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 This paper presents an in-depth aerodynamics simulation of a prototype car utilizing 

computational fluid dynamics (CFD) technology. The primary objective of this research is 

to analyze and optimize the vehicle's aerodynamic performance to enhance its stability, 

efficiency, and overall performance. A detailed CFD model of the prototype car was 

developed, encompassing the exterior body and relevant aerodynamic features. The 

simulation was conducted under various operating conditions to assess the impact of 

different design elements on the airflow patterns, drag coefficient, and lift force. The 

methodology involved using advanced meshing techniques to accurately capture the 

complex geometries of the car and high-fidelity turbulence models to simulate the airflow 

dynamics. This article discusses the creation of aerodynamically optimized prototype 

automobile designs using examples of cars that have competed in local and international 

contests for fuel-efficient vehicles, such as the Shell Eco-Marathon. The designs are CFD-

simulated at speeds ranging from 15 km/h to 60 km/h in 5 km/h increments. Results for 

drag coefficients and lift, pressure, and velocity contours are graphically shown. In 

addition, the results indicate significant areas for aerodynamic improvement, particularly 

in reducing the drag coefficient and optimizing the downforce distribution. This research 

contributes valuable insights into the aerodynamic design process of prototype vehicles, 

demonstrating the critical role of CFD technology in automotive engineering. 
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1. INTRODUCTION 

 

Aerodynamics plays a pivotal role among the myriad factors 

influencing vehicle efficiency and safety. Designing cars that 

minimize air resistance, optimize fuel efficiency, and maintain 

stability at high speeds is crucial in developing competitive 

and sustainable vehicles. In this context, computational fluid 

dynamics (CFD) technology has emerged as a powerful tool, 

enabling detailed simulation and analysis of aerodynamic 

properties without the need for costly and time-consuming 

physical prototypes. Only recently have automakers been 

more interested in low-speed aerodynamics due to the rising 

cost of gasoline. With the primary objective of creating clean, 

efficient, and sustainable cars for transportation, car makers 

today are focusing on making their vehicles more 

aerodynamic.  

Due to the improved processing power available in recent 

years, CFD has often been used to forecast the aerodynamic 

flow around vehicles, making it a practical tool for modeling 

aerodynamic effects [1, 2]. Certain CFD software makes it 

simple to build up the aerodynamic properties of a complicated 

body near a moving wall and with moving parts, enabling real-

world features to be included early in the design phase. The 

lattice Boltzmann approach is being employed more often in 

CFD solvers because of the exponential development in 

processing power; this has created some unrest in the Navier-

Stokes-dominated CFD sector. The Navier-Stokes equations 

describe the fluid flow behavior. How Navier-Stokes and 

lattice Boltzmann computational simulations compare and 

contrast is still unknown. 

Road vehicles' aerodynamic properties determine their 

energy efficiency from aerodynamic drag, safety features like 

crosswind stability and vehicle soiling, and how much of an 

impact they have on their surroundings regarding noise and air 

pollution. The issue is properly using them in a dynamic 

design environment with multiple design revisions by 

precisely simulating highly complicated fluid processes and 

obtaining findings more quickly [3]. According to previous 

studies, regulatory stability has caused a convergence in 

design, meaning that competitive circuit performance now 

rests on optimizing aerodynamic design [4]. This study 

examines the fundamentals of the aerodynamics of the car's 

rear backlight angle.  

The CATIA simulation examined the aerodynamic behavior 

and the bluff body's design [5-7]. The CFD simulation is used 

to explore this. The investigation's model of choice focuses on 

the bluff body. To demonstrate the theory of the coefficient of 

drag and the coefficient of lift, several researchers and authors 

have utilized Ahmed's model, a well-known bluff body with a 

variety of backlight angles. For instance, Simon and 

Gioacchion highlighted that reference models are often used 

in vehicle aerodynamics research to comprehend better the 

flow patterns a single vehicle may provide on the road. Based 

on this work, they employed the Ahmad model for this 
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investigation [8-10]. 

