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ABSTRACT 

Electric vehicles' aerodynamic performance must be improved to increase energy economy and driving stability. 

This study uses Computational Fluid Dynamics (CFD) simulations to investigate how a straight-wing spoiler with a 15° 

inclination affects an electric vehicle's aerodynamic properties. A modified model with a spoiler and a basic model without 

one were compared. The findings showed an almost constant drag coefficient and a notable decrease in lift, which greatly 

improves vehicle stability. According to a pressure distribution study, the spoiler successfully improved traction and reduced 

the chance of lift-off at high speeds by increasing downforce at the back of the car. Better airflow management, less 

turbulence, and increased aerodynamic efficiency were all shown via streamlined analysis. These results imply that a 

straight-wing spoiler can improve electric vehicles' stability and aerodynamic performance without adding undue 

aerodynamic resistance. By offering insights into spoiler optimization, this study advances the design of electric vehicles 

and aids in creating more reliable and energy-efficient electric car technologies.  
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1. INTRODUCTION 

In an attempt to lessen reliance on fossil fuels and cut 

down on carbon emissions from internal combustion engine 

(ICE)-based cars, electric vehicle improvements have been 

created in recent years [1], [2], [3], [4]. Technological 

improvements have made electric vehicles more popular than 

traditional automobiles. Despite ongoing advancements in 

electric vehicle technology, significant obstacles still need to be 

overcome, especially concerning performance, range, and energy 

economy.  Aerodynamic drag is one of these issues that has been 

shown to affect power usage significantly. More energy is 

needed to overcome air resistance as aerodynamic drag increases. 

As a result, it has been determined that optimizing aerodynamic 

design is essential to raising the performance and energy 

efficiency of electric cars [5], [6], [7]. 

Vehicle aerodynamics-in particular, air resistance, 

which has to be reduced to lower power consumption been 

demonstrated to significantly impact electric cars' efficiency. The 

majority of the vehicle's energy is expended to combat 

aerodynamic drag at speeds higher than 80 km/h [8], [9]. Uneven 

pressure distribution and erratic airflow patterns have also been 

shown to have a role in lift generation in addition to drag. It has 

been shown that excessive lift decreases vehicle stability, 

particularly while traveling at high speeds or on slick, uneven 

roads. Aerodynamic designs have been used to control airflow 

around the vehicle to increase energy efficiency and preserve 

vehicle stability [10], [11], [12]. 

Computational fluid dynamics (CFD) techniques have 

been extensively used in several studies to assess the 

aerodynamic properties of vehicles. Without the need for 

intricate and costly physical testing, this method enables the 

investigation of airflow patterns, shear stress, and pressure 

distribution. Many electric vehicle designs have been 

numerically analyzed using CFD simulations to find the best 

form for lowering air resistance and improving vehicle stability. 

Comparing vehicle designs with and without extra parts like 

diffusers or spoilers has also been made possible by the 

application of CFD techniques [13], [14], [15], [16], [17], [18]. 

Installing a rear spoiler is one method to improve a 

vehicle's aerodynamics. To increase driving stability, lower lift, 

and regulate airflow at the back of the car, spoilers have been 

used. Straight-wing spoilers have gained widespread use because 

of their straightforward design and capacity to reduce lift without 

appreciably increasing aerodynamic drag. Previous studies have 

shown that adding spoilers to ICE-based cars can improve their 

aerodynamic performance. Nevertheless, there are very few 

citations for research examining how well spoilers work on 

electric cars. Therefore, it has been determined that further study 

is required to fully comprehend how straight-wing spoilers affect 

the stability and efficiency of electric vehicles [19], [20], [21], 

[22], [23], [24]. 

The CFD approach will be used in this study to 

examine how using a straight-wing spoiler affects the 

aerodynamic properties of electric cars. The effects of spoilers on 

drag and lift, pressure distribution, and airflow patterns will all be 

systematically compared. To evaluate changes in aerodynamics, 

simulations will be run with and without spoilers. The study's 

findings are anticipated to offer fresh perspectives on optimizing 

spoiler designs for electric cars. Furthermore, this research aims 

to aid in developing more reliable and efficient electric car 

technology. 

 

2. MATERIAL AND METHODS 

The primary technique in this study is 

Computational Fluid Dynamics (CFD) simulation, as seen 

in Figure-1. A review of prior research journals' literature 
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is done to comprehend the theoretical underpinnings and 

background. Additionally, CAD software is used to 

construct the automobile model, which is imported into the 

designated simulation area. The necessary boundary 

conditions and the airflow velocity are established in this 

domain. Lastly, the CFD simulation results are used to 

acquire data in the form of streamline flow, pressure 

distribution, and velocity distribution. 

