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Abstract: 

From the recent years, research on aerodynamic for cars is increasing day by day to enhance the stability of a vehicle and reducing 

drag. This paper shows the design and CFDFLUENT analysis of formula student car. A study for the rear engine race car is 

presented here. The objective of there cent study is to optimizing the base model by investigating the aerodynamics characteristics 

of student race car with side road, fire wall vent and the front spoiler and without it. Student car is used to participated in SAE 

competition every year where students from all the territories takes part to build and compete with open wheel formula style race 

car. The Society of Automotive Engineers SAE INDIA car focuses on developing a simple and open chassis vehicle with light 

weight. The main focus on this paper is to optimize the race car with minimum drag and vehicle stability by using ANSYS CFD 

fluent software for performing the turbulent simulation. The analysis results are shown through graph with coefficient of drag, 

velocity and pressure counter. 

 

Index Terms: Reduction of drag, Optimization of race car, CFD Fluent analysis, Spoiler in car 

 

I. INTRODUCTION 

 

This paper describes the analysis of Formula Student Car. The 

design of a base model with Chassis is shown and study is 

conducted on it. In the past several decades the study of car 

aerodynamics is conducted to determine the various 

parameters like coefficient of drag and lift and down force to 

stabilize the vehicle. As this car is working at the high speed 

the stability of vehicle is more concerned which is analyzed by 

the CFD An sys Fluent analysis. The drag force is normally 

acts against the direction of moving car and lift is due to the 

movement of around an object and opposite to it is called 

downward force of the vehicle which is relatively important in 

formula student car. Aerodynamics is the study of an object 

moves through air. It is divided into two sub categories like 

external and internal aerodynamics. External aerodynamics is 

normally the study of air flow around solid objects of different 

shapes and on the other hand internal aerodynamics is the 

study of flow through passages inside the solid objects. For the 

improvement in design of the car the SOLID WORKS software 

is used to modify the different shapes of the car. Then the CFD 

Fluent is used to find out the Aerodynamics results likewise co 

efficient of drag, coefficient to flift, down force and velocity 

and pressure counter for the optimization of working model. 

 

II. DESIGN OF FORMULASTUDENTCAR 

 

 
Figure.1. Chassis model of Formula SAE Car 
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Technical Specification 

Frametype : SpaceFrame 

Engine : Single Cylinder; 373CC; Liquid                                                                                                                 

                                          cooledengine 

Power : 43 bhp@9800rpm 

Torque : 35 Nm@9800rpm 

Transmission : Constant mesh; Clawshifted 

Brakes : Hydraulic actuated disc brakes;  

                                                fixed calipers;X-split 

Wheelbase :1615mm 

FrontTrack :1270mm 

RearTrack :1209mm 

 

Frame configuration, design and material selection 

Itisbasedonthespaceframe,asitmostsuitedforSAEvehiclebecau

seofitslightweightproperties.Chassisisconstructedcylinder 

AISI 1018 steel tubes of various thickness as suggested in 

rulebook which is strong and rigid enough to withstand high 

impact forces and welded together with arc welding 

technology. 

 

Impact Analysis 

Mass of the vehicle :2500N 

Acceleration : 9m/s2 

Force :22500N 

Taking2G Force :45000N 

Calculation of equations 

DragForce : ½ ρv2 ACd 

LiftForce : ½ ρv2 A Cl where; 

𝐷 : Dragforce 

𝐶d : Dragcoefficient 

𝐶d : Dragcoefficient 

A : Frontal area of thevehicle 

𝜌 : Airdensity 

𝑉 : Vehicle velocity Navier -  

                                     Strokes Equation for flow separation 

 

 
 

III. ANSYS CFDFLUENTCALCULATIONS 

 

CFD also known as Computational Fluid Dynamics is a set of 

numerical methods applied to obtain approximate solution of 

problems of fluid dynamics and heat transfer. 

 

NUMERICAL METHOD having basic three elements 

a. PreProcessor 

b. Solver 

c. PostProcessor 
 

 
Figure.5. Virtual Wind Tunnel and Vehicle Orientation 

 

CFD Simulation Meshing 

The meshing is done triangular one for obtaining the 

unstructured grid. For obtaining the boundary layer effect, 

Automatic inflation layer Program controlled is used having 

the growth rate of20%. 

 

SIMULATION Boundary conditions 

Analys is has to be done like the testing of car model in the 

wind tunnel test. For doing this, the domain around the body is 

considered as the wind tunnel size. The domain contains 

velocity inlet, pressure outlet, walls around the car body as 

shown in figure 5. The inlet velocity is given 30m/s 
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Table.1. Boundary Conditions Settings 

 

 
Figure.6. Meshing of car body 

 

IV. RESULTS ANDCONCLUSION 

CFD Fluent analysis of air flow over the race car is carried out 

at speed of 30 m/s for all three models. Results are taken by the 

three models and graphs are plotted. 

 

Pressure counters 

 
Figure.7. Pressure Counter for Base Model 

 
Figure.8. Pressure Counter for Modified model 1 
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Figure.9. Pressure Counter for Modified model 2 

 

Velocity counters 

 
Figure.10. Velocity Counter for Base model 

 

 
Figure.11.VelocityCounterforModifiedmodel1 
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Figure.12.VelocityCounterforModifiedmodel2 

 

Coefficient of Drag 

 
Figure.13. Cd for Base Model 

 

 
Figure.14. Cd for Modified model 1 

 

 
Figure.15. Cd for Modified model 2 



International Journal of Engineering Science and Computing, July 2018     18638                                                                  http://ijesc.org/ 

Coefficient of Lift 

 
Figure.16. Cl for Base Model 

 
Figure.17. Cl for Modified model 1 

 
Figure.18. Cl for Modified model 2 

 

Coefficient of drag and coefficient of lift both are depends on 

shape of the vehicle body. In this paper, modification of the 

race car is done by fire wall cut and side rod design for 

reducing the drag and providing the front spoiler for increasing 

the down force and reducing lift up to some values. In the 

above graphs it is showed that Cd for the modified model is 

lower, compared to the base model. Cd for the base model is 

0.98 and that is for modified model is 0.71; which is quite 

better than the previous model. The fire wall cutting help 

stoprovide the space for air to flow through hit. And by 

providing spoiler the Coefficient of lift also changing from -

0.10 to -0.42 which gives a good grip and stability to the race 

car. 
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