Additionally, it's important to include CFD early in the 

design phase to avoid later revisions and essential reworks 

[11]. One of the most crucial safety factors in passenger 

vehicles is resistance to side wind. Still, the aerodynamic 

efficiency of the majority of production vehicles has only ever 

been represented by a coefficient of drag (CD): which only 

depicts the vehicle's aerodynamic resistance to airflow in the 

forward direction [12, 13]. Additionally, models with moving 

ground exhibit greater aerodynamic drag during yawed flow 

than simulations with stable ground [14, 15]. 

It is generally known that when the wheels rotate, local and 

global aerodynamic forces are impacted [16-18]. However, 

designs with precise geometry employed in the construction of 

the vehicle provide the possibility for drag reduction early in 

the design process [19]. Typically, wheel and wheel cover 

design is only considered in the latter stages of development. 

Road cars often have their suspension developed apart from 

their aerodynamics. A moving object's ride height, pitching, 

and rolling moments are affected by acceleration, braking, and 

turning, which significantly vary in the aerodynamic 

coefficients [20, 21]. 

In recent years, high-performance computers and relatively 

accurate turbulence models have made CFD methods 

increasingly important in automotive aerodynamics research. 

Various studies have demonstrated the versatility and 

effectiveness of CFD in addressing complex aerodynamic 

challenges. Kabanovs et al. [22] investigated the influence of 

wheel, ground, and spray boundary conditions on the 

simulation of rear soiling of a generic SUV using CFD 

technology. Liu et al. [23] adopted a dynamic mesh and sliding 

interface to conduct a numerical simulation, investigating the 

transient aerodynamic characteristics of vehicles during the 

overtaking process under the influence of crosswinds. Keogh 

et al. [24] studied the aerodynamic changes that occur during 

cornering and the underlying physical causes of time-averaged 

cornering-specific flow phenomena. Cho et al. [25] used 

numerical simulation methods to evaluate the performance of 

underbody aerodynamic drag reduction devices based on the 

actual shape of a sedan-type vehicle. Deng et al. [26] studied 

the effect of the power battery pack installed in the chassis on 

the aerodynamic characteristics of the electric vehicle, the 

CFD method is used to study the flow and pressure fields of 

the SAE (Society of Automotive Engineers) hierarchical car 

model with battery packs mounted on chassis. The influence 

of the structure parameters of the battery pack on the 

automobile's aerodynamics is also analyzed in detail. Based on 

the simulation results, it can be seen that the battery pack 

installed on the chassis greatly impacts the flow and pressure 

field at the bottom and tail of the vehicle, causing the drag 

coefficient and lift coefficient to increase. 

Despite significant advancements in CFD technology, 

numerous challenges remain in accurately predicting and 

optimizing the aerodynamic behavior of prototype cars. These 

challenges stem from the complex nature of airflow, which 

involves turbulent, transitional, and laminar flow regimes and 

the interaction between various vehicle components and the 

surrounding air. Addressing these issues requires sophisticated 

simulation techniques and a deep understanding of fluid 

dynamics. 

With commercial software, this work intends to offer 

research on the aerodynamics of a prototype vehicle primarily 

relevant to flow analysis using CFD modeling. The goal is to 

utilize the knowledge of the flow to aid the stylist in enhancing 

the aerodynamic qualities throughout the vehicle's design. 

CFD is used to understand the causes of forces and moments 

acting on a vehicle and set goals for their controlled change 

rather than just anticipating the forces and moments acting on 

a vehicle. For CFD research, a defined process is necessary to 

guarantee the consistency and accuracy of simulations.  

The subsequent sections will provide a detailed description 

of the methods employed for CFD simulation, show the 

outcomes of our aerodynamic study, and examine the 

significance of our discoveries concerning vehicle design. 