 

 
 

Figure-1. Phases of the CFD simulation process. 

 

2.1 Modelling 

The automobile model is created using 

SolidWorks' surface module as part of the prototype design 

process. Figure-2 displays the automobile model's front and 

side perspectives. To create a more linear, streamlined flow 

with less turbulence, a wing-style spoiler is placed on the 

back of the vehicle to decrease lift and drag. Model A was 

chosen following the reference [25], taking into account the 

external shape intended to lower air resistance through a 

roof that slopes gently, resulting in improved airflow and 

less turbulence. Drag is decreased, and energy efficiency is 

increased because of the body's smooth form and lack of 

sharp bends. 

 

 
 

Figure-2. CAD Model A's dimensional illustration. 

 

Figure-2 shows the dimensions used in Model A, 

which have been modified to match the reference car model 

as nearly as possible to preserve its aerodynamic properties 

and proportions.  

 
 

Figure-3. Axonometric images of Model B's front and 

back with straight-type wing spoilers. 

 

Figure-3 displays the axonometric perspective of 

Model B, which is the outcome of altering Model A by 

adding a spoiler of the straight wing type. This spoiler's 

widespread availability on the market and ability to greatly 

enhance the vehicle's aerodynamics at a comparatively 

inexpensive cost led to its selection. Additionally, the 

inclusion of this spoiler increases the vehicle's stability by 

lowering the lift and drag forces on the vehicle [26], [27]. 

 

 
 

Figure-4. Dimensional representation of the straight wing 

spoiler form with CAD Model B. 

 

Figure-4 shows the Model B dimensions, which 

are identical to and modified from Model A. Additionally, 

a straight-wing spoiler has been added. To enhance 

aerodynamic efficiency and optimize airflow around the 

vehicle at high speeds, the spoiler, in this instance, is 

positioned at an angle of attack of 15 degrees. 

 

2.2 Meshing and Validation 

To make sure that the mesh resolution employed 

did not affect the CFD simulation results, a mesh 

convergence analysis was carried out in this work [28]. A 

range of mesh configurations, from coarse mesh to fine 

mesh, was tested with varying numbers of components. 

Data from the study [29], which is shown in Table-1, was 

compared with the outcomes of the mesh topologies that 

were examined. 

 

Table-1. Research simulation results [29]. 
 

Velocity (m/s) Drag Force (N) 

14 80.038 

25 260.808 

34 485.899 

55 1276.659 
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Simulations were run at 25 m/s for mesh 

validation, and the outcomes were contrasted with several 

mesh configurations ranging from coarse to fine. This 

validation aimed to verify that the chosen mesh design 

yields data consistent in size with the reference. 

 

Table-2. Results of the mesh validation that have  

been carried out. 
 

No. Mesh 
Number of 

cells 

Drag Force 

(N) Actual 
Error 

1 167664 247,69083 5,03% 

2 466268 260,9005 0,04% 

3 617386 239,40756 8,21% 

4 708191 210,41539 19,32% 

5 851893 289,80024 11,12% 

 

Based on the mesh validation findings in Table-2, 

mesh configuration number 2, which has 466268 cells, was 

chosen as the optimal mesh configuration. This is because, 

compared to the reference data, the mesh at number 2 

generates a drag force of 260.9005 N with an error rate of 

just 0.04%. Mesh number two is chosen for the CFD 

simulation because of its much lower error rate when 

compared to other mesh configurations. 

 

2.3 Setup Fluent 

To replicate the air impact of a wind tunnel, the 

automobile model is positioned in a virtual environment 

with airflow characteristics that mimic those of a wind 

tunnel. The computational domain's size is established to 

guarantee appropriate airflow movement. With the 

automobile model positioned inside the computational 

domain, Figure-5 displays the visualization of the wind 

tunnel virtual domain. The computational domain's length 

is set at 5 m, its height at 4 m, and its total length at 25 m. 

To achieve appropriate streamlined behavior evaluation in 

CFD simulation, the computational domain spans 15 meters 

from the back side of the automobile. In comparison, the 

front of the model is positioned 5 meters from the intake. 

 

 
 

Figure-5. Computational domains in CFD. 

 

The computational domain's exterior surface 

pressure is set to atmospheric pressure. According to the 

reference [30], CFD simulations are run for five-speed 

limitations and are used in Indonesia to show how airflow 

varies under various pertinent speed situations. 

 

3. RESULTS AND DISCUSSIONS 

After the simulation, the model of EV analysis was 

carried out using CFD. The streamline, pressure, and 

velocity under the wing simulation results are shown below. 

