khosravi et al.,
2015). In essence, this study's results demonstrate
consistency with earlier research regarding the
reduction of drag force on cargo vehicles
equipped with wind deflector devices. The
magnitude of drag force reduction achieved is
contingent upon the design or form of the wind
deflector itself (Khosravi et al., 2015).

0,6
0,5
0,4
0,3
0,2
0,1

0

0,53 051

041 o037

Coefficient Drag

Original Model 1 Model 2 Model 3

Figure 5. Drag coefficient on cargo van with wind
deflector variations.

The data of drag coefficient from CFD
simulation evaluation in Figure 5 indicates that
variations in Wind Deflector significantly
influence the aerodynamic characteristics of the
cargo van. Changes in the shape and orientation
of the Wind Deflector led to the redistribution of
pressure, minimizing high-pressure zones that
typically contribute to the drag coefficient. This
phenomenon can be interpreted as a result of
improved structural efficiency in mitigating
aerodynamic resistance.

Therefore, the application of Wind Deflector
devices with Model 3 variation enhances the
aerodynamic design of the cargo van compared to
Model 1, Model 2, and especially without Wind
Deflector. Thus, the implementation of Wind
Deflector on the cargo van can optimize
aerodynamic performance by reducing drag force
and drag coefficient.

Submission ID trn:oid:::1:3239884463



Z"j turnitin Page 12 of gdq IeMENAIRENDEABCtor Effect on Cargo Vans Aerodynamic Drag Using Computational Fluid DynghHgission ID trn:oid::1:3239884463

The results of CFD simulation elucidate a
decrease in the drag coefficient values for the
cargo van equipped with Wind Deflector Model 1
by 3.77%, Model 2 by 22.67%, and Model 3 by
30.18%. These outcomes align with pertinent
findings from previous research, which indicated
a drag coefficient value of 0.651 for cargo trucks
without wind deflectors. Subsequently, for cargo
trucks with wind deflectors, the drag coefficient
value was reduced to 0.542, resulting in a
successful reduction of the drag coefficient by
16.74% (Hariram et al., 2021).

The  Computational Fluid Dynamics
simulation results from ANSYS Fluent software
also visualize the phenomenon of airflow through
the cargo van body with each Wind Deflector
variation, depicted by color gradient contouring
as shown in Figure 6.

Contours that approach the red color indicate
an increase in airflow velocity, while contours
approaching the blue color signify a decrease in
airflow velocity.

Observing Figure 6, it is evident that for each
Wind Deflector design variation, the airflow
velocity, as depicted in Figure 6, shows an
increase in airflow around the Wind Deflector
area, indicated by contours transitioning from
green to approaching yellow. Additionally, there
is a deceleration in airflow velocity at the front
and rear sections of the cargo van body,
illustrated by contours approaching dark blue.
Furthermore, from the visualization of airflow
rate for each Wind Deflector design variation in
Figure 6, it is observed that there is a wake
phenomenon from the upper to the rear part of
the cargo van body.

(a) Original

(b) Model 1

(c) Model 2

(d) Model 3

Figure 6. Visualization of airflow rate through the cargo van body with wind deflector.

The wake behind the vehicle tends to rotate
towards the rear of the cargo vans and induces
drag force on the vehicle, causing resistance to
the vehicle's movement. The pressure difference

at the front and rear of the cargo van body results
in a deceleration of airflow. The faster the airflow
separation occurs, the wider the wake becomes,
leading to an increased drag force. Hence, it can
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be elucidated that the cargo van equipped with
the Wind Deflector Model 3 demonstrates a more
aerodynamic design compared to other models.
This is substantiated by the clear observation of a
smaller wake area behind the cargo van with Wind
Deflector Model 3, as depicted in Figure 6.

The findings of this research indicate that the
cargo van equipped with Wind Deflector Model 3
has the smallest coefficient of drag (Cd) value,
specifically at 0.37, with a 30.30% reduction in
drag force compared to the cargo van without a
wind deflector. In comparison to previous
research, which reported the smallest Cd value at
0.508 and a 32.2% reduction in drag force for
cargo trucks without wind deflectors, the current
study shows promising results (Varadarajoo et al.,
2022).

The decrease in the Cd value for the cargo
van can be attributed to the possibility of a more
effective wind deflector design in directing
airflow and minimizing aerodynamic resistance.
Additionally, the box-like profile of the cargo van,
which is less prominent than that of cargo trucks
with a more dominant box-shaped profile in the
front, contributes further to the reduction in Cd

value and drag force. Therefore, it is
recommended to explore the development of
wind deflector designs that are more

aerodynamic, capable of directing airflow to
minimize turbulent flow effectively.

This research matchs with prior research
conducted by Abdel-Salam and Chen, who
performed a numerical analysis of airflow around
a cargo van model using CFD (Abdel-Salam and
Chen, 2014). Their findings revealed the presence
of a significant wake region behind the van model,
while this current study also highlights changes in
drag force on a box vehicle with variations in Wind
Deflector design. By comparing the findings of
both studies, it can be explained that the
additional design element, namely the Wind
Deflector, has an impact on enhancing the
aerodynamic performance of the box vehicle.

Furthermore, the findings of this study are
connected to relevant previous research by Xu and
Zhou, focusing on the analysis of airflow around
trucks and the development of additional drag
reduction devices to optimize aerodynamic
performance (Xu and Zhou, 2018). The discovery
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that the addition of Wind Deflector devices results
in a significant reduction in drag force aligns with
earlier research findings that indicate drag
reduction devices on trucks have a positive effect
on reducing aerodynamic resistance.

Hence, this study significantly contributes to
understanding the role of the Wind Deflector in
the aerodynamic performance of cargo vans.
Observations and analyses reveal that variations
in Wind Deflector designs directly influence the
airflow around the cargo van body, with Wind
Deflector Model 3 emerging as a more
aerodynamic choice. The installation of the Wind
Deflector device can be considered an effective
solution for reducing aerodynamic drag on cargo
vans.

4. CONCLUSION

In summary, the comprehensive analysis of
CFD simulation results in this study reveals a
substantial enhancement in the aerodynamic
performance of cargo vans with the installation of
Wind Deflectors. Notably, Wind Deflector Model 3
stands out as the most effective design,
showcasing a significant reduction of 30.30% in
drag force and 30.18% in drag -coefficient
compared to the original configuration. The
systematic examination of drag force, drag
coefficient, and airflow patterns underscores the
valuable contribution of Wind Deflectors in
minimizing aerodynamic resistance and improving
the overall efficiency of cargo vans.

Looking ahead, it is recommended to pursue
further research and development in the realm of
aerodynamic enhancements for cargo vehicles.
Exploring additional Wind Deflector designs with
optimized shapes and orientations could lead to
even more significant improvements. The success
of Wind Deflector Model 3 suggests the feasibility
of broader applications across diverse vehicle
types. To validate and refine the simulation
results, physical wind tunnel testing is advisable,
providing empirical data for a more robust
understanding of the practical implications of
Wind Deflector installations.
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