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Abstract: A major contributing factor to the growing severity of the global warming issue is
greenhouse gas emissions, of which carbon dioxide from moving cars makes up a significant
amount. Therefore, electric vehicles have become the focus of countries to replace
conventional internal combustion engine vehicles due to their low emission characteristics.
However, the weight of electric vehicles is increased by their reinforced structures and
batteries, which reduces their range. In the short run, it is challenging to lower the weight of
electric vehicles greatly because of the constraints of battery technology. Thus, lowering air
resistance has emerged as a key strategy for extending the range of electric cars. This paper
first analyses the reasons why electric vehicles need better aerodynamic design to increase
range, including increased environmental demands, battery technology limitations and the
high weight of electric vehicles. Next, the causes of air resistance are explored. Finally, the
paper discusses ways to design active aerodynamic components to increase or decrease drag
under different operating conditions. For example, a front air dam design can reduce the
amount of airflow into the underbody, reducing lift and increasing grip. Variable air dams
can optimize aerodynamics by automatically adjusting their position according to speed and
driving conditions. In conclusion, the aim of this paper is to find and discover ways to
optimize the aerodynamic performance of electric vehicles in order to solve the range
problem. This paper provides an important theoretical and practical basis for aerodynamic
optimization of electric vehicles.

Keywords: Aerodynamics, vehicle energy efficiency, electric vehicles, CFD, body styling
design

1. Introduction

Global warming due to greenhouse gas emissions is becoming an increasingly serious problem [1],
with a large portion of CO2 emissions being produced by automobiles [2]. This problem has led to
the rapid development of electric vehicles, which are being promoted in many countries to replace
conventional internal combustion engine vehicles with electric vehicles due to their low emission
characteristics. However, due to limitations in battery technology, the batteries and associated
reinforcements in electric vehicles make them heavier than conventional fuel vehicles, resulting in a
lack of range. In contrast, fuel-efficient vehicles are more fuel-efficient at high speeds, resulting in
longer range [3]. In addition, the air-conditioning system of electric vehicles requires a complete
heating unit, while fuel vehicles do not, which also affects the range of electric vehicles. The actual
discharge of the battery is also affected by the ambient temperature, further limiting the range of EVs.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Due to the limitations of battery technology, it is difficult for electric vehicles to make significant
breakthroughs in weight in a short period of time. Another way to increase the range is to reduce the
drag force on the car. According to the research, air resistance is the primary resistance that the car
needs to overcome under high speed conditions. So in optimising the aerodynamics of an electric
vehicle becomes an important way to increase the range of an electric vehicle. However, the
optimisation of the drag force may lead to an increase in the lift force of the vehicle making the
vehicle more unstable at high speeds [4]. Therefore, optimising the aerodynamics of electric vehicles
has become a very important part of the design. This paper will discuss the main causes of electric
vehicle drag and the solutions to this problem in the context of related research.

2. Reasons for the air resistance of the car

Air resistance is mainly composed of viscous resistance and pressure resistance. Viscous resistance
mainly refers to the resistance produced by the viscosity of the air and the roughness of the car surface
when the air flows over the car surface. Viscous drag mainly occurs within the boundary layer. The
boundary layer is a layer of fluid near the surface of a solid surface as the fluid flows over the surface.
Within the boundary layer, the velocity of the fluid gradually increases from zero (at the solid surface)
to the same velocity as the main flow. Therefore, the surface roughness of a car may be an influential

factor in viscous drag. F; = % -p+v2 - Cs A. (Fy) is the frictional drag (p) is the air density (V) is the

speed of the car (Cy) is the coefficient of friction (A) is the car surface area.
Pressure resistance is resistance due to the difference in pressure between the front and back of an
object. When air flows through a car, the front of the air flows the slowest, creating a high-pressure

region according to Bernoulli's principle P+% -p-v? =C and a low-pressure region at the rear. This

difference in pressure between the front and rear creates a backward force called pressure drag. The
reason for the low pressure at the rear of the car is that when air flows over the rear of the car, airflow
separation occurs, creating a vortex region, which results in a lower pressure at the rear and increased
pressure drag.

3.  Vehicle air resistance solution
3.1. Minimising air resistance from the vehicle design exterior

In order to reduce viscous drag, a smoother surface is often considered to achieve the goal while the
body area remains the same. However, increasing the surface smoothness may not be able to reduce
the viscous drag of air to a large extent, as shown in a study on civil aviation technology, where the
surface roughness is less than or equal to 400 micro inches of equivalent sand grains, as shown in Fig.
1, the viscous drag on the surface becomes almost undetectable.

———

Figure 1: Relationship between surface smoothness and viscous resistance [5].
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Although increasing surface smoothness does not have a significant effect on viscous drag
reduction, adding special layers to the surface may have the effect of reducing air drag by reducing
the amount of foreign matter (dust, animal feces, tree resin, etc.) adhering to the body of the vehicle
while driving, thereby increasing the surface flatness in disguise [6].

