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Abstract  
To improve the aerodynamic efficiency of a Formula One (F1) in Schools race car, the original model of the car 
is evaluated and compared with a new design. The ideas behind the new design are supported by research about 
aerodynamics. Different potential designs are created with CAD software Fusion 360 and evaluated within CFD 
software Solid Edge 2020 with FloEFD. Empirical data shows how specific changes to the structure of race cars 
can improve aerodynamic efficiency by decreasing their aerodynamic drag. The experimental data and methods 
of this study can provide help and guidance for teenagers participating in the F1 in Schools competition program 
to solve the aerodynamic performance problems of racing cars and thereby increase youth interest in STEM 
programs, as well as their opportunities to learn about engineering and enter engineering careers. 
Keywords: aerodynamics, computational fluid dynamics, drag coefficient, F1 in Schools 
1. Introduction 
1.1 Background for the Research 
Formula One (F1) is one of the oldest, most popular, and most technologically advanced car racing 
championships in the world. From each team’s attention to detail, such as the material used or the slightest tweak 
of designs, to the engineers’ constant efforts to improve the aerodynamic efficiency and success of their race cars, 
F1 is a paradigm for the world’s advancements in the automobile industry.  
The challenge of designing and honing a race car to its maximum potential is brought to high school students by 
the F1 in Schools competition. F1 in Schools is a STEM challenge organized by Formula One to encourage high 
school students around the world to design a small version of an F1 car. The challenge requires the members of 
the participating teams to work together and create a race car that is fast and aerodynamically efficient.  
This study is concerned with the improvement of an F1 in Schools race car, the same goal as real-life F1 teams 
have pursued throughout the sport’s history. Finding the optimized angle and structure of the car’s wing, the 
most efficient body shape of the car, and an aerodynamic rear wing are the three most important areas of 
improvement for this project. 
1.2 Research Trends 
An essential aspect of Formula One’s technology is its advancements in aerodynamic innovations and designs. 
In 1968, Graham Hill appeared at the Monaco Grand Prix with a modest wing fitted on his Lotus 49B race car. 
This is widely considered the start of aerodynamic enhancement and improvement in F1 racing (Jennie, 2014). 
From that point on, aerodynamics – specifically, the creation of more negative lift, or downforce, with the 
balance of drag – has always been an aspect that F1 teams have focused on and, as such, has prompted 
increasingly complex and interesting wing designs on F1 cars.  
During the ground effect era of F1 in the late 1970s and early 1980s, different teams across the F1 grid began 
exploring and taking advantage of this aerodynamic principle to decrease the drag and increase the downforce 
and cornering speed of their race cars (Graham, 2019). This is just one instance of how F1 teams have always 
attempted to design the fastest running machines on the grid with various aerodynamic innovations and 
improvements. In 2020, researchers Ilya Tolchinsky, Travis Carrigan and Joshua Dawson used CAD to optimize 
the front wing of a racing car and concluded that a higher angle of attack at the tip of the wing produces superior 
aerodynamic performance (Tolchinsky, Carrigan, & Dawson, 2020). The work of researchers Jurij Iljaž, Leopold 
Škerget, Mitja Štrakl and Jure Marn in 2016 showed that the tail of a car has an important relationship with 
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3. Race Car Design, Analysis, and Results  
3.1 Software 
A crucial part of the project is the computer software that allows alterations to be made to the design of the 
original race car and completes the analysis of the aerodynamics. Here Autodesk Fusion 360 is used, as well as 
FloEFD and Solid Edge 2020. 
Autodesk Fusion 360 is a computational-aided design (CAD) software developed by Autodesk. It is an easily 
understandable and usable software that allows 3D models to be created, shaped, and exported. This CAD 
software is the basis of operation for the original structural design of the Boyden Challenger, the F1 in Schools 
model race car that this study focuses on.  
Solid Edge 2020, with the implementation of FloEFD, can perform CFD analysis on the design of the race car 
that is exported from Fusion 360. FloEFD vitally allows the exported race car model to be simulated within a 
correct environment with the correct data restrictions. Furthermore, FloEFD records the essential data and 3D 
flow behaviors observed from different perspectives.  
3.2 Analytical Restrictions  
To ensure the validity of the results of any structural design change, there are several important analytical 
restrictions that are made constant for every flow analysis. Each analysis is run on one device with the same 
hardware and settings. With a constant environment for the different designs, the difference in results can be 
accurately evaluated. The constants and restrictions are below.  
Table 1. Hardware configuration 
Processor Internal Storage System Version CAD Software CFD Software CPU Speed 
Intel(R) 
Core(TM) 
i7-9750H CPU 
@ 2.60GHZ 

