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Abstract:
This research examines the fundamental functions and 
prospective advancements in race car aerodynamics, which 
has evolved into a critical element influencing racing 
performance rather than just an auxiliary feature. Data 
reveals that around 40% of handling stability and 30% 
of enhancements in straight-line speed for contemporary 
Formula 1 (F1) vehicles result from aerodynamic 
improvements, with the introduction of the 1968 Lotus 49B 
(the first vehicle equipped with both front and rear wings) 
signifying its systematic implementation. Aerodynamics 
affects race cars in three main ways. It cuts drag to boost 
speed (e.g., lowering Cd from 0.5 to 0.3 raises F1’s top 
speed by ~25 km/h), creates downforce for stability 
(modern F1 has 2.5x its weight in downforce at 200 km/h), 
and optimizes airflow to save fuel.  L/D ratios differ: 3.5-5 
for F1, ~2.0 for IndyCars. Designs fit races too. Key parts 
like wings work together - seen in 2022 Red Bull RB18. 
The big challenge is balancing downforce and drag. This 
uses F1’s DRS, active systems, and combined CFD/wind 
tunnel tests.

Keywords: Aerodynamic, Formula One, CFD, Down 
Force.

1. Introduction
Since it started, motorsport has caught people’s atten-
tion around the world by trying hard to reach faster 
speeds. Whether it is Formula 1 (F1) cars going over 
370 km/h on tracks or Le Mans race cars staying 
stable at high speeds for 24 hours straight, the two 
needs of speed and stability have always driven new 
technology in this area. In this process of change, 
aerodynamics has slowly become a key factor that 
decides racing performance—instead of just a “help-
ing design part”. Statistics from a study published in 

Motorsport Engineering show that about 40% of the 
handling stability and 30% of the straight-line speed 
improvement in modern F1 cars come directly from 
better aerodynamic designs [1].
The history of aerodynamics in race cars goes back to 
the 1950s. Back then, early race cars only made their 
body shapes simpler to reduce wind resistance. The 
first time aerodynamics was used in a planned way 
was in 1968, with the Lotus 49B. This car had the 
first front and rear wings—and this important event is 
clearly discussed in a paper in Automotive Engineer-
ing [2]. Later, better wind tunnel tests and computa-
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tional fluid dynamics (CFD) changed aerodynamic design 
a lot. It stopped being based on guesswork and experi-
ence, and started being based on precise, number-based 
improvements. Today, top motorsport teams spend over 
€10 million every year on aerodynamic research. Impor-
tantly, if the lift-to-drag ratio (L/D) gets better by just 0.01, 
it can make a car finish one lap 0.3 seconds faster [3].
This research adds to what we already know by clearly 
explaining how aerodynamics can make racing cars per-
form better. It provides useful ideas for car design. It also 
addresses some major engineering issues, such as the 
natural balance between downforce and wind resistance, 
and the need to design cars suitable for different racing 
conditions. The main research goals are threefold: first, to 
measure the relationship between aerodynamic parameters 
(such as lift or drag) and key car performance (such as 
speed or stability); second, to explain the design logic and 
the working principle of key aerodynamic components; 
third, to propose better design methods to meet the dif-
ferent needs of racing cars. Ultimately, racing technology 
will be developed in a sustainable way.

2. The Role of Aerodynamics in Race 
Cars
Aerodynamics affects race car performance in three main 
ways: speed, stability, and fuel efficiency. These three are 
linked but also limit each other. For speed, good aerody-
namic design cuts down air resistance (drag) to make the 
car go faster in straight lines. When a car goes over 200 
km/h, air resistance makes up more than 75% of all the 
resistance stopping it. Tests from the University of Stutt-
gart, published in Journal of Fluids Engineering, show 
that if you make the body more streamlined to lower the 
drag coefficient (Cd) from 0.5 to 0.3, the car’s top speed 
in straight lines can go up by about 25 km/h [4].
For stability, aerodynamics creates downforce. The down-
ward of the car was enhanced by the force, and in this 
way it can increase the tire’s grip and preventing the car 
from sliding in high-speed turns. Measurements in the 
“Journal of Fluid Engineering” show that modern F1 rac-
ing cars can generate a downforce equivalent to 2.5 times 
their own weight at a speed of 200 kilometers per hour. 
Measurements in Journal of Fluids Engineering show that 
modern F1 cars can create downforce that’s 2.5 times their 
own weight when going 200 km/h—enough to let the car 
drive upside down in theory [5]. Data published in the 
“Motorsport Engineering” magazine for the Le Mans race 
shows that a good aerodynamic design can reduce fuel 
consumption by 1.2 liters per 100 kilometers. In 24 hours, 
approximately 28 liters are saved, allowing the car to trav-