The simulation results show that in all variations of the 

model, with and without a spoiler wing, at velocities of 40, 

60, 80, and 100 km/h. 

 

3.1 Streamline 

The Cl and Cd findings from the simulation results 

for each scenario with different speed variations are shown 

in the table below. See the accompanying graphic to better 

understand the lift and drag coefficient fluctuation graphs 

with speed. 

 

 
 

Figure-6. Comparison graph of the drag force between 

Model A and Model B. 

  

 
 

Figure-7. Comparison graph of Lift between Model A  

and Model B. 

 

It is evident that although Cd drops with 

increasing speed, the Cl value of Model A without spoilers 

tends to remain steady with a tiny reduction at high speeds. 

Model B's Cl and Cd exhibit a consistent trend with minor 

variations at different speed ranges. Based on the 

observations in Figures 6 and 7, Model B, which has a 

straight-wing spoiler, has a noticeably higher Cl. 

Furthermore, it can be shown from the study of Figures 8 

and 9 that Model B, which has a straight wing spoiler, 

generates more streamlined flow on the spoiler at low to 

high speeds than Model A, which does not. 

Unlike Model A without a spoiler, installing a 

straight wing-type spoiler significantly reduces lift, 

according to additional data based on Figures and Figures. 

At speeds between 60 and 80 km/h, the straight wing spoiler 

reduces lift by 100%; at speeds between 100 and 120 km/h, 
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it rises by around 30%. Lift is reduced by 150% on average 

when a straight-wing spoiler is used, which is more than 

when a Model A spoiler is not used. The straight wing 

spoiler effectively reduces lift because of its 15° slope, 

which produces a reverse lift effect. Lowering the overall 

lift increases vehicle stability. The slope significantly alters 

the airflow, which increases the pressure differential and 

produces more downforce. This enhances tire traction, 

keeps the car more stable on the road, and lowers the chance 

of losing control when driving quickly or making sudden 

turns. 

 

Table-3. Variation of Cl and Cd of each scenario at 

different speeds. 
 

Velocity 

(Km/h) 
Model A Model B 

 Cl Cd Cl Cd 

40 0,1798 0,3046 -0,0601 0,3005 

60 0,1783 0,2994 -0,0761 0,2989 

80 0,1622 0,2986 -0,0863 0,2978 

100 0,1590 0,2965 -0,0941 0,2968 

120 0,1564 0,2901 -0,0989 0,2957 

 

An automobile with a straight wing spoiler has a 

significantly different drag coefficient than a car without 

one, as seen in Figures 7 and 8. This demonstrates how 

using a spoiler has considerably increased the vehicle's 

aerodynamic drag. Therefore, lowering the lift produced by 

the straight-wing spoiler without noticeably increasing 

aerodynamic drag can boost vehicle stability. Using this 

spoiler may be a practical way to enhance the vehicle's 

aerodynamic performance when traveling at high speeds. 

 

 
 

Figure 8. Streamline the velocity of air passing through 

Model A at a speed of 100 km/h. 

 

 
 

Figure-9. Streamline the velocity of air passing through 

Model B at a speed of 100 km/h. 

 

In addition to the data shown above, the two 

scenarios' streamlines, contour plots, and vector plots were 

seen at the speeds under analysis. Two-dimensional views 

of the airflow through Models A and B at 100 km/h are 

shown in Figures 8 and 9. It is evident from Figures 8 and 

9 that the existence of the spoiler alters the airflow at the 

back of the car in Models A and B, which are the cars 

without a spoiler and those with a straight wing-type 

spoiler. The reverse lift is created by directing the wind 

toward the spoiler, eventually improving the vehicle's 

stability by lowering the lift produced. 

 

3.2 Pressure 

The pressure resulting from each scenario's 

simulation results from different speed variations is shown 

in Table-4. Figures 11 and 12 indicate which locations 

generate the highest and lowest pressure in each simulated 

model; this table also describes the pressure results at each 

black point. 

 

Table-4. Pressure plot results at 3 points of each scenario at different speeds. 
 

Velocity 

(Km/h) 
Model A Model B 

 Pressure (Pa) 

 P1 P2 P3 P4 P1 P2 P3 P4 

40 76,49 23,07 -52,66 3,45 73,76 28,65 -48,32 28,4 

60 169,709 64,57 -118,12 15,33 164,48 67,89 -107,88 78,36 

80 283,87 101,86 -203,01 15,45 292,15 133,14 -191,42 152,462 

100 395,25 194,58 -316,53 43,1 462,25 234,16 -298,87 267,26 

120 563,409 246,08 -464,10 37,47 662,64 323,2 -442,04 349,89 
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Table-4 highlights a significant difference in 

pressure at four measurement points between Model A, 

which lacks a spoiler, and Model B, which features a 

straight-wing spoiler. Model A generally experiences lower 

pressure than Model B, particularly at points P2 and P4. 

