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Abstract - This paper focuses on a modified design of an automotive aerofoil wing to counter the effects of tractive loss of a 

vehicle due to weight transfer during cornering. The tractive loss during cornering results in inefficient corner traverse. 
Hence, the main focus of the paper is to increase the down force on a specific set of wheels which face reduced loading due 
to the effects of this weight transfer to improve its traction and cornering capacity. Owing to lack of development in this 
particular field, it forms the core of the paper. Therefore, this paper aims to make progress by enhancing the cornering 
stability without compromising on vehicular speed. 
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I. INTRODUCTION 

 

An aerofoil is a structure with a curved surface 

designed to produce aerodynamic forces when moved 

through fluid. Under operation, it produces two 
forces, namely: the one parallel to the direction of 

motion called drag and the one perpendicular to it 

called lift. It is used in many industries such as in 

aviation, automobile and marine industry. 

Shown below is the cross-section of an aerofoil. 

 

 
Figure 1:  Terminology of an aerofoil 

 

The amount of lift L produced by the aerofoil, which 

fundamentally is the opposite of downforce, can be 

expressed in terms of lift coefficient, CL 

 
where 

 Ρ∞= density of flowing air 

 V∞= velocity of flowing air 

 S = frontal area exposed to flowing air 

 

II. PROBLEM STATEMENT 

 

Today, almost all modern performance-oriented cars 

have an aerofoil mounted on them. The primary 

reason is the increased traction on the wheels. The 

aerofoil uses the force of flowing air for generating 
downforce. However, there aren’t many types of wing 

designs that provide stability to the automobile during 

cornering. This paper aims at exploring a new 

innovative angle in that particular area of stabilizing 

the automobile during cornering. 

Various types of weight transfers are experienced by 

an automobile during its journey. When it goes around 

a corner, the weight of the vehicle shifts to the outside 

of the turn. This reduces the normal force on the inner 

tires and consequently reduces the cornering force that 
the tires can generate. This paper aims at increasing 

the cornering force on the inner tires by using the 

downforce generated by the aerofoil. 

 

III. WORKNG 

 

 
Figure 2:  Load transfer during cornering 

 

Lateral load transfer is the amount of change on the 

vertical loads of the tires due to the lateral 

acceleration imposed on the center of gravity of the 

car. In other words, it is the amount by which the 

vertical load is increased on the outer tires and 

reduced from the inner tires when the car is traversing 

a corner.  
The total lateral load transfer on the car can be 

calculated from its free body diagram, as shown in 

figure 2. In the image, the car is looked at from the 

rear during a right-hand turn. 

Unlike regular aerofoils, this one is split in two 

halves, one for each side of the car. When the car 

negotiates a turn, the part of aerofoil which is on the 

inner side of the turn generates downforce by 

increasing its angle of attack. The result is, loading of 

the inner tires which have lost the normal force on 

them due to weight transfer. Thus, they generate more 
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cornering force than they usually would have. This 

permits the car to traverse the corner at a faster speed 
than they would have been able to. 

 

 
Figure 3: Tire Force v/s Vertical Load 

 

The part of the aerofoil on the other end of the car 

remains at 0-degree angle of attack because extra 
downforce is not needed at the outer wheels. Also, 

this minimizes the drag penalty resulting from the 

increase in angle of attack. During the straights, the 

wings will maintain a 0-degree angle of attack at all 

times to avoid the drag penalty. Thus, the automobile 

corners very efficiently without compromising on the 

straights. 

 

IV. DESIGN 

 

The lift on an aerofoil is primarily the result of 
its angle of attack and shape. When oriented at a 

suitable angle, the aerofoil deflects the oncoming air, 

resulting in a force on the aerofoil in the direction 

opposite to the deflection. Hence the optimum section 

selection is of prime importance. For the application 

involved in the paper, an aerofoil with the maximum 

amount of downforce for the least amount of drag is 

deemed optimum. The design was selected using 

UIUC Aerofoil Coordinates Database.Since the 

NACA series of aerofoils did not produce the required 

downforce, after thorough research, the aerofoil CH10 

was selected based on the following graphs. 
 

