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Abstract 
The design for aerodynamics of front-body of a Formula-One car plays an important role on the car's performance. The 
endplates are attached at the end of front wing to reduce turbulence. Endplate deflects flow away from wheel to reduce drag. 
Proper orientation of airfoil gives maximum down-force with least drag-force acting on the front wing. For orientation of the 
airfoil, an optimum angle of attack for the wing is determined, which corresponds to maximum lift-drag ratio. The aerodynamic 
performance of Formula-One car is determined by measuring the drag-force and down-force acting on the car. Various 
geometric models of the car are created in the CAD package CATIA V5. The CFD analysis is done by using ANSYS FLUENT. It 
shows the flow pattern over the car. The behaviour of the flow is greatly influenced by the front wheels which were simulated with 
the front wing and therefore the design has to take into account the environment of the front wing. The endplates demonstrate 
their utilities as deflectors that are able to deflect the flow outward to the wheels. They also show that the additional down-force 
can be created by attaching a plate to the endplate at the end of wing.  
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1. INTRODUCTION 
Initially the designers of Formula One car were dependent on the horsepower for achieving their aim of top speed but 
recently they are trying to achieve their aim through aerodynamic forces. The aerodynamic setup for a car can vary 
considerably between race tracks, depending on the length of the straights and the types of corners; and the optimum 
setup is always a compromise between the two. Larsson T et al. [1], studied highly sophisticated body shape of a modern 
Formula One (F1) car, which is dictated by aerodynamic efficiency and performance. With numerous deflectors and 
external devices integrated to the bodywork, understanding of the coupling and interaction between the front-end and 
rear-end of the car has become very important. Minute changes in geometrical details of these components can often have 
a global impact on the overall flow topology, therefore influencing car performance. Tamás Régert and Dr. Tamás Lajos 
[2], studied the effect of rotating wheels on the flow past cars. The flow fields past wheels influences the cooling of 
brakes, underbody flow, mud deposition, drag and lift forces acting on the car body. Kyoungwoo Park et al. [3], 
performed numerical analysis for the aerodynamic characteristics of the wing-in ground effect craft with highly cambered 
and aspect ratio of one to predict the ground effect for the case of with and without lower-extension endplate. The analysis 
included varying angles of attack from 0 to10 degree and ground clearances from 5% of chord to 50%. Satyan Chandra et 
al. [4], have performed an analytical study on air flow effects and resulting dynamics on the PACE Formula-One race car. 
The study incorporates Computational Fluid Dynamic analysis and simulation to maximize down force and minimize 
drag during high speed of the race car. The study also includes optimization of wing orientations (direct angle of attack) 
and geometry modifications on outer surfaces of the car are performed to enhance down force and lessen drag for 
maximum stability and control during operation. F Mortel [7], has studied different aerodynamic devices attached to the 
front wing of the Formula-One car. This study has shown necessity of endplates to reduce drag due turbulence created at 
the end of the wing. Joseph Katz [12], has discussed typical design tools such as wind tunnel testing, computational fluid 
dynamics, and track testing, and their relevance to race car development. This review briefly explains the significance of 
the aerodynamic down-force and how it improves race car performance. 
 
2. COMPUTATIONAL FLUID DYNAMICS 
2.1. Review 
Computational Fluid Dynamics (CFD) is a computer-based technology that studies the dynamics of all things that flow. In 
Formula One racing, CFD involves building a computer-simulated model of a race car and then applying the laws of 
physics to the virtual prototype to predict what the down-force or drag may be on various components of the car or how 
the car will respond in various wind conditions, changing environmental conditions or on different road surfaces. 
2.2. Steps in Solving CFD Problem 
On the basis of important features of the problem to be solved, the basic procedural steps are given below. 
 Define the modeling goals. 
 Create the model geometry and mesh. 
 Set up the solver and physical models. 
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 Compute and monitor the solution. 
 Examine and save the results. 
 Consider revisions to the numerical or physical model parameters, if necessary. 
As the Formula One car average speed is around 55-60 m/s (around 200 km/h), the Reynolds number dealing with the 
front wing are from 106 to 3x106 (depending on the device picked on the front wing). So the flow would definitely be a 
turbulent one at the front wing surfaces. Thus a ‘k-ε’ model has been selected for analysis. 
2.3. ‘k-ε’ model (k-turbulent kinetic energy, ε- turbulence dissipation) 
The k-ε (k-epsilon) model is the industry standard two-equation turbulence model. k is the turbulence kinetic energy and 
is defined as the variance of the fluctuations in velocity. It has dimensions of (L2 T-2), e.g. m2/s2. ε is the turbulence eddy 
dissipation (the rate at which the velocity fluctuations dissipate) and has dimensions of k per unit time (L2 T-3), e.g. m2/s3.  
The k-e model, like the zero equation model, is based on the eddy viscosity concept,  