8041 MB / 
134217727 MB 

Windows 10 
(Version 
10.0.18363) 

Autodesk 
Fusion 360 

FloEFD 
FES2019.1.0. 
Build: 4540 

2592 MHz 

 
Table 2. Flow Analysis Conditions-1 

Flow Analysis 
Type 

Coordinate 
System 

Reference 
Axis Volume Flow Type 

   X-axis Y-axis Z-axis  
Object Exterior 
(excluding any 
inner space) 

Default  X -0.4 m ~ 
0.8 m 

-0.2 m ~ 
0.2 m 

0 m ~ 
0.25 m  

Laminar and 
Turbulent Flow 

 
Table 3. Flow Analysis Conditions-2 

Fluid Pressure Temperature Speed Others 

Air 101325.00 Pa 293.20 K 
X-axis Y-axis Z-axis 

Disabled 
25.000 m/s 0 m/s 0 m/s 

Note. Others includes: Transient State Analysis, Object Heat Conduction, Rotation, Weight, High Mach Number 
Flow, Humidity. 
At the same time, FloEFD allows specific results to be derived from flow tests. Three essential data can be 
evaluated from every flow test: drag force, lift, and the drag coefficient. While the drag force and lift can be 
directly derived from the flow model, the drag coefficient is derived from a manually inserted equation (see 
“Drag Coefficient” on pg.4):  𝐶𝑑 = ஽଴.ହఘ஺௩మ                                      (3) 

 
 
 



mas.ccsen

 

3.3 First 

The first 
summer o
two cove
another w
idea behin
flow over
possible p
required 
aerodyna
on F1 in 
90-degree
designed 
The CO2
car do no
aerodyna
Table 4. F

 

 

 

 

 

 

 

Combinin
reducing 
so the opt
air benea
car. Final

net.org 

Model Analys

 

 

 

 

 

 

model of the 
of 2020. Stay
ring bodywor

would be effe
nd the design 
r the body, th
past the front
main wing fo

amically effici
Schools race 
e angle from
behind the re

2 cartridge is t
ot involve the
amically effici
Flow analysis

ng the results
the drag (see 
timization of 

ath the car, wh
lly, the most a

sis  

Figure 3
Boyden Chall

ying within the
rks for the wh
ctive in reduc
of the bodyw

he two bluff b
t wheels, ensu
or the front w
ient as possibl
cars. The rear

m the bodywo
ear wheels. In 
the source of t
e insertion of 
ent as possibl
 result of the f

Fig
s with the ob
Figure 4). Fir
the front wing
hich indicates
apparent issue

Mod

. Rendered Or
lenger was de
e regulations, 

heel behind the
cing the drag

work of the fro
bodies in fron
uring as little 
wing can stay 

le. The main 
r wing is desig
ork to minim
addition, the 
thrust for the 
the cartridge
e.  
first model 

Name 

Drag 

Lift 

Cd 

gure 4. The sid
bservation of 
rst, there is an 
g may be help
 a separation 

e is the large w

dern Applied Sc

77 

riginal Boyde
esigned for pa
 the race car 
e required ma
of the object

ont wings. Wit
nt of the front
drag as possib
at a horizont
body shape is
gned to be ins

mize interferen
rear of the ca
car when it is

e, since the m

Unit 

N 

N 

 

de view of the
f airflow arou
 apparent area

pful for reduci
of flow and t

wake behind t

cience

en Challenger 
articipation in
used the desig

ain wing (see 
t in the downs
thout creating
t wheels can e
ble (Keith & 
tal angle with
s a traditional
stalled on the 
nce drag. Tw
r has a space 
s pierced. How

main goal of th

Value 

0.426 

0.020 

0.493 

e airflow velo
und the car, t
a of low-speed
ing the drag. S
the creation o
the car, an iss

