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Abstract - Aerodynamic forces and moments, as well as tire-road forces largely affects the maneuverability of the vehicle. Car 
manufacturers are largely fascinated and influenced by various aerodynamic improvements made in formula cars. There is 
constant effort of applying these aerodynamic improvements in road vehicles. In motor racing, the key differentiating factor in 
a high performance car is its ability to maintain highest possible acceleration in appropriate direction. One of the main areas 
of concern in motor racing is balance of aerodynamic forces and stream line the flow of air across the body of the vehicle. At 
present, formula racing cars are regulated by stringent FIA norms, there are constrains for dimensions of the vehicle, engine 
capacity etc. So one of the fields in which there is a large scope of improvement is aerodynamics of the vehicle. 
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I. INTRODUCTION 
 
Formula Student (FS) is Europe's most established 
educational motorsport competition, run by the 
Institution of Mechanical Engineers. It is the 
European counterpart of Formula SAE, which has 
been held annually in the United States from the year 
1978. The first Formula Student competition was held 
in 1998 in UK. The year 2007 onwards, the 
competition has been held at the historic Silverstone 
Circuit, UK. Both Formula SAE and Formula Student 
are organized by the Society of Automotive Engineers 
i.e. SAE International. Participating teams are tasked 
to produce a prototype for a single-seat race car for 
autocross or sprint racing, and present it to a 
hypothetical manufacturing firm. The car must be low 
in cost, easy to maintain, and reliable, with high 
performance in terms of its acceleration, braking, and 
handling qualities. During the competition teams 
must demonstrate the logic behind the proposal and 
must be able to demonstrate that it can support a viable 
business model for both parties. Aerodynamic forces 
and moments, as well as the tire-road forces, affect the 
maneuvering performance i.e. Stability and Control of 
nearly all classes of vehicles. But unlike the tire forces 
which are primarily independent of speed, the 
aerodynamic forces increase rapidly with speed, due to 
which recent years have seen heavy application of the 
science of aerodynamics on Race Car Design. For 
example, aerodynamic drag determines the vehicle’s 
performance characteristics at high speed including 
maximum speed, forward acceleration at the higher 
speeds, and braking deceleration. 
 
II. RELATED WORK 
 
In this project work, an attempt has been made to 
design a formula- student (FS) car, improve its 
aerodynamic characteristics through steady state CFD 
simulations and simultaneously calculate its lap time. 

Initially, a CAD model of a formula student car is 
made using SOLIDWORKS  as per the given 
dimensions and a steady-state external air-flow 
simulation is performed on the baseline model of the 
formula student car without any add on device  to 
evaluate and analyze the air-flow pattern around the 
car and aerodynamic forces  using FLUENT Solver . A 
detailed survey on different add-on devices used in 
racing application is made and geometric model of 
these add-on devices are created. These add-on 
devices are assembled with the baseline model. Steady 
state CFD simulations are done on the modified car to 
evaluate the aerodynamic effects of these add-on 
devices on the car. Later Lap time simulation of the 
formula student car is done with the help of 
MATLAB. Aerodynamic performances like: - lift, 
drag and their coefficients are evaluated for different 
configuration and design of the add-on devices at 
different speed of the vehicle. From parametric CFD 
simulations on formula student car attached with 
add-on devices, there is a considerable amount of drag 
and  lift force reduction besides streamlining the 
airflow across the car. The best possible configuration 
of these add-on devices is obtained from these CFD 
simulations and also use of these add-on devices have 
shown an improvement in performance of the car 
which can be compared by various lap time 
simulations of the car. 
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2.1 Modelling of FSAE with Aerodynamic Devices 
The modelling of body of FSAE Car is done using 
Solid Works 2017. All the dimensions while 
designing the car were taken in millimeters (mm). 
Fig.1 (a) and Fig.1 (b) shows the isometric view and 
side view of the vehicle.The designing of the FSAE 
Car is done on the basis of “Fail-Safe” Design 
Consideration. The entire chassis of the car is 
designed while keeping in mind its operation at high 
speeds.  The whole body is made stream-lined and 
should be able to give good performance at high 
speeds. 
 

 
 
III COMPUTATIONAL FLUID DYNAMIC 
ANALYSIS 

 
Computational Fluid Dynamics Analysis played a 
major role in racing events now a days. In order for a 
vehicle to give efficient performance it has to be 
aerodynamically sound. The drag force is the 
unwanted thing which acts against the force of Car 
and slow down its speed. On the other hand down 
force is a useful force which helps a vehicle to 
maintain contact with the ground. 
 
