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Abstract 

The primary objective of this study is to compare the aerodynamic impact and stability of 
passenger vehicle which are used in India. To measure and compare the aerodynamic drag of 
two car models widely used on Indian roads in north India, computational fluid dynamics 
simulation using FLUENT software was used to visualize airflow around the car geometry. CFD 
analysis achieved was used to analyse the critical places in geometry which result in 
unfavourable aerodynamics of moving car. The aerodynamic drags on the baseline models at 
different sides of the cars (i.e., front faring, side skirting and gap filling) were measured for both 
the vehicle operating at same speeds and yaw angles, and with different combinations. The 
results show that the different car geometry has notable impact on aerodynamic drag and 
stability.  
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Introduction 

In automobile sector or and many other industries one of the objective of any work measurement technique is to 
reduce the work content and effort to improve the productivity of the process [6]. The challenge is to provide just 
in time, mass customization to maximize value @ design to manufacture to assembly of engineered products [4]. 
The external car body shape plays an important role in the automotive industry as it influences vehicle’s 
performance. The comfort, fuel performance etc all are influenced by vehicles external shape [5]. For this purpose 
the car shapes are analysed for stability using various techniques [1]. Conventionally wind tunnel experiments 
were used which were cumbersome and time consuming but now-a-days, CFD analysis has also become more 
popular as it helps to reduces number of experiments significantly [3]. Thus computational and experimental 
investigation finds wide applications in engineering fields for carrying out analysis now-a-days [9]. The importance 
of aerodynamic shape can be seen from simple example that if velocity of racing cars is increased from 250 km/h 
to 300km/h without altering its shape, we need increase its power from 400 hp to 550 hp. An alternate solution 
to this is decreasing coefficient of drag [7]. Thus vehicle designs are altered for design in such a way that they 
have reduced drag coefficient [8]. It therefore makes a case for the present work as the accent on newer car 
development embraces intently the dwindling resources and/or constraints, on various fronts, including design or 
materials, or even concepts around which cars were developed [10]. When vehicle moves in air there is two main 
concerns area is front area with increased pressure and rear vacuums which is need to be minimum for minimum 
drag forces [11]. Few sites of pressure distributions, which must be taken care of while designing are shown in 
figure 1.  
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Lift is upward force on the body during
body in fluid. Another term is down force

Objectives of Study 

The objective of the work is to compare
stability of two different cars widely
year 2016-17 using CFD analysis. 
GAMBIT and ANSYS FLUENT are employed
of aerodynamics flow. Maruti Suziki
Hyundai Creta are the two Indian cars
the study. Side contours of both 
generated using design specifications
analyse that which car has better external
terms of drag or aerodynamic stability

Methodology 

There are two ways, as I have already
analyze external shape any mechanical
wind tunnel and computational fluid 
Due to financial limitation and better
will go for CFD. This analysis also gives
pictures to understand fluid flow. We
software for designing and meshing,

Figure-2.Car design
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Figure 1.Aerodynamic Drag in Car 

during moving of the 
force. 

compare aerodynamic 
widely sold in India in 

 The software’s 
employed for analysis 

Suziki Baleno and 
cars are selected for 

 car models are 
specifications of these cars to 

external shape in 
stability.  

already stated. to 
mechanical device: The 

 dynamics (CFD). 
better efficiency we 
gives us some visual 
We will use gambit 

meshing, ansys fluent as 

solver and post processing.
followed: 

Step 1: The first step in this
models of both the cars.
prepared using software
dimensions 

Step 2: Mesh generation: After
next step was to obtain mesh.
quads and triangular elements.
was given near the contour to

Step 3: Specifying boundary 
conditions for this problem 
bodies were set as WALL, the
of wind tunnel were also set
virtual box is set as VELOCITY
OUTLET.  