This paper emphasizes the significance of CFD technology in 

the automotive sector and its function in promoting innovation 

and effectiveness in vehicle development. 

 

 

2. SIMULATION METHODOLOGY 

 

2.1 Geometric model 

 

In the current research, we proposed four models of the car 

based on previous research and selected the best profile for the 

experimental procedure. The profiles and dimensions of the 

four models are shown in Figure 1 and Table 1. 

 

 
 

Figure 1. Profiles of 4 simulation models 

 

Table 1. Dimensions of simulation models 

 
Model Length (mm) Width (mm) Height (mm) 

Model 1 2701 917 678 

Model 2 2415 806 868 

Model 3 2602 1101 725 

Model 4 2665 1073 674 

 

 
 

Figure 2. Drag and lift forces over a vehicle 

 

A body immersed in a moving fluid will experience forces 

over its surface. The resulting force over the car in the 
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direction of the flow, in the x-direction, is termed the drag FD. 

The force acting normally to this one, in the y-direction, is 

termed the lift FL. Figure 2 shows a representation of these two 

forces over a vehicle. 

A side force in the z-direction, known as the side force, 

would be seen on the vehicle for a completely three-

dimensional situation with a flow direction that is not parallel 

to the symmetrical plane. In addition, certain sophisticated 

evaluations of a vehicle's aerodynamic performance may be 

able to benefit from the moments these forces produce over the 

center of gravity of the vehicle. These moments, which revolve 

around the x, y, and z axes, are called rolling, jawing, and 

pitching moments. 

Using the drag and lift coefficients is a popular strategy in 

fluid dynamics to handle the drag and lift force. These 

dimensionless numbers make it possible to measure and 

contrast the drag and lift of various forms. The drag coefficient 

(CD) is defined. 

 

𝐶𝐷 =
𝐹𝐷

1
2

𝜌𝑈2𝐴
 (1) 

 

And the lift coefficient (CL) is defined according to: 

 

𝐶𝐿 =
𝐹𝐿

1
2

𝜌𝑈2𝐴
 (2) 

 

where, 

A: Frontal area of the object [𝑚2] 
U: Upstream velocity [𝑚/𝑠] 
𝜌: Density of the moving fluid [𝑘𝑔/𝑚3] 
As can be seen, the drag varies with density, the square of 

velocity, frontal area, and the dimensionless parameter CD. 

The form of the body has a significant impact on its drag 

coefficient. A car's overall drag may be decreased by 

decreasing the drag coefficient and area via effective 

aerodynamic design. In the process of designing an 

automobile, the product CD. A should be utilized as a guide to 

estimate the aerodynamic performance of the designs 

regardless of the fluid and velocity operating circumstances. 

The key objective of an efficient design would be to reduce CD 

and frontal area while still adhering to the dimension 

restrictions of the competition and the pilot's comfort. The 

drag increases the amount of energy required on the vehicle, 

decreasing its efficiency since it is one of the factors opposing 

the vehicle's relative movement. 

 

2.2 Governing equations 

 

The dominant equations for the flow representation are 

those from physics:  

•Equation of conservation of mass  

•Equation for conservation of angular momentum  

•Equation of conservation of energy 

 

2.2.1 Equation of conservation of mass 

The mass of the fluid entering and leaving is permanently 

conserved. Let us consider a control volume of zonal, 

meridional, and vertical sizes δx, δy, and δz and of density ρ 

on a fixed Cartesian coordinate system (i, j, k) attached to the 

ground. Mass increase in liquids is the increase in density with 

time: 

 

𝜕

𝜕𝑡
(𝜌𝛿𝑥𝛿𝑦𝛿𝑧) =

𝜕𝜌

𝜕
𝛿𝑥𝛿𝑦𝛿𝑧 (3) 

 

Fluid flows entering and leaving the fluid domain are shown 

in Figure 3. 

