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Abstract— Numerical prediction of incompressible turbulent 

flow has been performed on a passenger car body moving 

with a velocity of 11.11 m/s (40 km/hr). CATIA, 3D 

modeling software was used to model 3D surface modeling 

of the car. FLUENT, the computational fluid dynamics 

code, which in-corporate k-ε turbulence model and 

segregated implicit solver was used to perform computation. 

The aerodynamic analysis was performed to study the flow 

behavior of the air over the car body. The analysis includes 

the contours of pressure and velocity that impacts the car 

body followed by an evaluation of the coefficient of lift and 

drag. In the present work, model of generic passenger car 

has been developed in CATIA and generated the wind 

tunnel and applied the boundary conditions in FLUENT 

platform then after testing and simulation has been 

performed for the evaluation of drag coefficient for 

passenger car. In another case, the aerodynamics of the most 

suitable design of tail plate is introduced and analyzed for 

the evaluation of drag coefficient for passenger car. The 

addition of tail plates results in a reduction of the drag-

coefficient and lift coefficient in head-on wind. Rounding 

the edges partially reduces drag in head-on wind but does 

not bring about the significant improvements in the 

aerodynamic efficiency of the passenger car with tail plates, 

it can be obtained. Hence, the drag force can be reduced by 

using add on devices on vehicle and fuel economy, stability 

of a passenger car can be improved. 
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I. INTRODUCTION 

The fuel consumption of car has become crucial to think 

about as emission of CO2 in the environment has shown 

negative consequences. The study of aerodynamics involves 

the drag force that opposes the motion of a car, this have 

considerable contribution in the consumption of fuel. The 

coefficient of drag varies from car to car; hence 

manufacturers allot big proportion of their attention to 

aerodynamics. There are many regions in the car that 

contributes in increasing the drag coefficient; in this study 

they all have been encountered. A number of aerodynamic 

tools are seen in the market today to decrease the impact and 

weaken those regions. In this study a number of devices 

have been designed and analyzed for decreasing the drag 

force. The action of considerable down force is also 

advantageous when driving at high speeds. Some devices 

have been designed for achieving that. The down force 

increases the traction of the car hence bestowing Stability. 

The down force is very significant when measuring the 

performance of a car, since the presence of this allows to 

corner at high speed. Vortex generators and front bonnet 

duct are applied to contribute in reducing the drag 

coefficient while ground clearance, diffuser and rear wing 

for increasing the negative lift force. At the first drag 

coefficient has been considered followed by the negative lift 

coefficient. 

II. STEPS IN SOLVING PROBLEM 

 

III. CAD MODEL 

The main geometric parameters of the car model are referred 

to Figure.1 and the length unit is m. CATIA, 3D modeling 

software was used to model 3D surface modeling of the car. 

In the present work, model of generic passenger car has 

been developed in CATIA and generated the wind tunnel 

and applied the boundary conditions in FLUENT platform 

then after testing and simulation has been performed for the 

evaluation of drag coefficient for passenger car. 

 
Fig. 1: Image of the Model 
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IV. CFD SIMULATION 

Domain is a requirement for external flows analysis.It is a 

box filled with fluid and has boundaries. These boundaries 

are given conditions and the fluid is given a motion. The 

accurate result from CFD though is impossible but least 

error can be achieved with an appropriate size of domain. 

Considering this the suitable Size used for this type of 

analysis is demonstrated pictorially in Figure. 2. 

 
Fig. 2: Illustration of Domain Size 

The height and the width of the domain were 

allotted 2 times the Length (2L).  

On the other hand the boundary condition for the 

flow is also an important factor. Boundary conditions used 

for this analysis are given in Tab. 1. 

VELOCITY INLET 11.11 m/s 

PRESSURE OUTLET 0 Pascal 

TOTAL TEMPERATURE 218 K 

OPERATING PRESSURE 101325 Pascal 

Table 1: Boundary Conditions 

CONTENTS 
COEFFICIENT 

OF LIFT 

COEFFICIENT 

OF DRAG 

WITHOUT 

TAIL PALTE 
0.194 0.430 

Table 2: Coefficients For Without Tailplate Model 

Once the simulation was achieved forces acting in 

the horizontal and vertical direction were calculated. The 

horizontal axis and the vertical axis represent drag and lift 

respectively. The coefficient reported for the individuals are 

shown in Tab. 2.The positive sign for the drag represents the 

force in an opposite direction to the motion of the car 

whereas for the lift coefficient presents the vertically 

upward acting force. 

