EE Reflection appended to the end. Make sure you do
them properly (worth a lot of marks)

If u have any questions, send them to:
jpdragic@stud.ntnu.no
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1 Introduction

Formula One (Also known as F1 or Formula 1) is a motorsport with teams that push the
boundaries of automotive engineering further than any other motorsport. With cars that
weight around 700kg and travel at speeds up to 375km/h, a challenge to the F1 racing
teams to engineer their vehicles so that they're able to maintain the high speed for as long
as possible to outrace their opponents on racetracks with sharp and frequent turns. One of

the ways they solve this problem is by further optimizing the aerodynamics of their cars

with efficiency and downforce in mind. One of the most important aerodynamic surfaces

used on the vehicles are the aerofoil shaped rear wings (See figure 1 and 1.1).

Figure 1 (left) and 1.1 (up): Close-up of the rear
wing of Ferrari’s new SF71H Formula One vehicle
(Petric, 2018)

They serve the purpose of providing large amounts of downforce, enabling the vehicles to
make aggressive turns at relatively high speeds. The scope of this essay is to investigate the
optimization of F1 rear wings, with respect to their angle of attack relative to the car and

downforce produced. With the research question:



"To what extent does a change in the angle of attack of an aero-foil shaped rear wing

affect the magnitude of downforce produced”

This essay seeks to answer this question experimentally, using wood carved wings and a

wind tunnel made in-house.

1.1 Personal engagement

[ have long had an interest in the aerospace industry and seek to pursue a field of work in
that area. This, coupled with an interest in the Formula One motorsport lead to that the
field of study for my Extended Essay would be something involving fluid mechanics. The
choice of studying rear wings, as opposed to front-wings or bodywork, is that the rear wing

is much less complex, making it easier to experimentally test.

2 Background

2.1 The Coefficient of lift

The premise of this paper is to determine the optimal angle of attack relative to the
direction of airflow with respect to the dimensionless coefficients of lift. To find it,

derivations of the formulas given by Merle C. Potter must be done:



1

FL = EPAVZCL
2F,
CL= pAV?

Where F; is the force of lift, p is the fluid density of the fluid, V is the airspeed, A is the
surface area, in this case, since the focus is on aerofoils, 4 is the distance from the nose to
the trailing edge (chord length) times the width (Potter, 2009). However, since the study of
fluid dynamics is complex by nature, we must be in possession of in-depth knowledge
about the fluid in study. An important reason for this is so that an as accurate model as

possible can be deducted from our experiment.

2.2 Reynolds Number

An important characteristic of the fluid in study, in this case, air, is whether the flow of air
that hits the wing is laminar, meaning a straight and elegant flow, or turbulent, a chaotic
one. The Reynolds number (Re) was used, and given by:

Us Ly,
v

Re =

Where U,, is the freestream velocity of the fluid given in ms~?. L, is the chord line of the
wing, which means the distance from the trailing edge to the leading edge, given in m, and

v is given as the kinematic viscosity of the fluid. Viscosity is defined as a fluid’s



susceptibility to move when subject to stress, kinematic viscosity (v) is the viscosity of the

fluid (u) with respect to its density (p).

_P
P=RT
_k_ n _pRT

P RT

Where R is the specific gas constant for dry air measured in ] Kg~1K~! and is given as
287.05 (Universal and Individual Gas Constants, u.d.), T is the temperature of the fluid in

Kelvin (K) and p is the pressure measured in Pascals (Pa).

Substituting this into our formula for the Reynolds number, we get a formula with values
that are all measure with our equipment described later in section 3.
_ UooLW _ onoLW

Re = =
¢~ TuRT URT
Z

Since the air being studied in this experiment is flowing through a wind tunnel, which is a
pipe we say that if the Reynolds number is greater than a critical of 1 x 10> (Kianoosh

Yousefi, 2018) the airflow is said to be turbulent.

2.3 Why downforce occurs

A common misconception of how lift is generated is that the wings have a longer and

shorter side, forcing the air molecules to travel different distances over the wing. The



argument is then that the molecules on the long side must travel faster so that they can
meet up with its “partner” at the trailing edge of the wing. Causing a higher pressure at the
top of the wing. We know that air flows from high-pressure areas to low-pressure areas to
even out the differences. And thus, the air is supposed to flow up to top of the wing, causing
a force to applied upwards, hence the lift (Hall, Aerodynamic Forces: Incorrect Theory #1,

2018). The same applies to F1 rear wings, though it is flipped since the wings a























































