 

 
 

Figure 3. Mass entering and leaving per unit volume 

 

(𝜌𝑢 −
𝜕(𝜌𝑢)

𝜕𝑥

1

2
𝛿𝑥) 𝛿𝑦𝛿𝑧 − (𝜌𝑢 +

𝜕(𝜌𝑢)

𝜕𝑥

1

2
𝛿𝑥) 𝛿𝑦𝛿𝑧 

+ (𝜌𝑣 −
𝜕(𝜌𝑢)

𝜕𝑦

1

2
𝛿𝑦) 𝛿𝑥𝛿𝑧 − (𝜌𝑣 +

𝜕(𝜌𝑢)

𝜕𝑦

1

2
𝛿𝑦) 𝛿𝑥𝛿𝑧 

+ (𝜌𝑤 −
𝜕(𝜌𝑤)

𝜕𝑧

1

2
𝛿𝑧) 𝛿𝑥𝛿𝑦 − (𝜌𝑤 +

𝜕(𝜌𝑤)

𝜕𝑧

1

2
𝛿𝑧) 𝛿𝑥𝛿𝑦 

(4) 

 

The mass flow rate into the element on its faces (2) equals 

the mass gain rate within the element. The formula is six 

divided by the element mass x, y, and z, and all terms of scales 

equal the volume of the sorted result to the left of the equal's 

sign. This ratio provides the continuity equation or the 

Equation for the conservation of mass: 

 
𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢)

𝜕𝑥
+

𝜕(𝜌𝑣)

𝜕𝑦
+

𝜕(𝜌𝑤)

𝜕𝑧
= 0 (5) 

 

2.2.2 Equation for conservation of angular momentum 

The total of the forces exerted on a fluid particle equals the 

rate at which its momentum increases. 

According to Lagrange motion, the moment of force acting 

in the three directions of x, y, and z on the liquid particle is 

𝜌
𝐷𝑢

𝐷𝑡
; 𝜌

𝐷𝑣

𝐷𝑡
; 𝜌

𝐷𝑤

𝐷𝑡
. 

Forces acting on liquid particles:  

•Mass force: Centrifugal force; Electromagnetism; 

Gravitation  

•Facial force: Force due to pressure; Force due to viscosity 

From here, we can derive the time components according to 

the following methods: 

Direction x:  

 

𝜌
𝐷𝑢

𝐷𝑡
=

𝜕(−𝑝 + 𝜏𝑥𝑥)

𝜕𝑥
+

𝜕𝜏𝑦𝑥

𝜕𝑦
+

𝜕𝜏𝑧𝑥

𝜕𝑧
+ 𝑆𝑀𝑥 (6) 

 

Direction y:  

 

𝜌
𝐷𝑣

𝐷𝑡
=

𝜕𝜏𝑥𝑦

𝜕𝑥
+

𝜕(−𝑝 + 𝜏𝑦𝑦)

𝜕𝑦
+

𝜕𝜏𝑧𝑦

𝜕𝑧
+ 𝑆𝑀𝑦 (7) 

 

Direction z:  
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𝜌
𝐷𝑤

𝐷𝑡
=

𝜕𝜏𝑥𝑧

𝜕𝑥
+

𝜕𝜏𝑦𝑧

𝜕𝑦
+

𝜕(−𝑝 + 𝜏𝑧𝑧)

𝜕𝑧
+ 𝑆𝑀𝑧 (8) 

 

2.2.3. Equation of conservation of energy 

The total energy gained from the waste particle equals the 

total heat transferred and the total work produced in the seed. 

Thus, the total energy increases per unit volume is 𝜌
𝐷𝐸

𝐷𝑡
. 

The total heat transferred to the system is div(k*gradT). 

Where k is the heat transfer coefficient T is the temperature. 