3.1 Aerodynamic Drag 
Aerodynamic Drag is a force which resists the flow of 
air over the surface of car. Aerodynamic Drag is a sum 
of two types of forces: - Pressure Drag and Viscous 
Drag. The Pressure drag is more dominant amongst 
the two of them. Pressure drag is caused due to the 
shear forces acting between two layers of fluid while 

two of them are in relative motion with each other.  
  Aerodynamic drag Cd = Drag force/0.5ρv2A 
…………Eqn-1 
 Where,  
Cd= Coefficient of Drag 
ρ = Density of air in kg/m3 

v= velocity of air in m/sec 
A= Effective frontal area in m2 

 

There are two types of flows: - Laminar and Turbulent 
Flow. Laminar Flow is the one in which there is a 
smooth sliding motion between two adjacent layers of 
fluid. On the other hand turbulent flow is chaotic and 
random. It is normally unsteady, random and 
3-Dimensional. Reynolds Number helps in 
determination of type of flow.  
 
Reynolds Number < 2100 – Laminar Flow. 
Reynolds Number > 4000- Turbulent Flow 
 
The boundary layer will be initially laminar and then 
transforms into turbulent flow as we go farther away 
from the surface. When there will be a sudden change 
in surface flow separation will take place. Flow 
separation will take place under the condition in 
which the upper layer will be no longer able to drag 
the lower layer within the boundary layer. 
 
The flow can be described using Navier- Stokes 
equation:- 
 

……. 
Eqn-2 
Where 
u= velocity in m/sec 
t= time in sec 
x= position 
p= pressure  
ρ= density in Kg/m3 

 
There are different methods to solve the flow. The 
most common of those are – 
 
 Direct Numerical Simulation (DNS) – It solves 

the Navier-stokes equation numerically. It 
requires very fine grid size and requires very high 
computer memory. It can solve all turbulence 
scales. 

 Reynolds Averaged Navier-Stokes Equation 
(RANS) – It gives the approximate time averaged 
solution to the 

 Navier-Stokes equation. The velocity field is 
fluctuating and it cannot solve all turbulence 
scales. 

 Large – eddy Simulation (LES): It solves the large 
eddies. The simulation is time dependent. 
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3.2 Meshing for CFD  
The role of a Meshing Software is to divide a specified 
region into millions of elements or cells, so that each 
individual cell can be solved for the problem of fluid 
flow for each successive iteration. There are multiple 
software’s which can be used for creating a mesh like: 
- Hyper-mesh, Star CCM, Ansys Mesh, Ansys Gambit 
etc. The role of a Meshing Software is to divide a 
specified region into millions of elements or cells, so 
that each individual cell can be solved for the problem 
of fluid flow for each successive iteration. For the 
problem of external aerodynamics, the designed 
model is enclosed in a Virtual Wind Tunnel, i.e. a 
surrounding area which defines the geometric 
constraints of the air flow. Generally, the virtual inlet, 
exit and walls of the surrounding area are designed to 
be located in the free-stream region with respect to the 
local flow around the model. There are several mesh 
element geometries which can be created like:- 
 Tetrahedral 
 Hexahedral 
 Octahedral 
 
In this CFD analysis of FSAE with as well as without 
aerodynamic devices tetrahedral meshing as well as 
prism meshing is being done as well as meshing is 
being done using Ansys Mesh software. 
 
3.3 Boundary Condition for Simulation 
Analysis has been done to simulate the car model in 
the wind tunnel. In order to achieve this, the domain 
around the body is considered as that of actual size of 
the wind tunnel. Wall of the wind tunnel, the side, top 
faces of the 
domain are given boundary conditions of symmetry. 
The inlet velocity is given 27.7 m/s. Blue and red faces 
indicate 
velocity inlet and pressure outlet respectively. White 
represents wall whereas yellow represents symmetry 
conditions.  
 

 
Model used- K-Epsilon (Non-Equilibrium) 

 
IV. CFD RESULTS 
 
CFD analysis of flow over the car is done at 27.7 m/s 
for both aerodynamic as well as non-aerodynamic 
models. 
 
4.1 CFD Results of Non-Aerodynamic Model 
After the CFD simulations following are the results 
obtained:- 
 

4.1.1 Pressure Contour  

 
Fig. 4.1.1 (a) Pressure contour on car body 

 
Fig. 4.1.1 (b) Pressure contour on 2.75m behind origin 

 
Standard race car model has flat firewall; hence more 
air flow impinges on frontal area which leads to rise in 
Pressure. 
 
