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Abstract--- The sport of Formula 1 (F1) has been a proving ground for race fanatics and engineers for more
than half a century. With every driver wanting to go faster and beat the previous best time, research and innovation
in engineering of the car is really essential. Although higher speeds are the main criterion for determining the
Formula 1 car’s aerodynamic setup, post the San Marino Grand Prix of 1994, the engineering research and
development has also targeted for driver’s safety. The governing body of Formula 1, i.e. Fédération Internationale
de I'Automobile (FIA) has made significant rule changes since this time, primarily targeting car safety and speed.
Aerodynamic performance of a F1 car is currently one of the vital aspects of performance gain, as marginal gains
are obtained due to engine and mechanical changes to the car. Thus, it has become the key to success in this sport,
resulting in teams spending millions of dollars on research and development in this sector each year. Although F1

car aerodynamics is at a highly advanced stage, there is always potential for further development.

Keywords--- Test Aerodynamics, Airflow, CFD Analysis.

I. INTRODUCTION

The sport of Formula 1 (F1) has been a proving ground for race fanatics and engineers for more than half a
century. With every driver wanting to go faster and beat the previous best time, research and innovation in the
engineering of the car are really essential. Due to the marginal gains that can be obtained by engine and mechanical
changes to the car, aerodynamics of a F1 car has become one of the major aspects of performance gain. Thus, it is a
key element to success in the sport, resulting in teams spending millions of dollars on research and development in
this area every year. A Formula 1 car is an open-wheeled rear-wheel drive vehicle, the design of which is regulated

and governed by strict set of rules. According to Willem Toet (Toet, 2013), the key attributes of a current F1 car are:

1. A top speed of up to 350kph (217.5mph), depending on the circuit.

2. Acceleration of 2.6 secs for speed range of 0 — 100kph (0 — 62.14mph).
3. Deceleration from 200 — Okph (124.27 — Omph) in about 2.0 secs.

4. Loads of > 5g in braking (longitudinal acceleration) and > 4g.

5. No movable aerodynamic components of bodywork, except F1 body regulated DRS system.
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The cars are optimized for each and every circuit, starting from a base design at the start of the season. The base
design changes every year in order to comply with the new sets of rules and regulations imposed. The rate of
evolution of the car over a season is so high, that the end of the season car is normally a full second faster than the

base design at the start of the season.

History of Development of Aerodynamics in Formula 1

First Formula 1 car designed in 1950. (Hanlon, 2010)

The first Formula 1 championship season started in the year 1950. The era from 1950-1957 mainly comprised of
front-engine, front-wheel drive cars, with absolutely no aerodynamics involved. As there were no strict rules about
designing the car (mainly the dimensioning of the car), there was a lot of freedom for designers to come up with
innovative designs. Through the seasons, the cars’ height started becoming lower (to seek advantages of low center
of gravity), radiators and air intakes became bigger to increase engine power and efficiency, wheels became smaller
and wider to provide more stability and grip, engines started moving towards the rear, and so on, all in order to go

faster.

Front Wings

The front wing is considered to be, aerodynamically, the most efficient and the most important device on the F1
car, as it is the first component of the bodywork to come in contact with the undisturbed air. It is primarily
responsible for generating downforce to aid high cornering speeds. The wings are inverted (in comparison to
aircraft), with the suction side of the airfoil towards the ground, in close proximity to it. This is done to take
advantage of ground effect, which are discussed in detail in Section 2.2. The design of the front wing is mainly
dictated by the flow field required by the rest of the car. It might be required to sacrifice some downforce at the front

wing to improve the overall aerodynamic balance and performance of the car.

Downforce

The length and, to some extent, the design of the front wing is governed by the rules stated by the FIA.