Total work done in liquid particles: 

 

[−𝑑𝑖𝑣(𝑝𝑢)] + [
𝜕(𝑢𝜏𝑥𝑥)

𝜕𝑥
+

𝜕(𝑢𝜏𝑦𝑥)

𝜕𝑦
+

𝜕(𝑢𝜏𝑧𝑥)

𝜕𝑧
 

+
𝜕(𝑣𝜏𝑥𝑦)

𝜕𝑥
+

𝜕(𝑣𝜏𝑦𝑦)

𝜕𝑦
+

𝜕(𝑣𝜏𝑧𝑦)

𝜕𝑧
+

𝜕(𝑤𝜏𝑥𝑧)

𝜕𝑥
 

+
𝜕(𝑤𝜏𝑦𝑧)

𝜕𝑦
+

𝜕(𝑤𝜏𝑧𝑧)

𝜕𝑥
] 

(9) 

 

Thus, the energy equation can be determined: 

 

𝜌𝑐
𝐷𝑇

𝐷𝑡
= 𝑑𝑖𝑣(𝑘 ∗ 𝑔𝑟𝑎𝑑𝑇) + 𝜏𝑥𝑥

𝜕𝑢

𝜕𝑥
+ 𝜏𝑦𝑥

𝜕𝑢

𝜕𝑦
 

+𝜏𝑧𝑥

𝜕𝑢

𝜕𝑧
+ 𝜏𝑥𝑦

𝜕𝑣

𝜕𝑥
+ 𝜏𝑦𝑦

𝜕𝑣

𝜕𝑦
+ 𝜏𝑧𝑦

𝜕𝑣

𝜕𝑧
+ 𝜏𝑥𝑧

𝜕𝑤

𝜕𝑥
 

+𝜏𝑦𝑧

𝜕𝑤

𝜕𝑦
+ 𝜏𝑧𝑧

𝜕𝑤

𝜕𝑧
+ 𝑆𝑖 

(10) 

 

2.3 Boundary conditions 

 

The area in space where the CFD program solves the 

numerical equations governing fluid flow is known as the 

computational domain. A computational domain size of at 

least two car lengths in front of the vehicle and five car lengths 

behind it is utilized, as advised by research on automobile 

exterior aerodynamics. Additionally, the simulation's vehicle 

was elevated by 1 centimeter. More skewed cells are formed 

at shorter distances between the wheels and the ground. These 

cells cause the solution to become unstable, which makes the 

problem's convergence difficult and prone to numerical 

mistakes. As a consequence, as shown in Figure 4, a 

computational domain is created to include the simulation 

models. The computational domain has the following 

dimensions: The vehicle has three car lengths in front, five car 

lengths behind, three car widths wide, and three car heights 

high. 

 

 
 

Figure 4. Computational volume for the CFD simulations 

 

The inlet is designated as the left border. The airflow has a 

velocity range of 20 to 45 km/h with 5 km/h steps. The top and 

right-side limits suppose an outlet pressure boundary 

condition. A symmetry boundary condition is considered to be 

the mid-vertical plane. The automobile and other barriers are 

seen as walls. The boundary conditions significantly impact 

the solution to the issue and how it is rated in math outcomes. 

There are several kinds of boundary conditions for traditional 

CFD simulations, including the following:  

Airflow intake velocity: Adjust the air flow input velocity.  

Gas stream outlet pressure: Adjust the gas stream outlet 

pressure.  

Symmetry: The open domain plane is selected.  

The plane is designated as the wall. Wall slip is the slip 

margin at the wall border condition, while wall no-slip is non-

slip. 

-The pressure-based simulation model is used for vehicles 

as the gas flow is not yet compressed, and the fundamental 

profile is not difficult to use owing to the low operating speed. 

Such research shows that 𝑘 − 𝜀  realizable model is more 

accurate than other models such as RNG, … in free flow. 

Consequently, a simulation of the automobile model is run 

using the entangled model. Bosch's study further demonstrates 

that this concept is simple to set up, highly stable, and doesn't 

need a computer with a powerful CPU. The material selected 

at Material is Fluid with Air material having parameters about 

air density  = 1.225, kinematic viscosity  = 1.7894e-5. 