Race Car 
the F1 in Sch

gn of a doubl
Figure 3). On
stream of the 

g more drag fo
effectively gu
Anatol, 1984
out an angle 
l streamline d
main body of 

wo convergin
in which a CO
wever, all of t
he study is to

city 
there are sev
d air around th
Second, there 
f a higher-pre
ue that is kno

Vol. 15, N

hools competi
le front wing,
ne bluff body 

flow. This is
or the middle p
uide as much 
4). With this d

of attack, ma
design that is o
f the car, protr
ng bodyworks
O2 cartridge i
the tested mod
o make the ca

veral obvious 
he front wing 
is an area of 

essure zone be
own to be a m

No. 2; 2021 

tion in the 
 installing 
in front of 
s the basic 
part of the 
airflow as 

design, the 
aking it as 
often seen 
ruding at a 
s are also 
s inserted. 
dels of the 
ar itself as 

paths for 
of the car, 
low-speed 
eneath the 

major cause 



mas.ccsen

 

of drag o
upon the 
3.4 Front
Front win
increase 
splitting 
observed 
the assoc
the nose 
the shape
in front o
Figures 5

 

 

 

 

 

 

 

Table 5. F

Table 6. F

net.org 

on vehicles. Fi
drag coefficie
t Wing Chang
ng alteration 
the angle of 
the air from 
to be entering

ciated drag wi
of the forebod

e of this struct
of the front wh
5 and 6 and Ta

Front wing alt

Front wing alt

ixing these is
ent of the car. 
ges 

is the first c
attack for th
the middle (S
g the space be
ith the wheel 
dy, since this 
ture also does 
heels, and the 
ables 5 and 6 s

Figure 5.

Figure 6.
teration 1 data

teration 2 data

Mod

sues observed
 

consideration 
he forebody o
Sun, 2018). T
etween the bod
(see Figure 5)
causes more 
not change th
area is within
show the resul

. Front wing a

. Front wing a
a 

Name 

Drag 

Lift 

Cd 

a 

Name 

Drag 

Lift 

Cd 

dern Applied Sc

78 

d in the first m

of structural 
of the front w
The air that w
dywork and th
). This effect 
air to move u

he frontal refe
n the wheel. 
lts from the f

alteration 1 – f

alteration 2 – f

Unit

N

N

Unit

N

N

cience

model of the c

change for th
wheel, directin
would travel b
he wheel, crea
is also reduce

upwards rathe
rence area of 

front wing alte

flow velocity 

flow velocity 

Value

0.377

0.014

0.437

Value

0.347

0.020

0.402

car are the ma

he race car. A
ng the airflow
below the for
ating a volum
ed by raising 
er than downw
the car, since 

erations:  

side view 

side view 

Vol. 15, N

ain goals for i

An attempt is
w upwards ra
rebody of the

me of separated
the angle and

wards. The alt
the structure 

No. 2; 2021 

improving 

s made to 
ather than 
e wheel is 
d flow and 
d lowering 
teration of 
is directly 

 



mas.ccsen

 

By obser
inclinatio
inclinatio
data of th
However
structure 
this posit
3.5 Rear 
Since dow
rear wing
rear of th
drag or d
an attemp
the heigh
prism sha
the rear o
different 
areas, wid

net.org 

rving the chan
on does decre
on comes with
he original des
r, although th
has proven t
ive change wi
Wing Change
wnforce is no
g is configured
he main body o
downforce. Wh
pt to shrink th
ht of the boun
ape (see Figur
of the car bes
shapes of VG

dening the opt

nge of flow i
ase the drag e
h an expected
sign (0.020 N)
is version of 
o be very sus
ill be incorpor
es  
t a necessity f
d to zero angl
of the car, wit
hile the shape

he low-pressur
dary layer, an
re 8) (Masaru
side the CO2 
Gs at differen
tions for poss

Figu

Mod

in the model 
exerted on th

d increase of d
).  
the front win

sceptible to da
rated in a mor

for F1 in Scho
e of attack. Th
h the original 

e of the rear w
re area that cr
nd their shape
, Nagayoshi, &
container: the

nt locations is
ible alteration

Figure 7. T

ure 8. The righ

dern Applied Sc

79 

as well as th
he car. While 
downforce, th

ng proves to 
amage, as see
re reliable vers

ools race cars 
he original de
 intention of c

wing remains 
reates drag at 
es are of delta
& Hamahoto,
e top, the bot
s to observe a
ns.  