This suggests that the spoiler plays a role in altering the 

airflow pressure distribution around the vehicle. As speed 

increases, a distinct variation is observed at P3, where 

Model B exhibits less negative pressure than Model A. This 

indicates that the spoiler helps minimize the rear suction 

effect, thereby enhancing downforce. Furthermore, at P4, 

Model B shows a considerable rise in pressure, especially 

at higher speeds. At 120 km/h, the pressure at P4 in Model 

B reaches 349.89 Pa, while Model A records a significantly 

lower value of 37.47 Pa. This trend emphasizes the spoiler’s 
impact on modifying airflow dynamics at the vehicle's rear, 

leading to improved aerodynamic performance. 

The negative pressure observed at P3 can be 

attributed to the increase in airflow velocity, which, 

according to Bernoulli’s equation, leads to a decrease in 

static pressure, creating a low-pressure region. In this 

region, the airflow is redirected downward, causing a 

pressure drop as the air accelerates over the surface. Since 

the force vector in this area follows the same direction as 

gravity, it contributes to increased downforce, which is 

crucial in maintaining vehicle stability at high speeds. 

Model A, which lacks a spoiler, exhibits a more pronounced 

negative pressure at P3 due to the absence of aerodynamic 

control over the airflow. In contrast, Model B, equipped 

with a spoiler, reduces this negative pressure by 

redistributing the airflow more effectively, thereby 

optimizing downforce and improving overall stability. 

These results confirm that the straight-wing spoiler is vital 

in optimizing pressure distribution, increasing downforce, 

and ultimately enhancing vehicle stability at high speeds. 

The presence of negative pressure at P3 further highlights 

the aerodynamic influence of the spoiler, as it modifies 

airflow behavior to enhance performance and control. 

 

 
 

Figure-10. Pressure contour of Model A at 120 km/h. 

 

 
 

Figure-11. Pressure contour of Model B at 120 km/h. 

 

The distinctions between the models with and 

without spoilers may be seen in Models A and B by 

comparing the pressure contours shown in Figures 10 and 

11. When spoilers are added, the vehicle's rear pressure 

rises compared to when they are not. Compared to the 

model without spoilers, the vehicle with straight-wing 

spoilers exhibits a more significant rise in rear-end 

pressure. Overall, the models with and without spoilers 

exhibit significantly different pressure levels. When 

spoilers are used, pressure rises, particularly at points P2 

and P4, which affects downforce and, in turn, can increase 

vehicle stability at high speeds. 

It is evident from the graph in Figure-12 that there 

is a regular pattern in the pressure on Models A and B. 

Unlike Model A, Model B exhibits more pressure at points 

P2 and P4. The spoiler installation, which raises the car's 

rear, can be used to validate the rise in pressure at these 

spots.  This is consistent with the spoiler's enhanced 

downforce, which eventually helps to improve stability at 

high speeds. This pressure differential is easily discernible 

at even higher speeds at locations P2 and P4. Consequently, 

the spoiler's impact on the vehicle's pressure distribution 

may significantly enhance its stability and aerodynamics. 

 

 
 

Figure-12. Pressure difference graph at points P1, P2, and 

P3 in Model A and Model B. 

 

3.3 Pressure 

Figures 13 and 14 display the variations in air 

velocity plots that flow through the vehicle in each 

circumstance. Accordingly, the flow patterns seen at the 
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vehicle's front, roof, and bottom do not significantly change 

across the models. There is a minor variation in the back of 

the car in each situation, although the flow patterns 

previously described are the same. Even though this 

difference might not seem like much, it can significantly 

impact how well a car performs. 

 

 
 

Figure-13. Velocity contour of airflow passing over 

Model A at 120 km/h. 

 

 
 

Figure-14. Velocity contour of airflow passing over 

Model B at 120 km/h. 

 

The airflow at the back of the car alters due to the 

wing spoiler's different form. Flow separation results from 

the backflow at the back of the car, which has a negative 

velocity. A low-pressure zone and the development of 

turbulence or vortices result from this flow separation. 

 

 
(a)   (b) 

 

Figure-15. (a) Streamline passing Model A without a 

spoiler; (b) Streamline passing Model B with  

straight wings. 