-Set the airflow velocity and vehicle speed if the model is 

reversed at the boundary; the acceptable range is 15 to 60 

km/h. 

-The simulation type can be chosen under the Method 

section. Victor Fuerst Pacheco chooses the Couple solution 

with the best outcomes for the vehicle simulation issue based 

on the author's report. Research indicates that the internal 

technique is the best answer. Results from second-order 

interpolation will be superior to those from first-order 

interpolation.  

-For automobiles, the airflow within the vehicle won't move 

convolutedly; therefore, you may build up 1000 interactions 

using Steady time. 

 

2.4 Domain meshing 

 

The program automatically divides the mesh of the 

prototype automobile. The mesh is separated into Polyhedral 

mesh and meshed Prims at the edge to guarantee that the 

behavior near the wall is estimated. Experience and study 

indicate that Prim's grid is often set up in 3 to 10 levels, 

depending on the issue and the state of the facilities already in 

place. This is because Prim's grid generates more components 

than a typical grid does. Despite requiring fewer cells to record 

the flow in the wake zone, it requires less processing power 

and memory. A fine mesh surrounding the vehicle may be able 

to capture flow characteristics and need less memory and 

processing time than a fine mesh covering the whole domain. 

Mesh independence research has been done to confirm mesh 

size does not impact the outcomes.  

 

2.5 Setup of the problem  

 

The simulation program offers a variety of algorithms for 

the solution approaches. The SIMPLE and the Coupled 

simulation methodologies have been employed for the 

simulations in this thesis. These are a few of the numerical 

methods for solving the discretized Navier Stokes equation 

that are pressure-based. The simulations were conducted using 

the coupled approach since it requires fewer iterations and less 

computing time to attain convergence. However, the SIMPLE 
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approach was used to do the simulations when there was 

insufficient RAM memory.  

 

 
 

Figure 5. Flow diagram of the simulation process 

 

The second-order upwind approach was used for the spatial 

discretization of momentum, turbulent kinetic energy, and 

turbulent dissipation rate. Additionally, several of the under-

relaxation parameters for the momentum, pressure, turbulent 

viscosity, and Reynolds stress equations were modified from 

their default values. This was carried out regardless of whether 

the convergence occurred more slowly than anticipated and 

the stability of the solution was unaffected. 

Several important variables were tracked in order to follow 

the iteration process, determine when it was time to end the 

computation, and consider whether the result converged. The 

continuity, the velocity components (x, y, and z): The turbulent 

kinetic energy, the dissipation rate, and the Reynolds stresses 

were first monitored using the residuals. The changes in a 

quantity's value between two successive iterations are known 

as the residuals.  

Then, a monitor for the lift and drag, which are the relevant 

variables, 𝐶𝐷 and 𝐶𝐿 was generated. This is the main monitor 

that was tracked during the iteration process, as once these 

values reach a steady behavior of at least the 3𝑟𝑑  or 4𝑟𝑑  a 

decimal number, the solution converged in lift and drag. If the 

solution was converged in terms of the drag and lift 

coefficients, the residual monitors were checked to ensure that 

all the residuals were below 10−4 or 10−5 . Figure 5 shows 

different steps, procedures, and numerical setups. 

 

 

3. RESULTS AND DISCUSSIONS 

 

The simulation may be deemed finished, and the solution 

data from the whole computational volume can be exported 

after the convergence conditions stated have been satisfied. 

After processing these findings, extracting the necessary flow 

attributes from the calculated flow field is required. The 

solution yields about 100 flow parameters, such as pressure, 

velocity, turbulence intensity, vorticity, and an extensive list 

of other factors.  

 
 

Figure 6. Dynamic pressure distribution of 4 simulation models 
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Figure 7. Comparison peed of air moving speed around the models at 40 km/h 

 

After simulation, the airflow through the automobile and its 

effects on the tire and vice versa may be seen. The post process 

provides tools that display velocity, pressure, and energy 

changes in the computational domain, where there are 

perturbations and vortices. The outside of the car is given a 

non-slip state with zero speed because of the road surface and 

surface. 