Step 4: Exporting the file 
specifying boundary conditions
to be solved in Ansys FLUENT.
the model files from GAMBIT
“.msh” file. 

design with mesh generation and boundary condition

J. Adv. Res. Prod. Ind. Eng. 2017; 4(1&2) 

4 

 

processing. Following are the steps 

this project is to create 2D 
cars. Both the models are 

software gambit with actual 

After drawing the model the 
mesh. Meshing consists of 

elements. Small meshing space 
to obtain accurate results. 

 conditions: The boundary 
 were the contour of car 

the upper and lower edges 
set as WALL, the inlet of our 

VELOCITY and outlet as PRESSURE 

 in Ansys FLUENT: After 
conditions the problem was now 

FLUENT. For this we exported 
GAMBIT to FLUENT by creating 

 
condition 
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Step 5: Defining problem in FLUENT:
conditions for the certain lines of
configured in GAMBIT. Velocity of the
boundary condition is set in FLUENT with
km/h and with temperature of 300
boundary condition is set to pressure
atmospheric pressure. Car contour, top
virtual wind tunnel is set as wall. The
set as 1.225 kg/m3 and viscosity of air
N-s/m2. 

Results 

Computational fluid dynamics simulation
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FLUENT: The boundary 
of domain were 

the air at the inlet 
with value of 100 

300 K. The outlet 
pressure outlet with 

top and bottom of 
The density of air is 

air is 1.7894 10-5 

simulation using 

FLUENT software was used to
the car geometry. CFD analysis
analyse the critical places in 
unfavourable aerodynamics 
and 4 shows the velocity contours
having different geometry. 
shows pressure contour of the
factors play vital role in 
contour of these cars are also
Figure 7 and 8 as turbulence
"rear vacuum" portion of 
created by this detachment
flow to parts of the car which

Figure 3.Velocity contour for CRETA 

Figure 4.Velocity contour of BAlENO 

Figure 5.Pressure contour of CRETA 
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to visualize airflow around 
analysis achieved was used to 

 geometry which result in 
 of moving car. Figure 3 

contours of two Indian cars 
 Similarly Figure 5 and 6 
the same cars. Both these 

 car stability. Turbulence 
also generated as shown 

turbulence generally affects the 
 the car. The turbulence 

detachment can then affect the air 
which lie behind the mirror.  
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Figure

Conclusion 

Figure 3 and 4 show velocity contours
than increases away from the car front.
Figure 3 and 4, it can be seen that in
plot of Baleno car (refer figure 
magnitude increases with a higher 
means that air resistance is smaller,
Hundai Creta car (refer figure 3) it is increasing
rate which means high aerodynamic
Hyundai Creta.  

Figure 5 and 6 shows pressure contour
flows over the car hood, pressure is
when reaches the front windshield
increasing. When the higher pressure
the windshield travels over the 
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Figure 6.Pressure contour of BALENO 

Figure 7.Turbulence contour of CRETA 

Figure 8.Turbulence contour of BALENO 

contours. Air velocity 
front. By comparing 

in case of contour 
 4) the velocity 
 gradient, which 

smaller, and in case of 
increasing at low 

aerodynamic drag in case of 

contour .As the air 
is decreasing, but 

windshield it briefly 
pressure air in front of 

 windshield, it 

accelerates, causing the decreasing
figure-5). This lower pressure
force on the car roof as the air
shown that the baleno (figure
smaller amount of pressure in
Crete (figure-5). 

Figure 7 and 8 shows turbulence
both case of car geometry. It
intensity in front of the car in
is less than that of Creta (figure
from contour colors, it can 
baleno there is less turbulences
turbulent zone is cleaner. As
force is results in better car
traction, thus from the analysis
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decreasing of pressure (see 
pressure literally produces a lift 

air passes over it. It is also 
(figure-6) car geometry has 

in front of car than that of 

turbulence intensity contours for 
It is seen that Turbulence 

in case of Baleno (figure 8) 
(figure 7).As it is presented 

 be seen that in case of 
turbulences behind the car and 

As higher amount of down - 
car stability and increases 

analysis of velocity contours 
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we conclude that aerodynamics of BALENO is better 
than that of CRETA. 

The paper is in line with the thought process that the 
cars of future will respond to infrastructural 
constraints more proactively. Be it to meet road 
safety, flexibility & parking ease, or simply for 
responding to SHEQ [12]. 

Future Scope 

With further advancement in computer capability of 
computers we can also analyze the 3-D car models 
within stipulated time. Also more multiple number/ 
types of different cars can be compared in similar 
manner. 
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