el 100 miles ,which makes the car go farther [6].
There are four key aerodynamic parameters for race cars, 
lift, drag, downforce and lift-to-drag ratio (L/D). Studies 
in Motorsport Engineering indicated that F1 cars usual-
ly have an L/D ratio between 3.5 and 5, while IndyCars 
(which focus on straight-line speed) have a ratio of about 
2.0 [7].
Different types of race cars have different aerodynamic 
designs because of rules and race needs. F1 cars are made 
for races with many turns and short distances. They have 
front wings with many parts that create about 40% of the 
total downforce, and rear wings with a steep angle to stay 
stable [8]. Le Mans cars need to balance high straight-
line speed and long-distance races. The angle of their rear 
wings is about one-third that of F1 cars. They also use 
better diffusers to keep downforce instead of using more 
fuel. Based on regular production cars, GT3 have smaller 
front wings and rear wings that can be adjusted to follow 
rules and work on different tracks as shown in FIG. 1[9].

FIG. 1 Automotive aerodynamic simulation 
[9]

3. Aerodynamic Parts and How to Im-
prove Them
Race car aerodynamic parts are made to manage airflow 
and control pressure. The main parts are front wings, rear 
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wings, body structures, air intakes, and cooling systems. 
All these parts work together to get as much downforce as 
possible while keeping drag low.
The front wing is the first part that handles airflow. It 
splits airflow into two parts: one over the car and one un-
der it. It also creates downforce with its shape. There are 
4 to 5 parts with different angles and curves to control air-
flow exactly in the modern F1. The inner parts of the wing 
guide airflow under the car to make the ground effect 
stronger. The outer parts stop turbulent air from getting 
into the wheel wells. CFD simulations in International 
Journal of Vehicle Design prove this design works [10]. 
The endplates (the parts on the sides of the front wing) 
stop air from leaking out the sides. Small parts called 
“turning vanes” on the endplates reduce drag from the 
tires. Better front wing design also cuts down on front-end 
shaking, making the car more stable at high speeds and 
more comfortable for the driver [11].
The rear wing is the main part that creates downforce. It 
affects how stable the car is at high speeds, depending on 
its main part and the smaller flap. Changing the wing’s 
angle changes the downforce— a steeper angle means 
more downforce but also more drag. F1 rear wings can be 
adjusted between 5° and 15°. For Monaco’s tight turns, 
the angle is 12° (which makes downforce 30% higher). 
For Monza’s long straight lines, the angle is 6° (which 
cuts drag by 25%) [1]. Some cars, like the Porsche 911 
GT3 RS, have rear wings that move on their own. They 
flatten out on straight lines and fold down when braking 
or turning. A paper in Automotive Innovation says this 
design works well for different situations [12]. Modern 
rear wings use Y-shaped or streamlined supports instead 
of straight ones—these cuts drag by 15% [13]
The car body needs to balance less drag and stronger 
ground effect. The body is shaped like a teardrop. And 
it can stop air from separating and creating turbulence 
because of its shape. The bottom of the car is flat, and it 
works with the rear diffuser to create a Venturi effect. This 
effect speeds up the air under the car and low the pressure. 
The T-wing added about 5% more downforce. And in this 
way, it can help the car stay stable in high-speed turns. 
Parts called “sidepod turning vanes” guide air around the 
wheels to reduce turbulence. Side skirts (the parts along 
the bottom of the car’s sides) stop air from getting under 
the car from the sides, keeping the low pressure under the 
car [14] Air intakes and cooling systems need to balance 
cooling and less drag. The engine and brakes need cool 
air, but big air intakes create more drag. F1 cars have a 
“shark fin” air intake behind the driver. Its shape and in-
side channels guide cool air to the engine efficiently. This 
makes cooling 20% better, but only adds 5% more drag 
[15]

The vent for discharging hot air is placed in such a po-
sition that the air flows with the wind and prevents the 
formation of turbulent air. Studies in Vehicle System Dy-
namics explain this [16]
A good example is the 2022 Red Bull RB18 F1 car. It 
got better aerodynamics by adding small serrations to the 
front wing endplates and a T-wing (a small wing on top of 
the rear wing).  The T-wing added about 5% more down-
force. And in this way, it can help the car stay stable in 
high-speed turns. The serrated endplates stopped air from 
leak in. Thus, it makes the front wing 8% more efficient. 
These changes helped the car win 17 races that season 
[17].