A lifting body's lift is related to the fluid density, fluid 

velocity, and an associated reference area by a dimensionless 

lift coefficient. Aerodynamicists utilize the lift coefficient as a 

straightforward approach to simulate all the intricate 

relationships between form, tilt, and certain flow conditions 

and lift. This coefficient expresses the lift force to force 

generated by dynamic pressure times area. As shown in Figure 

6 and Figure 7, the dynamic pressure and air speed are directly 

impacted by the aerodynamic profile, which causes a variation 

in the distribution of simulation models at 40 km/h. As a result, 

the vehicle's front end has localized zones with extremely high 

dynamic pressure distribution. In models 1 and 3, the dynamic 

pressure progressively diminishes from the front to the back of 

the vehicle. When there are two pressure maximums in the 

front and back of the vehicle in the vertical plane via the 

wheels, the findings in models 2 and 4 are likely to be 

comparable.  

Figure 8 compares the drag and lift coefficients for different 

cases. The trend in the graph shows that the lift force decreases 

exponentially with the increase in speed. However, there is an 

opposite about the drag coefficient when the drag coefficient 

increases with increasing velocity. For the studied profiles, the 

lift coefficient in ascending order is Vehicle 2, vehicle 1, 

vehicle 3, and Vehicle 4, respectively. Meanwhile, the drag 

coefficient in descending order is vehicle 2, respectively. 1, 

vehicle 4, and vehicle 3. The average drag coefficient of 

models 3 and 4 is less than 0.05 (dramatically smaller than that 

of other previous studies). 

The results obtained from the design of Vehicle 3 and 

Vehicle 4 demonstrate a decrease in the aerodynamic 

resistance experienced by the rear wheels. The aerodynamic 

drag of the front wheels was decreased due to the formation of 

a high-pressure area at the beginning of the side air dam. 

However, no alterations in the flow pattern were detected 

when the side air dam was exclusively implemented, except 

for the reduction in aerodynamic drag at the wheels. However, 

the total aerodynamic drag increased due to the drag caused by 

the side air dam itself. In addition, there is a negligible 

disparity in the rear surface pressure between the two 

scenarios. The under-fin obstructed the airflow underneath the 

vehicle, preventing it from reaching the sides. This obstruction 

resulted in a decrease in aerodynamic drag around the wheels. 

 

 
 

Figure 8. Comparison of the drag and lift coefficient for 

different models 
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Additionally, the under-fin collected the airflow at the 

center, further reducing the micro drag in that area. 

Nevertheless, the decrease in the velocity of the flow 

underneath the vehicle's center, caused by the aerodynamic 

resistance of the center under-fin and the enhancement of the 

spreading effect in the diffuser region, resulted in a reduction 

in the upward flow of the air beneath the vehicle. Therefore, 

aerodynamic profiles 3 and 4 will be chosen to proceed with 

the calculating process, research, and manufacturing. 

 

 

4. CONCLUSIONS 

 

The application of CFD technology in the aerodynamic 

analysis of the prototype car has yielded significant insights 

into optimizing its design for improved performance. The 

simulation results underscored key areas for aerodynamic 

improvement, particularly in reducing the drag coefficient and 

optimizing the downforce distribution. This study provided a 

comprehensive assessment of the vehicle's aerodynamic 

characteristics under various operating conditions by 

accurately modeling the complex geometries and airflow 

dynamics using advanced meshing techniques and high-

fidelity turbulence models. The findings demonstrated that 

targeted design modifications could enhance vehicle stability, 

efficiency, and performance. This research contributes 

valuable knowledge to the aerodynamic design process of 

prototype vehicles and highlights the indispensable role of 

CFD technology in advancing automotive engineering. 
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