Overall pressure over the car body varies from 358.68 
Pa –  
42.90 Pa. 
 
4.1.2 Velocity Vector  

 
Fig.  4.1.2 (a) Velocity Vectors 

 
As the vehicle moves at the speed of 27.7 m/s we can 
see the pattern of velocity vectors in Fig. 4.1.2 (a). In 
the given figure we can see that there is generation of 
wake. 
 
4.1.3 Drag and Lift Results of CFD Model 
Forces - Direction Vector (0 0 -1) (Drag) 
 
Zone: - Car Wall 
Pressure Drag (n):- 111.41564 N 
Viscous Drag: - 4.9723435 N 
Total Drag: - 116.38798 N 
 
Co-efficient of Pressure Drag: - 0.60170592 
Co-efficient of Viscous Drag: - 0.026853399 
Co-efficient of Drag: - 0.62855932 
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Forces - Direction Vector (0 1 0) (Lift) 
 
Zone: - Car Wall 
Pressure Lift (n):- 22.775839 N 
Viscous Lift: - 0.14460068 N 
Total Lift: - 22.92044 N 
 
Co-efficient of Pressure Lift: - 0.1230021 
Co-efficient of Viscous Lift: - 0.0007809235 
Co-efficient of Lift: - 0.12378302   
 
4.2 Results of Aerodynamic Model 
After the CFD simulations following are the results 
obtained:- 
 
4.2.1 Pressure Contour 
 

 
Fig.4.2.1 (a) Pressure Contour on Car Body 

 
Fig. 4.2.1(b) Pressure Contour 2.75m behind the origin 

 
It is being noticed that the pressure at the aerodynamic 
devices i.e. the front wing and the rear wing is high 
while the pressure on rest of the body is moderate. 
In the fig.4.2.2 (a) it is seen that there is a high 
pressure zone on the upper surface of both front as 
well as rear wing and there is a low pressure zone at 
the lower section of both the wings. Hence air will 
move downwards providing negative lift to the 
vehicle. 
 
The pressure on whole body is in the range of 170.17 
Pa – 373.35 Pa. 
 

4.2.2 Velocity Vectors 
 

 
Fig.4.2.2 (a) Velocity Vector 

 
As the vehicle moves at the speed of 27.7 m/s we can 
see the pattern of velocity vectors in Fig. 4.2.2 (a). In 
the given figure we can see that there is reduction in 
wake formation due to presence of Rear Wing. It is 
seen that there are large number of velocity vectors 
moving under the wing which will help in generation 
of negative lift. 
 
4.2.3 Drag and Lift Results of CFD model 
 

 

 
 Co-efficient of Drag: - 0.81001109   
 Co-efficient of Lift: - (-1.8005535) 
 
V. LAP TIME SIMULATION 

 
Lap time simulation is done using optimum g lap 
simulation software. For the lap time simulation we 
have chosen Silverstone circuit (England) 

 
     Following are the statistics of Silverstone circuit:- 
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Track length=5801.88m 
%left corners=44.86 
%right corners=26.45 
%straights=28.68 
Average corner radius=289.58m 
Longest straight=479.95m 
Minimum corner radius=21.91m 
 

Next comes the engine, driveline, gearing and traction 
model for the both aero and non- aero fsae cars 

 
 

 
 

 

 
Following is the vehicle setup data 
Mass of aero fsae car=230kg 
Drag coefficient of aero fsae car=.81 

Mass of non- aero fsae car=200kg 
Drag coefficient of non-aero fsae car=.60 
Downforce coefficient of aero fsae car =-1.450 
Down force coefficient of non-aero fsae car =.123 
Frontal area=1.10m^2 
Tire radius=.220m 
Rolling resistance=.030 
Longitudinal friction=1.4 
Lateral friction=1.5 
Thermal efficiency=30% 
Final drive ratio=3.5 
Drive efficiency=90% 
Fuel used= gasoline 
 
Results of lap time simulation 

 
Maximum speed attainable with aero 
devices=92.8km/hr 
Maximum speed attainable without aero 
devices=55.8km/hr. 

 
Maximum downforce with aero devices=-650N 
Maximum downforce without aero devices=23.4N 

 
Maximum drag force with aero devices=350N 
Maximum drag force without aero devices=120N 

 
Elapsed time with aero devices=225.50s 
Elapsed time with non-aero devices=375.84s 
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RESULT 
 
All the results of CFD analysis has been verified by 
Lap-Time Simulation under real time racing 
conditions. 
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