4. The Trade-off Between Aerodynamic 
Efficiency and Downforce
The biggest problem in race car aerodynamics is the 
trade-off between downforce and drag. In order to get 
more downforce, you might make the wing angle steeper 
or add more parts. But this makes air separate more, in-
creasing drag and lowering efficiency (measured by the 
L/D ratio) [18]. This also affects the driver’s comfort. To 
handle more downforce, the car’s structure needs to be 
stiffer, usually using strong carbon fiber parts. But a stiffer 
structure means the car doesn’t absorb bumps in the road 
as well. It will make the driver more tired and make the 
car undrivable [19]. Different tracks need different bal-
ances between downforce and efficiency. Monaco’s street 
track is 3.337 km long and has 12 slow turns (under 100 
km/h). Here, the car needs lots of downforce to stop the 
tires from sliding—without enough downforce, turning 
speed could drop by 15% to 20% [20]. Monza’s track is 
5.793 km long and has four long straight lines (where cars 
go over 350 km/h). Here, drag is more important than 
downforce—too much drag could lower top speed by 20 
to 30 km/h [21] (Monza Technical Team, 2022, Journal 
of Automotive Engineering). The best L/D ratios are very 
different: about 4.5 for Monaco (lots of downforce) and 2.8 
for Monza (little drag) [22].
There are three main ways to fix this trade-off. First, ad-
justable aerodynamic parts. These let teams or drivers 
change the angle for different tracks. F1’s Drag Reduction 
System (DRS) flattens the rear wing’s flap on straight 
lines. This cuts drag by 18% and makes the car 15 km/h 
faster, then resets for turns [23]. GT cars have front wings 
with multiple positions—drivers can adjust them to fit the 
track [24].
Second, active aerodynamic systems. These use sensors 
and computers to adjust parts in real time. The Porsche 
918 Spyder has an active rear wing and front diffuser. 
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They adjust based on speed, braking, and steering. When 
the car goes over 120 km/h, the wing flattens. When 
braking, the wing acts as an air brake. When turning, the 
diffuser lowers. This makes the L/D ratio 12% better in all 
situations [25].
Third, using CFD and wind tunnel tests together. This lets 
teams balance downforce and drag precisely. Modern de-
signs use CFD with over 100 million virtual “cells” to find 
designs with low drag and high downforce. Then they test 
these designs in wind tunnels (with wind speeds over 300 
km/h and force measurement accuracy of 0.1 N) to make 
sure they work. This keeps errors in the L/D ratio under 
5% [26]. Ferrari’s F1 team does over 2000 hours of wind 
tunnel tests every year and uses more than 1 million hours 
of CFD calculations—all focused on balancing downforce 
and drag [27].
Real examples show how this works for different tracks. 
For Monaco, F1 cars use rear wings at 12°, front wings 
with many parts, and closed diffusers. This increases 
downforce by 35% (with a Cd of 0.8) [28]. For Monza, 
cars use rear wings at 6°, simpler front wings, and open 
diffusers. This cuts drag to a Cd of 0.5 and lowers down-
force by 25% [29]. Tire choice also matches these setups: 
softer tires for Monaco (more grip) and harder tires for 
Monza (last longer at high speeds) [30].

5. Conclusion
This study explains clearly what role aerodynamics plays 
in motorsport. It draws three main conclusions. First, 
aerodynamics is key to race car performance. It cuts drag 
for speed, creates downforce for stability, and optimizes 
airflow for fuel efficiency - all of which affect how well a 
car races. Second, parts like front wings, rear wings, and 
diffusers follow rules for managing airflow and pressure. 
They need to work together to be as efficient as possible. 
Third, the trade-off between downforce and drag is the 
biggest design problem. It can be fixed with adjustable 
parts, active systems, and combining CFD and wind tun-
nel tests—all tailored to different tracks.
Race car aerodynamics has changed a lot. It used to be 
based on guesswork and static designs, but now it’s based 
on data and dynamic adjustments. New technologies like 
AI design help and real-time airflow sensors have made 
optimizations more precise and faster. For example, AI 
can now design wing shapes in 24 hours—something that 
used to take a week. This makes the L/D ratio 30% better. 
Race car aerodynamics will develop in two main ways: 
better technology and more sustainable designs.
First, combining CFD and AI more closely. This will 
change aerodynamic design from just improving existing 
ideas to predicting good designs. Deep learning and rein-

forcement learning (types of AI) will use past track and 
airflow data to create aerodynamic designs for specific 
tracks on their own. Small sensors on the car will analyze 
airflow in real time, letting active parts adjust in millisec-
onds. Digital twin technology (virtual copies of the car, 
airflow, and track) will let teams do tens of thousands of 
tests virtually. This will cut costs and time for develop-
ment.
Second, sustainable racing brings new aerodynamic chal-
lenges. Electric and hydrogen race cars need different 
aerodynamic designs. Electric cars need new air intakes 
and cooling systems for their batteries. Batteries need 
twice as much cooling area as traditional engines. So de-
signs need to guide air efficiently without adding drag or 
messing up airflow around the car. Hydrogen cars have 
fuel tanks on the sides or rear, which changes the car’s 
weight balance. This means diffusers and rear wings need 
to be re-designed to keep downforce. Sustainable racing 
also needs better efficiency. For electric cars, every 0.01 
drop in the Cd can make the car go 5 km farther.
Future research should focus on three things: making 
aerodynamics work for sustainable engines, creating spe-
cial parts for electric and hydrogen race cars, and improv-
ing how AI and CFD work together for motorsport. This 
will help motorsport become greener and more efficient.
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