The delta-wing

ht rectangular

cience

he results, it i
the lift is exp

he lift did not

be effective 
n in previous 
sion of the fro

due to the sty
esign of the re
creating a rear
the same, vor
the rear of the

a-wing shape (
 2004). VGs a
ttom, and the 
any potential 

 
g shape VGs

r prism shape 

is clear that t
pected to decr
t need to be a

in lowering t
tests. The co

ont wing.  

yle of this rac
ear wing has it
r wing without
rtex generators
e car. The VG
(see Figure 7)
are installed o
sides. The re
improvement

VGs 

Vol. 15, N

the change of
rease, since r
altered compa

the drag of th
onclusions der

ce, the main w
t stem directly

ut much influen
rs (VGs) are in
Gs are designe
) or of right re
on different lo
eason for the 
t with VGs in

No. 2; 2021 

f angle of 
raising the 
ared to the 

he car, its 
rived from 

wing of the 
y from the 
nce on the 
nstalled in 
ed to be of 
ectangular 

ocations of 
testing of 

n different 



mas.ccsen

 

net.org 

F

Figure 1

Mod

Figure 9. T

Figure 

Figure 11. Th

12. VG install

dern Applied Sc

80 

The change of

10. The chang

he change of d

lation version 

cience

f drag force 

ge of lift 

drag coefficien

5 (velocity si

 

 

 
nt 

de view) 

Vol. 15, N

 

No. 2; 2021 

 



mas.ccsen

 

The side 
the car is 
original c
shows tha
is hard to
effective 
of the rea
3.6 Body 
Several b
Since the
body of t
within pr
the car (s

Two diff
coefficien
(see Figu
car in ord
drag, the 

net.org 

view of the la
minimal (see

car (see Figur
at the area of t
o be altered by
way to reduce

ar of the car.  
Change  

body shape ch
e attempt to a
the car is base
revious model
ee Figure 13)

ferent reconfig
nt. The first i

ure 14) in orde
der to reduce 
sidepod is als

atest version o
e Figure 12). T
re 11). After a
the rear of the
y the VGs. Th
e the vacuum 

anges are also
alter the rear o
ed upon the b
ls, the sidepod
.  

gurations are 
s to increase 

er to reduce th
the drag with

so altered such

Mod

of the VG inst
The results of 
analyzing the 
e car is large e
he boundary l
area is to redu

o made to the 
of the car wit

best version of
d is seen to at

Figure 13. Or
made to the 
the distance b

he pressure ben
less flow sep

h that air is no

Figure

dern Applied Sc

81 

tallation indic
the tests also 
reason for the

enough for the
layer separate
uce the amoun

car in an attem
th vortex gen
f the car from
ttract air from

riginal sidepo
sidepod and 
between the s
neath the side

paration (see F
ot pushed unde

e 14. Raised s

cience

cates that the c
indicate very 

e failure behin
e wake of the a
es at the sharp
nt of air that c

mpt to improv
erators prove

m the front win
m the wake of

d floor design
the floor desi
sidepod and t
epod. The seco
Figure 15). Th
er the bottom 

idepod 

change to the 
little improve

nd the installa
airflow to be o

p edge no mat
can be separate

ve its aerodyn
d unsuccessfu
ng change. By
f the front wh

 
n 
ign in an effo
he ground, ex
ond is the low
hen, in an atte
of the car (see

 

Vol. 15, N

area of vacuu
ement to the d
ation of VGs,
of a certain vo
tter what. The
ed by shrinkin

namic efficien
ful, the alterat
y observing th

heels, pushing 

ort to improve
xcluding the o

wering of the b
empt to reduc
e Figure 18). 

