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Abstract. To many of us, FORMULA ONE (F1) racing is an expensive sport that requires high-
level entry requirements. However, compared to its value for entertainment purposes, the
significance of its technological contribution to transportation in all different areas is enormous.
This study focuses on understanding the physics and implementation behind aerodynamic
designs in modern F1 racing cars. For this purpose, this research is conducted by analyzing the
structure of the individual parts and their integrated effects on F1 aerodynamic performance. The
result revealed that generating appropriate vortices around the boundary flows and guiding the
airflow in an optimized direction can boost the performance of F1 cars. This study emphasizes
the importance of utilizing airflow control for maximum maneuverability and might benefit
many transportation-related industries.
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1. Introduction

FORMULA ONE originated in Europe in the 1920s. It is now one of the most technology-driven sports.
The development of F1 radiates to all other industries for its incredible innovation in engines, tires,
materials, and aerodynamic designs. This study aims to understand the physics and implementation of
F1 cars’ aerodynamic designs. A modern F1 racing car can accelerate from 0 to 60 in 2.6 seconds with
a top of 230 mph [1]. The take-off speed of a Boeing 737 is around 150-180 mph [2]. Therefore, creating
sufficient downforce, maximum stability and speed are the three primary considerations when designing
an F1 racing car. The main parts that will analyze in this study are the front wing, rare wing, diffuser,
bargeboards, and S-Duct. Understanding how these components complement each other can inspire
other industries like high-speed trains and aeromobil.

2. General purposes of F1 parts related to aerodynamic performance

2.1. Creating downforce

Downforce is one of the most critical parameters for an F1 open-wheel racing car, along with power,
weight, and tires [3]. The rare wing is the main part that creates the most downforce where the air near
the bottom surface of the wing flow must faster than that on the top surface. The nonsymmetrical airfoil
in the rare wing is similar to what is shown in Figure 1, where the end tip is tilted up at an angle.
According to Bernoulli's effect and equation (1), the faster the velocity of the flow, the lower the pressure
[4]. Therefore, due to the flow velocity difference between the top and bottom surface, the air pressure
on the top surface is larger than that on the bottom, which creates downforce. Moreover, the end tip of
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the airfoil is tilted upward. According to Newton's Third Law, there is an equal and opposite force
exerted back for every force exerted on an object. This law is also applied to tilting in the airfoil, in
which the tilting part pushes the air upwards, and therefore the air pushes the airfoil downwards.

Air Pressure
Upwards
-

(High Pressure Area)
Slower Airflow

Faster Airflow
(Low Pressure Area)

Figure 1. Basic Model of Airfoil in F1’s Rare Wing.

P+ ész = Constant (1)

2.2. Creating vortices

Turbulence is the main factor that decreases the instability of F1 cars. One of the main sources is the
low-pressure area created by the car in front of another, which is also called the "dirty air" [5]. The other
source comes from the airflow velocity relative to the car's surface; and the airfoils' angle of attack.
When the airflow velocity is too high or the angle of attack exceeds the critical number, the molecular
force between the air molecules can no longer hold the airflow attached to the surface. In this situation,
the airflow is separated, as shown in Figure 2. Between the boundary layer and the separated layer,
turbulence is created. And this turbulence would decrease the stability and downforce of the car. In order
to eliminate this turbulence, vortices can be used to drag the boundary layer and the separated flow
together, as shown in Figure 3 [6].
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Figure 3. Vortex Implantation in the Separated Airflow.
3. Individual parts analysis

3.1. Front wing

The two main purposes of the front wings are creating downforce in the frontal axis and vortices to
direct the airflow. Since the front wing is the first part that makes contact with the airfoil, it becomes
crucial for shaping the airflow intacts with other parts of the aecrodynamic design [7]. The front wing
produces about 40 percent of the downforce for the car. As shown in FIG 4, the front wing contains
multiple profiles. Both main planes and spoilers serve the purpose of creating downforce as their shapes
are similar to the airfoil discussed in the previous section. They also force the airflow upwards to go
onto the car's surface, also called an upwash. The spoilers' edges, close to the center of the car, is shown
in FIG 5. Due to the pressure difference between the top and bottom planes, the wing tip effects create
circulations; therefore, by carefully constructing the angles, they create vortices. With multiple tipped
edges, the vortices add up and become more energetic. These vortices drag the upwash symmetrically
close to the surface of the car. The endplates on the sides of the front wing are responsible for diverting
the airflow away from the front wheels to reduce the turbulence created by the opened spinning wheels.
The thermal camera monitors the temperature of the front tires, and the incidence modifier allows drivers
to adjust car's understeer and oversteer levels. The effect diagram is shown in FIG 6, where one can see
that it shapes the airflow to a wanted situation as mentioned earlier.
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Figure 4. Components of F1 Front Wing [7].
Figure 5. Edges of the spoilers to the center [7].
__,d':..-_---— ------- "---—---____ B 3

