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DESCRIPTION

Aerodynamic optimization of electric vehicles focuses on
reducing the resistance encountered by a vehicle as it moves
through air, thereby improving energy efficiency, extending
driving range and enhancing overall performance stability. In
mobility behavior
significantly larger role compared to traditional combustion

electric systems, aerodynamic plays a
vehicles because energy storage in batteries is limited and every
reduction in energy consumption directly translates into
increased operational distance. The external shape of an electric
vehicle determines how air flows around it and even minor
modifications in surface geometry can produce measurable
differences in drag forces. Engineers analyze airflow behavior
using computational fluid dynamics simulations and wind
tunnel experiments to refine vehicle profiles, underbody
structures, wheel designs and surface transitions. The objective is
to minimize turbulence generation and maintain smooth airflow
attachment over the vehicle body for as long as possible before

separation occurs.

A major aspect of aerodynamic development involves reducing
the coefficient of drag, which quantifies resistance caused by air
movement relative to the vehicle. Electric vehicles benefit from
elongated rooflines, smooth underbodies and enclosed wheel
designs that limit airflow disruption. The absence of large
engine cooling requirements, compared to internal combustion
vehicles, allows designers more flexibility in shaping front-end
geometry. This enables the creation of more streamlined profiles
that reduce pressure differences between the front and rear
sections of the vehicle. However, designers must still consider
cooling needs for battery packs, power electronics and motor
assemblies, which require controlled airflow pathways without
significantly increasing drag levels.

Underbody airflow management is another critical area of
aerodynamic refinement. Traditional vehicles often have uneven
undercarriages due to exhaust systems, transmission components
and fuel tanks, which increase turbulence. Electric vehicles, by

contrast, typically feature flatter underbodies, allowing air to
pass more smoothly beneath the chassis. Additional components
such as aerodynamic shields and diffusers are used to guide
airflow toward the rear of the vehicle in a controlled manner,
reducing wake formation and pressure drag. The interaction
between the underbody airflow and rear diffuser geometry has a
strong influence on vehicle stability at higher speeds.

Wheel and
aerodynamic performance. Rotating wheels generate localized
turbulence that increases drag. To address this, engineers often
design wheel covers or specialized spoke structures that reduce

tire design also contributes significantly to

air disturbance. Tire sidewall shapes and tread patterns are also
evaluated for their interaction with airflow. In some -cases,
partial wheel fairings are introduced to guide air around rotating
surfaces more efficiently. These modifications must balance
aerodynamic benefits with cooling requirements for braking
systems and mechanical durability under various driving
conditions.

Rearend design is another important factor in aerodynamic
efficiency. The wake region behind a vehicle is a major source of
drag due to low-pressure zones that form as air separates from
the body. Electric vehicles often incorporate tapered rear
sections, integrated spoilers and subtle diffuser elements to
reduce wake size and stabilize airflow detachment. Hatchback
and sedan configurations are optimized differently, with sedans
typically achieving lower drag coefficients due to smoother rear
tapering. The design of rear lights, bumpers and trunk edges is
also adjusted to minimize airflow disruption while maintaining
functional and aesthetic requirements.

CONCLUSION

The evolution of aerodynamic optimization in electric vehicles
continues to progress alongside advancements in materials,
computational methods and manufacturing techniques.
Lightweight composite materials allow more flexible shaping of
vehicle surfaces, while additive manufacturing enables complex
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geometric structures that were previously difficult to produce.
These developments contribute to more refined control over
airflow behavior and vehicle efficiency. As electric mobility
expands across global markets, aerodynamic engineering remains
a significant area of focus for improving operational efficiency,
stability and overall vehicle performance characteristics within

J Appl Mech Eng, Vol.15 Iss.1 No:1000539

OPEN a ACCESS Freely available online

diverse driving environments. Energy consumption in electric
vehicles is directly influenced by aerodynamic efficiency,
especially at higher speeds where air resistance increases
exponentially. Even small reductions in drag can produce
noticeable improvements in driving range.
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