No. 2; 2021 

um behind 
drag of the 
 the result 
olume that 
erefore, an 
ng the size 

ncy (Seas). 
tion of the 
he airflow 
air below 

e the drag 
outer skirt 
base of the 
e pressure 
 



mas.ccsen

 

net.org Mod

Figur

Figure 16

Figur

Figur

dern Applied Sc

82 

re 15. Lowered

6. Change of d

re 17. Change 

re 18. Change 

cience

d floor 

drag force 

of lift 

of Cd 

 

 

 

 

Vol. 15, N

 

No. 2; 2021 



mas.ccsen

 

The body
sidepod n
Figure 20
unwanted
Therefore
3.7 Car D
After the 
from pas
The rear 
observed 
behind th
For the f
violation 
covering 
However
wing with
are tested
optimal. N
version is

net.org 

y shape chang
negatively imp
0) proves to be
d downforce. 
e, a new desig
Design Chang

attempted str
st efforts. Diff
wing’s design
pressure drag

he rear wheels
front wing of 
with its heigh
body, airflow

r, since the co
hout an angle

d with differen
Notice the an
s with the grea

F

Fig
ges do not imp
pacts the drag
e a failure as w
Therefore, th

gn is created to
ge 
ructural chang
ferent changes
n is altered by
g in the area,
.   

f the car, the 
ht, so the heig
w can be dire
overing body f
e is predicted 
nt angles of at
ngle of the fro
atest angle, an

Mod

Figure 19. Bod

gure 20. Body
prove the aero
g coefficient o
well, as the dr

he body shape
o overcome th

ges to the origi
s are made to t
y eliminating t
 and the main

covering bod
ght is reduced
ected away fr
for the front w
to make direc

ttack for the m
ont wing in ea
nd the third ve

dern Applied Sc

83 

dy alteration 3

y alteration 5—
odynamics. An
of the car. The
rag force and i
e of this versi
his plateau. 

inal race car, 
the front wing
the protrusion
n wing is thu

dy in front of 
d in the new d
rom making 
wheels is low
ct contact wit

main wing, an
ach version b

ersion has the 

cience

3—floor chang

—sidepod chan
ny change to t
e change of th
its coefficient
ion offers littl

a new car is d
g, rear wing, a
n from the mai
us connected v

f the front wh
design. By inc
direct contact

wered, the airf
th the wheels.

nd the angle be
below (Figure 
smallest.  

 
ge 

 
nge 
the bottom ele
he sidepod sha

spiked alongs
le in improvin

designed to ad
and body shap
in body with t
vertically from

heels does hav
reasing the an
t with the blu
flow that woul
. Therefore, s
earing the bes
19, Figure 20

Vol. 15, N

evation of the 
ape of version
side a major i
ng the drag c

ddress unresol
pe of the car.  
the purpose o
m the converg

ve the potenti
ngle of the slo
uff body of t

uld come from
several possib
st result is dee
0, Figure 21)

No. 2; 2021 

car or the 
n four (see 
increase in 
oefficient. 

ved issues 

f reducing 
ging body 

ial of rule 
ope on the 
the wheel. 

m the main 
le designs 

emed to be 
. The first 



mas.ccsen

 

Table 7. C

The third
the car.  
The body
front win
shape is 

net.org 

Comparison o

 

Name 

Drag 

Lift 

Cd 

d result presen

y shape of the
ng. To reduce
made to prev

Figure

Figure

Figure
of results base

Unit 

N 

N 

 

nts the best dat

e car is then op
e the issue of 
vent such an o

Mod

e 21. Angle of 

e 22. Angle of 

e 23. Angle of 
d on different

Angle of attac

Value 

0.463 

-0.090 

0.612 

ta, with the dr

ptimized usin
low-speed ai

occurrence. A

dern Applied Sc

84 

f attack 1 (flow

f attack 2 (flow

f attack 3 (flow
t angles of atta

ck 1 Angle 

Value

0424

-0.060

0.56

rag coefficien

ng the best res
ir converging 
A much wider

cience

w velocity side

w velocity side

w velocity side
ack 

of attack 2 

 

nt already imp

sult of the ang
beneath the c

r and taller de

 

e view) 

 

e view) 

 
e view) 