The vast majority of the air resistance of a car is still generated by pressure drag, and the MIRA
model responds to different car designs using three back configurations, i.e. Squareback, Fastback
and Notchback. As shown in Figure 2. It can be seen that the 3 back shapes affect the passenger space
on one hand, and on the other hand, they have an important effect on the drag, with flow structures
of different scale vortices in the separation zone. All these structures contribute to the formation of a
low pressure zone in the rear of the model. The size of the low pressure zone is related to the strength
of the flow vortices, the size of the separation zone and the strength of the internal flow structures;
the stronger the vortices and the larger the size of the separation zone, the lower will be the local
pressure induced. [7]

(a) Squareback (b) Fastback (c) Notchback
Figure 2: Flow structures and the drag coefficients of an MIRA model with different backs|[8].

In order to reduce the low pressure generated by the vortex area at the rear, adding a diffuser to
the rear of the car is a good option. The diffuser is designed as an upward sloping area at the rear of
the car, due to the increase of space volume of the diffuser along its length, the high speed airflow at
the bottom of the car will be exported in the diffuser and expand the airflow, and its induced airflow
can effectively reduce the vortex flow at the rear of the car as shown in the CFD simulation in Fig. 3.

Figure 3: CFD simulation of a GT car with and without a diffuser[9].

It can be seen that the introduction of the diffuser introduces a gas that makes the vortex zone at
the rear of the car smaller, making it more inclined to the shape of a water droplet, so the air resistance
of the car is reduced by 3.87% [10].Furthermore, as illustrated in Fig. 4, the diffuser will speed up
the airflow in the throat, creating a low pressure zone at the bottom of the vehicle. This will improve
the vehicle's handling ability and grip.
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Pressure distribution of the vehicle underbody
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Figure 4: Pressure distribution at the bottom of a car with a diffuser [11].

At the same time the lip spoiler located above the rear end has a similar effect. A downward sloping
rear roof extension is used which reduces the height of the tail flow [12]. In a CFD driven study it
was shown that the drag coefficient of the vehicle fitted with a rear spoiler was reduced by 4.8%. In
this study, 2 spoilers were selected i.e. square back and fastback rear spoiler. According to this reason,
if one of the rear spoilers is placed at the back of the car, the low pressure zone will be annihilated

slowly. The performance of the car is improved in terms of acceleration and the handling of the car
[13].

3.2. Designing active aerodynamic components to increase or reduce drag in different
operating conditions

The front air dam design of the car reduces the amount of airflow into the underbody of the car by
extending the front bumper downwards to form a barrier to block airflow. Effectively creating a
vacuum zone at the bottom of the car, this helps to reduce the lift of the car and increase the grip of
the wheels, thus improving the stability of the vehicle at high speeds. (As shown in Figure 5)

Front & Dam

hras of Vasasm

Figure 5: The working principle of the front air dam of'a car [14].

The air resistance of a car can be roughly simplified as F,, = % pAC,,v?%,( A) is the windward area
of the car in square meters (m?), and this formula shows that the air resistance is directly proportional
to the windward area of the car and the air resistance coefficient. Therefore an air dam at the front

end of the car may lead to an increase in the air resistance of the car, in this case, a triangular air dam
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or a variable air dam is a good choice, a triangular air dam significantly reduces the wind resistance
coefficient compared to an L-shaped air dam [15] see Figure 6.

Figure 6: Different shapes of air dam[16].

The variable air dam, on the other hand, automatically adjusts its position according to the vehicle's
speed and driving conditions. At high speeds, the air dams are deployed to optimise aerodynamics;
at low speeds or in urban areas, the air dams are retracted to increase ground clearance and reduce
the windward area of the car to reduce air resistance.

4. Conclusion

In the current electric vehicle market, almost all electric vehicles still face the problem of insufficient
range. Most automakers try to reduce vehicle drag through aerodynamic optimisation, but in the
process of reducing aerodynamic drag, many aerodynamic components that generate downforce are
removed in order to maintain the handling of the vehicle. The absence of these components tends to
cause the car to generate too much lift at high speeds, affecting driving stability and the driving
experience. Therefore, how to balance the handling and aerodynamic drag of a car will be an
important research topic in the future.

The aim of this study is to find and discover ways to optimise the aerodynamic performance of
electric vehicles in order to solve the problem of insufficient electric vehicle range. The possibility
of optimising the car's range by active and passive aerodynamic kits on the car is discussed, mainly
through the reduction of air resistance. The results of the study validate the effectiveness of some of
the solutions through practical optimisation data and wind tunnel simulations. Future research should
further collect more data and test under multiple conditions to verify the feasibility and
generalisability of the results.

Overall, this study provides an important theoretical and practical basis for the aerodynamic
optimisation of electric vehicles. By considering various factors such as air resistance, vehicle weight,
handling and stability, future research and design can further enhance the range performance and
overall driving experience of electric vehicles.
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