 μef = μ + μt                              (1) 
The k-ε model assumes that the turbulence viscosity is linked to the turbulence kinetic energy and dissipation via the 
relation as below, 

                           (2) 
where,  cμ = 0.09.  
The values of k and ε come directly from the differential transport equations for the turbulence kinetic energy and 
turbulence dissipation rate as shown in (3) and (4) respectively.  

              (3) 

         (4) 
where,  cε1 = 1.44,  
     cε2 = 1.92,  
      σk = 1 , 
      σε = 1.3, 
For incompressible flows,  

                 (5) 
2.4. Realizable k- ε Model 
The term “realizable” means that the model satisfies certain mathematical constraints on the Reynolds stresses, consistent 
with the physics of turbulent flows. To understand the mathematics behind the realizable k - є model, consider the 
following expression for the normal Reynolds stress in an incompressible strained mean flow, 

                             (6) 
where,    
This normal stress is always positive. It becomes negative i.e. non reliable when strain is so large to satisfy, 

                          (7) 

 
3. MODELLING THE FRONT-BODY OF FORMULA-ONE CAR 
The geometric model of the car is created in CATIA as per the technical regulations of Formula-one car given in Table 1. 
 

TABLE 1: FORMULA-ONE CAR TECHNICAL REGULATIONS 
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3.1. Modeling 
First of all, a model without endplates has developed to check endplates as flow deflectors. ‘Basic Models’ have been 
created with simple wing hanging onto nose and endplates attached to the wing ends. Then three models have been 
developed from the Basic Model with optimum angle of attack by attaching additional down-force productive plates to the 
endplate. 

 
Figure 1 CAD Model without endplates 

3.2. Basic Models 
This primary design sets a Basic Model of the front wing. Point of the front wing on the leading edge is 950mm, from the 
wheel centre as per the regulations. Base plane is taken at a height of 100mm from road. 
 

 
Figure 2 Basic Model (B1) 

 

 
Figure 3 Wing Airfoil 

 
Different Basic Models (viz. B1, B2, B3, etc) with change in angle of attack have been developed. Models are created by 
changing the angle of attack (α) from -60 to -100 so as to select optimum angle of attack for the Basic Model. To deflect 
the flow from wheels so as to reduce drag, a vertical wing (endplate) is introduced. Thickness of endplate is 32mm. It is 
assumed that the flow should remain attached on the upper surface of the wing.  
Another model has been created with a plate attached to the endplate. 
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Figure 4 Endplate 

4. MESH GENERATION 
4.1. Mesh Requirements 
The car front-body is symmetric about a central vertical plane, thus only half portion is used for analysis. As flow around 
the car model had to be analysed, an enclosure of volume (1200mm × 2150mm × 1160mm) has been created around the 
model, in “Fluent”. “Boolean” operation has been used to subtract car model from enclosure. Remaining portion has been 
used for flow analysis. 
Mesh parameters has been maintained as below: 
Minimum element size = 5mm 
Aspect ratio = 1 to 14 
Average skewness = 0.2 
4.2. Boundary conditions 
The boundary conditions have been set as follow, 
1) The inlet of the domain: 
    The air speed at the entrance, “Inlet velocity” = 60 m/s. 
2) The front body-work: 
   Set as a “wall” – stationary. 
3) The ground: 
   Set as a moving “wall” - Its speed is equal to the air velocity (60 m/s). 
4) The wheel: 
    Set a moving “wall” - The wheel was built as a cylinder and rotates around its axis at 181.82 rad/s so that it is equal to 
a speed of 60 m/s on the track. 
5) The outlet of the domain: 
    Set as “outflow” – outlet pressure is set as atmospheric pressure. 
Atmospheric pressure = 101325 Pa. 
Gauge pressure = 0 Pa. 
6) The sides of the domain: 
        Set as “symmetry” - Side that represents centre of the car as the latter was split into two sections.  
 