Currently, the front wing span is fixed at

doesn’t contribute to the downforce (Toet, 2013). The modified splitter plates that structurally connect the body
with the wing are used to channelize the flow underneath the floor. As seen in the figure, there are multiple flaps,
guide vanes and specially crafted endplates on the front wing. The main purpose of the flaps is to increase the
downforce levels. The slots and guide vanes are used to divert the airflow, either towards the radiators and

underneath the bodywork

or around the tires. The performance of the front wing is also dependent on the presence of the front wheels.
Agathangelou & Gascoyne (Agathangelou & Gascoyne, 1998) stated that as the wheel rotates at high velocities, a
high-pressure zone forms in region upstream of the tire contact patch, due to the jetting effect. It was a result of
interaction between the contact patch of the tire and the airstream incident on it. The airflow squeezes out from

either sides of the wheel, thus creating
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jet vortices that reduce the effectiveness of the front wing. Jasinski & Selig (1998) made a similar observation.
Hence, the endplates and guide vanes on modern F1 cars are designed in such a way that they divert the flow away
from the tires. Endplates also help control the wingtip effects associated with finite spans. This also helps in

increasing the downforce at wing tips

(Dominy, 1992). The wake generated from the front wings influences the airflow over rest of the body, in
particular towards the radiators, thus influencing the cooling performance of the car. The greater the incidence of the

airfoil, the greater is the influence of its wake on the cooling flow

(Dominy, 1992). Thus, the design of the front wing is based on downforce requirements at the front and airflow
to different components of the car. Jasinski & Selig (1998) identified crucial factors affecting the design of the front
wing. It was noted that a flap deflection of 100 improved the CL by 0.5, with no significant change in drag
coefficient. Theadded area due to the use of flap also aided to the increment of the lift coefficient of the wing, due to
increase in aerodynamic loading. The authors also stated that increase in endplate planform improves overall lift

coefficient of the wing and also aids in reduction of drag coefficient.

Rear Wings

While the front wing is considered to be the most efficient component of the F1 car, the rear wing, on the
contrary, is highly inefficient. The airflow over the rear wing is very complex, as it is exposed to unsteady,
turbulent flows arising from the front wing, wheels, cockpit, radiators, air intake, exhaust and other numerous other
upstream influences. Due to these turbulent flows, the performance of the rear wing is significantly reduced.
Aerodynamic stability of the car is important for peak performance of the car as well as driver’s safety. To maintain
the aerodynamic balance, the rear wing is required to produce almost similar, if not more, levels of downforce. Huge
oversteer occurs for the car while negotiating a turn, if the location of center of gravity is aft of that of the
aerodynamic center of pressure along the car’s length. Therefore, to generate large amount of downforce from the
rear wing exposed to 18 turbulent air the flaps are deflected to very high angles. Such high values of camber,
however, results in significant increase in drag. As seen from, the rear wing contributes 28% of the total drag. Thus,

the design of rear wing becomes a tradeoff study between management of

lift and drag values. Optimum balance being dependent on the lift coefficients of the wings, therefore, becomes a

function of the track.

Direction of travel

W2+ L, /l"w"2 Ly
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Even with such high drag penalty, rear wing is a very importantcomponent of the F1 car. Generally, it is
structurally stronger as compared to front wing. No changes are made to the rear wing once the setup is complete.
The aerodynamic balance is changed by changing the ncidence of the front wing. Loss of the rear wing during a

collision can create loss up to 40 %
of the total downforce (Toet, 2013), and render the car un-drivable. Loss of front wing can be
fixed by changing the nose section, which can be replaced in less than 10 secs. A typical rear
wing for a present day F1 car is shown in

Ground Effect Aerodynamics

Ground effect aerodynamics is basically generation of downforce by maintaining low clearances between the
underside of the car and the track. The air flowing beneath the car accelerates as it channels under the nose of the F1
car towards the floor of the car. At the same time, as the freestream velocity over the car is slower when compared
the bottom, it creates a pressure differential. This results in generation of downforce. Dominy (Dominy, 1992) states
that the undertray of the F1 car is situated little behind the nose, as the designers need to push the low pressure zone
to as rearward position as possible. A separation bubble is formed at the leading edge of the undertray, where the
flow seperates due to it’s sharp edge and forms underneath it. With the area of entry reduced even further, the
airflow gains more acceleration. Addition of diffuser behind the undertray creates a further low pressure zone
around the transition point between the undertray and the diffuser. The generation of a low pressure zone helps in
drawing out the accelerating airflow beneath the car. As shown in Fig 2.1, the floor and diffuser combination
provides for 55% of the total contribution. Ground effect also help increase the effective downforce generated by the
wings in close proximity to the ground. Investigations conducted by Zerihan and Zhang (Zerihan & Zhang, 2000)
and Ranzenbach and Barlow (Ranzenbach & Barlow, 1996) found out that under the influence of ground effects the

downforce on a single element increased up to a certain maximum.