 

According to the flow study, having a spoiler 

results in different recirculation around the spoiler at the 

back of the car, which reduces lift.  As can be observed in 

Figure-15(a), a sizable backflow is produced when the 

airflow through Model A flows through it directly. When 

there is no spoiler, the airflow is not focused on pressing 

the car down to generate downforce, which increases lift 

and decreases wheel grip on the road. In contrast, airflow 

separation in the straight-wing spoiler seen in Figure-21(b) 

only happens when it strikes the spoiler; no backflow would 

produce turbulence after passing. This demonstrates how 

the spoiler causes little turbulence at the back of the car. 

The straight-wing spoiler is better at regulating airflow 

because it generates enough downforce without causing 

undue turbulence. The airfoil wing spoiler, on the other 

hand, increases high turbulence but is more aggressive in 

producing downforce. 

 

4. DISCUSSIONS 

The results of the Computational Fluid Dynamics 

(CFD) simulation conducted in this study indicate that 

installing a straight-wing spoiler with a 15° inclination on 

an electric vehicle can significantly enhance aerodynamic 

characteristics. Based on the analysis performed, several 

key aspects require further discussion. From the simulation 

results, the lift coefficient (Cl) on Model B with a spoiler 

was significantly reduced compared to Model A without a 

spoiler. At speeds ranging from 40 km/h to 120 km/h, Cl in 

Model B remained more stable and decreased drastically 

compared to Model A. This reduction in lift indicates that 

the spoiler successfully minimized the lift force, which can 

cause vehicle instability at high speeds. Meanwhile, the 

drag coefficient (Cd) in Model B did not increase 

significantly compared to Model A. This finding suggests 

that installing a spoiler did not drastically increase 

aerodynamic resistance, which could reduce the efficiency 

of the electric vehicle. In other words, using this spoiler 

effectively balanced the reduction of lift force without 

significantly impacting air resistance. The simulation 

showed that Model B with a spoiler generated a higher 

pressure distribution at the vehicle's rear than Model A. 

This increased pressure contributed to greater downforce, 

enhancing wheel traction and vehicle stability. This 

pressure distribution also affected the overall aerodynamic 

performance of the vehicle. At high speeds (120 km/h), the 

increase in pressure at the rear of Model B with a spoiler 

reached 349.89 Pa, which was higher than that of Model A. 

This finding confirms that the spoiler can improve vehicle 

stability by providing additional downward force on the 

road surface. 

Streamline analysis and velocity contour results 

demonstrated that the spoiler effectively controlled the 

airflow around the vehicle, particularly at the rear. Model B 

exhibited a more directed airflow pattern with minimal 

turbulence with a spoiler than Model A. In Model A without 

a spoiler, airflow tended to create backflow and turbulence, 

which could increase the lift force. Conversely, in Model B, 

the spoiler helped to direct airflow more efficiently, 

reducing backflow and generating stable downforce. This 

aspect is crucial in enhancing vehicle control, especially at 

high speeds. Based on the results obtained from the CFD 

simulation, it can be concluded that using a straight-wing 

spoiler with a 15° inclination on an electric vehicle provides 

several key advantages. A significant reduction in the lift 

coefficient leads to improved vehicle stability. No 

substantial increase in drag ensures that aerodynamic 

efficiency is maintained. Enhanced pressure distribution at 
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the rear of the vehicle contributes to greater downforce. 

More efficient airflow direction reduces turbulence and 

improves vehicle control. Thus, installing a straight-wing 

spoiler can be considered an effective solution for 

enhancing the aerodynamic performance of electric 

vehicles without compromising energy efficiency. 

 

5. CONCLUSIONS 

The aerodynamic performance of a traditional 

electric car with and without a spoiler is assessed in this 

study.  Lift, drag, and flow characteristics are examined in 

aerodynamics using a range of speed situations, from 40 

km/h to 120 km/h. installing a straight wing can 

significantly reduce lift and increase vehicle stability at 

high speeds, according to the analytical results produced by 

the simulation, as mentioned earlier.  Particularly at high 

speeds, the straight-wing spoiler exhibits a more significant 

decrease, with an average value of 150%.  Including the 

spoiler reduces lift and improves the pressure distribution 

at the back of the car, which increases downforce without 

significantly altering aerodynamic drag.  According to the 

flow characteristic study, the air flowing to the straight-

wing spoiler controls the air surrounding the vehicle more 

effectively by generating enough downforce without 

causing undue turbulence. The best way to increase the 

vehicle's stability and aerodynamic efficiency at high 

speeds without appreciably increasing aerodynamic drag is 

to deploy spoilers, particularly the straight wing type with 

a 15° slope. 
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