V. CFD SIMULATION 

The first approach for the optimization involves the detail 

study and analysis of the basic model. To read the flow and 

encounter the regions responsible for high drag is the main 

purpose of this step. The analysis of the basic shape presents 

the value of drag coefficient as 0.430 and the lift coefficient 

as 0.0944. The coefficient of lift obtained gives an idea 

about the behavior of car at the speed of 40Km/hr. The air 

exerts the force on to the car that lifts the car of the ground 

assisting instability rather than pushing it into the ground. 

Primarily the drag coefficient has been targeted to be 

reduced. The images below show the flow of air around the 

car and further shows the detailed analysis of the regions 

strengthening the drag coefficient. 

 

 
Fig. 3: Pressure Contour across the Car 

The front of a car stagnates the air hence increases 

the pressure; this causes the good proportion of high 

pressure region. At the inclined front windscreen due to 

sudden high angle the pressure also seems to be increasing 

to the level of yellow region that is consider as high pressure 

as well. Across the windscreen at the top the velocity 

increases again causing reduction in pressure. Finally at the 

rear declining angle the pressure increases due to flow 

separation occurring. 

In order to decrease the drag coefficient these high 

regions are to be considered and optimized. 

 
Fig. 4: Turbulence Contour across the Car 

Behavior of air streams shows the occurrence of an 

immense flow separation region behind the car. Vortices are 

generated because of pressure differences of the air exiting 

top of a car and the under the car. The flow separation and 

the production of vortices at the rear of  the car also 

increases the drag coefficient hence has to be accounted. 

VI. TAIL PLATES 

First, a background on vehicle aerodynamics will be 

covered, including explanation of the concepts. Next, the 

procedure for building a basic model, including the 

passenger car and wind tunnel, along with dimensions and 

simulation parameters, will be developed. The basic model 

will then be compared with a reputable benchmark to 

confirm validity of the simulation setup and corresponding 

results. Once the basic simulation model is benchmarked, it 

will then be modified to include the external drag reduction 

devices. The Tail plates are placed at back side of the roof 

and at the tail bumper of the passenger car at 12o inclination 

angle. The arrangement of them is shows in the figure 5. 
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Fig. 5: Image of the Model with Tail Plates 

 

Fig. 6: Meshing of the Model with Tail Plates 

 

Fig. 7: Pressure Contour of the Model with Tail Plates 

 

Fig. 8: Velocity Streamline of the Model with Tail Plates 

VII. RESULT 

CONTENT

S 

COEFFICI

ENT OF 

LIFT 

COEFFICI

ENT OF 

DRAG 

% DRAG 

REDUCTI

ON 

WITH TAIL 

PALTE 
0.194 0.430 

0.078 
WITHOUTT

AIL PLATE 
0.174 0.352 

Table 3: Comparison of Results 

 

Fig. 9: Comparison between Pressure Contours 

 

Fig. 10: Comparison between Pressure Contours 

VIII. CONCLUSION 

The main objective to estimate the drag coefficient and flow 

visualization is achieved. Aerodynamics drag for my car is 

0.430 and with tail plate is 0.352 at ranging velocity 

between 40km/h. The analysis shows aerodynamics drag in 

term of drag forces or drag coefficient proportionally 

increased to the square of velocity. The contour plot of 

velocity and pressure were shown the in aerodynamics drag 

analysis as a visualization analysis. The pattern of 

visualization for every velocity depict quite same either for 

velocity contour plot or pressure contour plot.The project of 

CFD simulation over a passenger car for aerodynamic drag 

reduction is done and the drag is reduced by 0.078%.. Hence 

it is achieved by a popular software packages like CATIA 

V5r18, HYPERMESH, AND FLUENT. 
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