CATIA

Catia is a multi-platform software suite for computer- aided design (CAD), computer —aided manufacturing
(CAM), computer —aided engineering (CAE), PLM and 3D,developed by the French company Dassault systems.
Catia offers a solution to shape design, styling, surfacing workflow and visualization to create, modify and validate
complex innovative shapes from industrial design to class-A surfacing with the ICEM surfacing technologies.
CATIA supports multiple stages of product design whether started from scratch or from 2D sketches. Sketcher to
create basic shape of heat exchanger. Part Modelling - TO Develop a 3D model from basic sketch Assembly Design

TO assembly the heat exchangers

ANSYS

Fluent software contains the broad, physical modelling capabilities needed to model flow, turbulence, heat
transfer and reactions for industrial applications. These range from air flow over an aircraft wing to combustion in a
furnace, from bubble columns to oil platforms, from blood flow to semiconductor manufacturing and from clean

room design to wastewater treatment plants.
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Fluent spans an expansive range, including special models, with capabilities to model in-cylinder combustion,
aero-acoustics, turbomachinery and multiphase systems. Fluent also offers highly scalable, high-performance
computing (HPC) to help solve complex, large-model computational fluid dynamics (CFD) simulations quickly and

cost-effectively.

Ansys, Inc.is a public company based in Canonsburg, Pennsylvania. It develops and markets engineering
simulation software. Ansys software is used to design products and semiconductors, as well as to create simulations
that test a product&#39;s durability, temperature distribution, fluid movements, and electromagnetic properties.
Ansys develops and markets Finite Element Analysis software used to simulate engineering problems. The software
creates simulated computer models of structures, electronics, or machine components to simulate strength,
toughness, elasticity, temperature distribution, electromagnetism, fluid flow, and other attributes. Ansys is used to
determine how a product will function with different specifications, without building test products or conducting
crash tests. For example, Ansys software may simulate how a bridge will hold up after years of traffic, how to best
process salmon in a cannery to reduce waste, or how to design a slide that uses less material without sacrificing
safety. Most Ansys simulations are performed using the Ansys Workbench software, which is one of the compans

main products.

Il. SUMMARY AND RESULTS
i. The objective of this study was to develop a methodology to create plots depicting the sensitivity of lap times

performed by a F1 car around a particular track to the aerodynamic coefficients of the front and rear wings.

ii. After providing a historical background of the sport of Formula 1 and developments in the field of race
aerodynamics in this sport, a literature review was conducted to develop a focus area for this research study.

iii. An introduction was provided for the genetic algorithm (CMA-ES) used for optimization of key variables.
Also, AeroLap, which is a lap simulation tool used for simulating an actual F1 race, was presented and the key
components being used for the study were briefly described.

iv. Malaysian F1 GP track was selected for the study, as this track is a perfect mix of long straights that require
drag reduction as main design philosophy, and fast corners that require high levels of downforce.

v. The track boundaries and centerline were established using a geo-mapping tool called ArcGIS. With X and Y
coordinates for the data points collected being established, the radius of curvature was calculated for the turns, using
Taubin’s method.

vi. An optimization using CMA-ES was performed to determine the optimal racing line used along the track. The
resulted best lap time was 1.699 seconds faster than the lap performed by an actual F1 car with similar setup.
However, the distance covered was 69 m lesser.

Assuming that the total error was due to mapping issues only, the normalized lap time with same distance as an
official lap length was found out to be 0.542 seconds quicker.

vii. It was established that the total value of aerodynamic forces can be calculated as superposition of the
aerodynamic forces generated by individual components, namely, front assembly, rear wing assembly, and body

without wings.
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viii. The base values of the aerodynamic coefficients of body without wings were established, as the front wing
and rear wing coefficients were required to be optimized with no change in aerodynamic setup of the body.

iX. Once the base values of all the required components were established, and the car setup’s variables being
locked, the optimum values of lift and drag coefficients for the front and rear wings were calculated using CMA-ES

and AeroLap
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