Angle of att

Value 

0.324 

0.028 

0.428 

roved compar

gle of attack fo
car in previou
esign is made

Vol. 15, N

tack 3 

red to the first

for the main w
us models, a 
e to reduce th

No. 2; 2021 

t model of 

wing of the 
new body 

he average 



mas.ccsen

 

distance b
reducing 
Additiona
issue seen
This is al
At the sam
to conver
middle of
as much 
volume b

 
 
 
 
 
 

net.org 

between the c
the change fo
ally, the sidep
n before in th
so because th
me time, to a
rge as much a
f the car, the c
as possible to

behind the veh

car’s floor an
or slow separa
pod is filled to
he body chang
ere is a taller 
ddress the iss
as possible w
converging bo
ogether behin
hicle in the two

Figure

Figure 25

Figure 26

Mod

nd the ground
tion beneath t

o have its floo
ge that would 
and deeper bo
ue of lowerin

within the rule
odywork is pr
d the car, red
o new designs

e 24. Angle of 

. Body shape 

6. Body shape 

dern Applied Sc

85 

d, and airflow
the body, whic

or as close to t
occur if air w

ody next to it. 
ng the separate
es at the end o
redicted to dir
ducing the rea
s.  

f attack 3 (flow

alteration 1 (f

alteration 2 (f

cience

is predicted 
ch was seen in
the ground as 
went inside the

 
ed wake regio
of the car. Sin
ect airflow fro

ar vacuum vol

w velocity side

flow velocity 

flow velocity 

to flow faster
n previous mo
the skirt is, el
e sidepod (see

on behind the 
nce the body 
om above and
lume effective

e view) 

side view) 

side view) 

Vol. 15, N

r around a wi
odels.  
liminating any
e “The Body 

car, the body
is shaped lar

d beneath the 
ely. Notice th

No. 2; 2021 

ider body, 

y potential 
Change”). 

y is shaped 
rger in the 
car to join 

he vacuum 

 

 

 



mas.ccsenet.org Modern Applied Science Vol. 15, No. 2; 2021 

86 
 

Table 8. Comparison of results based on different body shapes, including the tested results of the third version of 
the angle of attack as well as two body shape alterations 

 Angle of attack 3 Body shape alteration 1 Body shape alteration 2 

Name Unit Value Value Value 

Drag N 0.324 0.335 0.294 

Lift N 0.028 -0.069 -0.019 

Cd  0.428 0.400 0.351 

The second body shape change of the new design aims to resolve the issue of proximity between the bodywork 
and the main front wing that appeared to be an area of pressure drag (see Figures 23 and 24). Compared to most 
of the side visuals of the tested models, the final two visuals indicate a much smaller volume of vacuum air 
behind the car, which is likely to be the reason for the reduction in drag. At the same time, the floor of the 
sidepod is as close to the ground as possible, since it is not optimal for air to flow within the sidepod (which it 
does in the previous models) if it is open at the front and within. 
4. Conclusion 
After understanding and applying knowledge from preliminary research concerning aerodynamics, new 
structural designs were applied to the initial model of the F1 in Schools race car. While some did not prove to be 
effective, others showed major improvements.  
The drag coefficient of the final version of the design, under the same circumstances that all versions of the car 
were tested, resulted in a drag coefficient of 0.351, which is a 0.142 decrease from the initial value. This result 
indicates that the aerodynamic efficiency of the final version of the car is optimized compared to the first.  
Certain major design changes proved most helpful. One was finding the optimal angle of attack for the front 
wing of the car. Since the front wing is the first part of the car to move through the air, it poses a great source of 
drag. Therefore, finding the best shape and angle for the front wing of the car is essential. Another helpful 
structural change was streamlining the body shape of the car. While leaving a large open space beneath the car 
may appear to increase drag, a larger body that converges at the rear can be more effective, as it prevents flow 
separation and higher-pressure air from forming beneath the car, and it reduces the separated zone behind the 
car.  
F1 in Schools cars have straight line acceleration and straight line deceleration, and this study focuses on 
investigating the aerodynamic performance of the car during the steady motion phase. However, in the initial 
motion phase with high power, it is also important to explore the performance of the car under the influence of 
power. Therefore, considering the dynamic influence would be a useful direction for future research. 
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