 
Figure 4:  Relationship of Cl with Cd and Alpha 

 
The end plates of the assembly are one of the most 

important parts of the assembly. The high-pressure air 

from the top of the aerofoil may spill from the side to 

the low-pressure side. To avoid the loss of high-

pressure air, the end plates are fitted along the sides of 
the aerofoil. This ensures that the aerofoil assembly 

provides high downforce efficiently and the high-

pressure air is not lost. The size and shape of the part 

should be such that it covers the entire wing and does 

not allow the air to spill. Furthermore, the drag 

penalty resulting from the end plates should be 

minimum. 

The Gurney flap is a small tab projecting from 

the trailing edge of a wing. Typically it is set at a right 

angle to the pressure side surface of the aerofoil, and 

projects 1-2% of the wing chord. This trailing edge 

attachment can improve the performance of a simple 
aerofoil to nearly the same level as a complex high-

performance design. The device operates by 

increasing pressure on the pressure side, decreasing 

pressure on the suction side and helping the boundary 

layer flow stay attached all the way to the trailing 

edge on the suction side of the aerofoil. A net benefit 

in overall lift to drag ratio is possible if the flap is 

sized appropriately based on the boundary 

layer thickness. 

 
Figure 6: Airflow pattern around a Gurney Flap 

 

The entire assembly was modelled using SolidWorks. 

Dimensions of the aerofoil were finalised based on 

computing restrictions and limited to a length of 

125mm with a chord of 150mm and a thickness of 

12.67mm.Dimensions selected for the Gurney flap in 
our design were finalized after several iterations and 

finalized to 3.75x6 mm based on maximum 

downforce value obtained. 

 

Figure 5: CAD model showing the complete assembly 

 

V. ANALYSIS 

 

The analysis for CH10 was carried out on ANSYS 

Fluent using the following selected input parameters: 

 

https://en.wikipedia.org/wiki/Angle_of_attack
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i) Inlet velocity: Velocity inlet boundary conditions 

are used to define the flow velocity, along with all 
relevant scalar properties of the flow, at flow inlets. In 

this case, the total pressure is not fixed but will rise to 

whatever value is necessary to provide the prescribed 

velocity distribution. This boundary condition is 

intended for incompressible flows. 

ii) Turbulence model: The k-ε model solves for two 

variables: k, the turbulence kinetic energy; and ε 

(epsilon), the rate of dissipation of turbulence kinetic 

energy. The k-ε model has historically been very 

popular for industrial applications due to its good 

convergence rate and relatively low memory 

requirements. It does perform well for external flow 
problems around complex geometries. 

iii) Meshing: The tetrahedral elements are best to 

model complex geometry domains providing 

minimum distortion of mesh. Moreover, the 

computational cost for assembling the global stiffness 

matrix for tetrahedral elements is lower and therefore 

they fit complex shape geometries very well with 

simpler computations. 

 

The following picture depicts the output during the 

analysis of our design of the CH10 aerofoil equipped 
with a gurney flap on ANSYS Fluent. 

 

 
Figure 7: Maximum downforce obtained during analysis at 10 

AOA 

 

The following table shows the values of downforce 

for different angles of attack on the CH10 aerofoil 
without the Gurney flap. 

 

Angle of Attack(deg) Downforce(N) 

9 6.5789 

10 7.6036 

11 6.6956 
Table 1 

 

This table shows the improved values of downforce 

for the same angles of attack for the same aerofoil 

after the addition of a Gurney flap. 

Angle of Attack(deg) Downforce (N) 

9 8.2803 

10 9.1487 

11 8.3142 
Table 2 

 

The following pressure-contour plot describes the 

scenario when one half of the aerofoil was lifted to 

provide 10⁰  angle of attack. As depicted, the 

maximum pressure values were obtained on the 

frontal portion of the aerofoil followed by the trailing 

edge on account of the Gurney flap. 

 
Figure 8: Pressure contour plot of aerofoil assembly 

 

VI. REAL TIME SCENARIO 

 

The above obtained theoretical values when 

extrapolated to real time are completely different and 

magnified as compared to the prototype. The 

downforce is affected by various factors such as the 

frontal area, the velocity and the density of the 
flowing air according to the formula: 

 
Since the density of the air is going to remain the 

same, it plays no role on the value of downforce. 
However, the velocity in the real time scenario is 

going to be nearly twice the prototype analysis case as 

we have considered a meagre value of only 25m/s. 