 
Figure 5 Boundary conditions of meshed model 

 
5. RESULTS AND DISCUSSIONS 
The analysis is based on the flow around the model using software FLUENT. The values of CL and CD for different CAD 
Models have been obtained from FLUENT after respective analysis. Convergence of solution for all models is obtained 
after about 150 iterations.  
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5.1. Performance  
The reference surface areas that are subjected to lift and drag forces give the CL and CD values. These are as follows: 

Table 2: Reference areas of CAD models 
 
Models 

Area  
For Lift (m2) For Drag (m2) 

Without endplate 0.631 0.351 
Basic  0.747 0.401 
Models 1, 2 & 3 0.756 0.407 

  
These reference areas are the projected areas corresponding to TOP-VIEW and FRONT-VIEW taken for lift and drag 
respectively. These values are taken from FLUENT for corresponding calculations. 
At 60 m/s, the results obtained from FLUENT are the following:  
 

Table 3: Results for CAD Model without endplate 

CAD Model without 
endplate 

CL CD 

Wheel 1.8241 2.7274 
Front-body -4.0315 1.7021 

 
Table 4: Results for Basic Models 

Basic Models CL CD 

 
B1 

Wheel 1.5101 2.5045 
Front-body - 4.8483 1.8467 

 
B2 

Wheel 1.2056 2.4670 
Front-body - 4.8509 1.8368 

 
B3 

Wheel 1.2001 2.3388 
Front-body -4.8962 1.7074 

 
B4 

Wheel 1.0823 2.3243 
Front-body - 5.0773 1.6794 

 
B5 

Wheel 0.9493 2.4299 
Front-body - 5.0509 1.7379 

 
Table 5: Results for Models- 1, 2 &3 
Basic Models CL CD 

 
1 

Wheel 0.7176 2.2255 
Front-body -5.3246 1.6361 

 
2 

Wheel 0.4609 2.2063 
Front-body -5.4553 1.6514 

 
3 

Wheel 0.6115 2.2792 
Front-body -5.4821 1.7375 

 

To find total lift and drag forces acting on different models, repetation of calculation is avoided by using a C-program. On 
execution of C-program, results and comparison are shown as below: 
 

 
Figure 6 Results of Basic Models & Model-1, 2 & 3 
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5.2. Observed Flow Pattern 
5.2.1. Multi-element airfoil 
Due to the slope of the two-element airfoil along the span, the flow has greatly been improved. First the fact of setting a 
gap between the lower surface of the first element and the bottom of the vertical airfoil prevents the air from rounding the 
endplates as it was expected during the design process. This avoids the depression to be affected by the air rounding the 
tip from the high pressure, on the upper surface, to the low pressure, on the lower surface (see Figure 7). 
 

 
Figure 7 Pressure distribution at 5 cm from the centre line 

5.2.2.  Flow Over Wheels 
The rotation of the wheel is simulated (see Figure 8). Wheel creates vortices near ground surface. Thus a low pressure 
area is developed behind wheel. It creates resisting drag for wheel. The turbulence generated is also responsible for 
increased drag forces on car. 

 
Figure 8 Evidence of the rotating flow around the wheel 

 

 
(a) Without endplate                 (b) Basic Model with endplate 

Figure 9 Pressure distribution on wheel surface 
 

Figure 9 provides the evidence of the performance of the endplates in term of deflection of the flow. Indeed the 
distribution of pressure on the outward side [Figure 9(b)] of the wheel shows lower pressure. That means that most of the 
flow has been diverted outward by the endplates. 
 
6. CONCLUSIONS 
The endplate permits to deflect air from the front wheels and so to reduce the drag. The lift coefficient for model without 
endplate is -2.20 and that for model B1 with endplate shows an increment up-to -3.33. At the same time drag coefficient 
for model without endplate is 4.42 and that for model B1 with endplate has reduced up-to 4.35. It also prevents the super-
pressure from the wheel to extent until the multi-element airfoil surfaces which is the most important for creating down-
force. 
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Different Basic Models have been created by changing angle of attack i.e. from -60 to -100. Among the Basic Models, 
highest value of lift-drag ratio has been obtained for model ‘B4’ which is -0.99 and corresponding angle of attack is -90. 
This is optimum angle of attack, because it is creating more down-force with least drag-force. 
The additional down-force producing plates i.e. plates attached to the endplate have improved results significantly. This 
has increased the down-force from -6917 N to -7576 N. Drag has been reduced by from 3662 N to 3390 N. Comparison 
between Model-1, Model-2 and Model-3 reveals that Model-2 with maximum inclination (at an incidence of 16.40) of the 
plate attached to the endplate increases the down-force acting on the wing.  
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