‘::-.----..--:“, G? [9 @ (9, °7 "--.-.---....._

- - &) Q (—b

la Y el T
e dd ==z = Nl - .
e -..__..- " ¥ ‘o"
P L V] D bl £
movmma, * S L 'S
P =~ )
\\:.s:- \J o @ --(f‘ (€ LQ,

3 il L L L 1 T,
-
-
-
S LT LT ——

Figure 6. The Effect of the Front Wing.
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3.2. Rare wing
The rare wing locates at the rare end of the car and is composed of 5 parts, including the main plane, a
flap, two endplates, two middle trims, and two bottom trims, which are shown in number order in FIG
7. This construction provides up to 20 percent of the total downforce generated by the car [7]. The main
function of this part is to counterbalance the downforce produced by the front wing [8]. The main plane
and flap contribute the most to creating the needed downforce. However, without the other components,
it creates drag on the car. The model of the single plane system is shown in FIG 8. Without other
components, the edges of the main plane and flap generate vortices due to the wingtip effect. The
vortices circulate towards the outside of the car. This turns some of the backward airflow energy into
sideway spiral energy. And according to Newton's Third Law, if some force slows down the speed of
airflow, there would be an opposite force slowing the car down, which is the drag. In order to eliminate
this drag, the endplates were designed. There are two designs in the endplates, louvers and a cutout. The
louvers are the set of opened cuts where the number 3 left arrow indicates, and the "cutout" is what the
right arrow indicates. The louvers allow air to flow from the high-pressure area, which is the main plane
and the flap, to the low-pressure area to the side of the car. This reduces the pressure difference between
two areas and the vortices' strength. Now, both sides of the endplates experience high-pressure airflows.
Therefore, both airflows generate a vortex at the "cutout" in different directions and cancel out with each
other, not totally, but significantly.

Figure 7. Components of Rare Wing [8]
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Figure 8. Airflow Model of Single Plane System.

3.3. Diffuser

Beneath the chassis, the ground clearance of F1 is about 75 millimeters [9]. Due to such a narrow
clearance, the airflow beneath the underfloor is extremely fast. And according to Bernoulli’s effect, the
underfloor area becomes an extremely low-pressure area as the car speeds up. Therefore, the high-
pressure area on the top of the car pushes the car's body down with tons of downforce. The diffuser is
located beneath the rare wing at the rare end of the car. It can be treated as the airflow exit under the car
floor. The diffuser, shown in FIG 9, has multiple vertical strakes on it to guide the airflow to exit the
underfloor with no separation of flow [9]. Guiding the airflow exit the underfloor is a crucial factor
affecting the car's stability, especially when turning rapidly. Without this part, the airflow existing would
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generate strong turbulence in a relatively random direction and make the car less stable at a high-speed
maneuver.

Figure 9. Structure of a Diffuser [9].

3.4. Bargeboard

The bargeboard is located between the front wheels and the side of the chassis, as shown in FIG 10.
They are in smoothly curved shapes and placed on both sides of the car. They serve three main functions
for an F1 car. First, a bargeboard smoothly directs the vortices generated by the front wing to keep the
messy tire wakes away from the airflow. Secondly, it clears and directs the airflow to the engine’s air
intake for cooling purposes. Lastly, it generates an airflow that “seals” the underfloor of the car, keeping
the airflow beneath the underfloor from “escaping”.

ﬁ__\/_a BARGE BOARD

Figure 10. Barge Board Placement [10].

3.5. S-Duct

S-Duct is an S-shaped tunnel that's been built in the nose of an F1 car as shown in FIG 11. When airflow
encounters the nose of the car, some portion flows to the top of the car, and the other flows to the
underside of the car. For the upwash, the high-speed airflow and the nose's shape can cause airflow
separation. And for the downwash, air pressure can build up in the lower nose area. Therefore, having
an S-Duct opening from the bottom of the nose can release some of the built-up pressure and direct this
pressured airflow into the S-shaped tunnel [11]. When the pressure airflow exits from the top, it helps
with sucking the separate flow close to the boundary layer close to car's surface, and therefore, having
more intact airflow.
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Figure 11. The S-Duct Diagram.
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4. Conclusion

This study aims to understand the implementation of aerodynamic designs in FORMULA ONE racing
cars. The research is conducted by analyzing the major aerodynamic-related parts in F1. This paper
analyzed five main parts, including the front wing that provides downforce for the frontal axis and
vortices generation; the rare wing that counterbalances the frontal downforce; the diffuser that guides
the underfloor airflow exit smoothly; the bargeboards to shape the airflow closer to the car’s body; and
the S-duct which releases the frontal pressure build-up. This study focuses more on the general physical
characteristics, in aerodynamics, of F1 racing cars, rather than mathematical details. Hopefully,
understanding how these aerodynamic components innovate motorsports can also inspire other related
industries.
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