Hence, the downforce is going to proportionally 

increase by a factor of 4 due to the relationship 

between velocity and downforce. Also, due to 

computing constraints, the prototype was restricted to 

a value roughly, one-sixth of the real time dimensions 

of the aerofoil. This gives us a multiplication factor of 

nearly 25 in the real-life conditions. 

Hence, the value of 9.1487484 obtained in our final 

aerofoil design prototype along with the gurney flap 
incorporated is going to be significantly multiplied by 

a value of 25 to acquire a value of 228.7187N as a 

consequence. 

 

VI. RESULTS AND DISCUSSION 

 

After the final analysis, the obtained value for the 

prototype was approximated with the help of the 

multiplication factor discussed earlier. This value 
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fulfilled the expected required value of downforce. 

The final downforce value obtained was 9.149N and 
after approximating for the actual size will be around 

25kgs of force on each wheel! This force was deemed 

enough for the efficient operation of the aerofoil 

assembly. 

This downforce is equal to 228.7187N of force on the 

rear inner tire. This will, in turn, increase the 

cornering force that the tires can generate while 

traversing around the curve. 

 

 
Figure 9: Coefficient of friction v/s Tire Load 

 

The force generated by the aerofoil corresponds to a 

51.3lbs of force. This amount of force will be addedto 
the force of the initial unladen tires. If we assume the 

unladen tires to be supporting 500lbs of force in that 

condition, the new force on the tire will be 

corresponding to 551.3lbs of force. 

Initial cornering force= initial coefficient of friction* 

initial load on the unladen tires 

= 1.46*500 

= 730lbs of cornering force per tire 

Improved cornering force= new coefficient of 

friction* new load on the unladen tires. 

= 1.45*551.3 
= 799.385 

The percentage increase in the cornering force on 

each tire will be: 

799.385-730/799.385= 8.68% 

 

This increase of downforce will allow the driver to 

take on the corner with an increased vehicle speed 

without excessive body roll. The increase in the 

cornering force generated by the tire will offer more 

resistance to the centrifugal forces during the 

cornering. The major gain by adapting a split design 

of the aerofoil was that the inactive part of the aerofoil 
poses no problem in the form of drag penalty. Also, 

there is no need for the outer tires to be loaded, so the 

outer side aerofoil remains at zero angle of attack. 

Thus, we have achieved a three-fold advantage: 

(1) Better dynamic stability of the automobile. 

(2) More cornering speeds than before which 

ultimately results in improvements in the lap times of 

a race car. 

(3) No unnecessary drag that results from the outer 

side aerofoil. 

 

The paper is entirely theoretical and hence, has many 

widespread applications in the wide world. Our 
prototype can be manufactured as per the real-world 

requirements and hence, can be tested in the wind 

tunnel after mounting on the vehicle. 

Our paper has immense scope in the automotive 

industry. Such an application has not been explored 

much and hence, the motorsports industry will be 

most benefited. A splitting aerofoil will help the race 

cars to corner much more efficiently and faster than 

before. Also, the straight-line acceleration will not be 

affected by the drag penalty and hence, there will be 

no limitation to the top speed achieved during the 

straights. 
 

VII. CONCLUSION 

 

This paper dealt with the efficient use of an aerofoil 

and its assembly for efficient cornering of the vehicle. 

The aerofoil designed during the course of the paper 

theoretically produces the expected amount of 

downforce required for the stability of the vehicle. 

The end plate is aptly designed as it covers the high-

pressure side of the aerofoil efficiently, not letting the 

high-pressure air to mix prematurely with the air 
below the wing. The improvement, in the form of 

Gurney Flap was one of the very important factors 

that influenced the final values of downforce. This 

improvement accounted for nearly 20%additional 

downforce. This flap was accurately designed to 

extract maximum amount of performance. 

Overall, the project was made considering the best 

possible parameters which provided the best possible 

performance for the required application. 
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