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Abstract— Aerodynamics is a branch of Fluid dynamics
concerned with studying the motion of air, its interaction
with a solid object, such as an airplane wing, automobile body
etc. Aerodynamic of passenger car model by comparing
experimentally and subsequent validation by computational
fluid dynamics (CFD) without and with the use of wind
deflectors has been done. The experimental investigations
was performed on an open circuit suction type wind tunnel
having a 30 cm x 30 cm x 100 cm test section, and maximum
speed of 35 m/s on a geometrically similar, reduced scale
(1:15) Wood car models .while the three dimensional
computational analysis was carried out using with the help of
software tools like ANSYS-FLUINT to simulate the flow of
air around the automobiles ANSYS-FLUINT, CFD code
were used to run the simulation. The objective of the study is
to predict the drag coefficient experimentally as well as
computationally. As the drag force has direct dependence on
the economy of vehicle, drag force will be calculated by CFD
and Wind tunnel experiment. Several factors that influence
the drag coefficient such as flow separation, vortex and the
effect of pressure coefficient have been studied. Detail
velocity profile and pressure distribution plots around the car
envelopes have been presented.
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. INTRODUCTION

A. Aerodynamics

Aerodynamics is a branch of Fluid dynamics concerned with
studying the motion of air, particularly when it interacts with
a solid object, such as an airplane wing, automobile body
etc. Aerodynamics is a sub-field of fluid dynamics, gas
dynamics and many aspects of aerodynamics theory are
common to these fields. The term aerodynamics is usually
used synonymously with gas dynamics, with the difference
being that "gas dynamics" applies to the study of the motion
of all gases not limited to air.

Automotive  aerodynamicsis the study of
the aerodynamics of road vehicles. Main goal of
aerodynamics is  reducingdragand  wind  noise,
minimizing noise emission, and preventing
undesired lift forces and other causes of aerodynamic

instability at high speeds. For some classes of racing vehicles,
it may also be important to produce down force to improve
traction and thus cornering abilities.

It should be stressed that above the speed of
70km/Hr. (43.5mph) aerodynamic drag exceeds 50 percent of
the total resistance to motion and above 100km/hr. (62mph).
It is most important factor.

Drag, in vehicle aerodynamics, is comprised
primarily of two forces. Frontal pressure is caused by the air
attempting to flow around the front of the car. As millions of
air molecules approach the front grill of the car. At the same
time, the air molecules traveling along the sides of the car are

at atmospheric pressure, a lower pressure compared to the
molecules at the front of the car.

B. CFD

Computational fluid dynamics (CFD), using computer
simulation, analyses systems of fluid flows, heat transfer, and
associated phenomena such as chemical reactions. Examples
of areas CFD can be applied to are; design of internal
combustion engines, aerodynamics of aircrafts and vehicles,
meteorology (weather prediction), and external environment
of buildings (wind loads and ventilation). CFD has many
advantages over experiment-based approaches, such as
reduction of lead times and costs of new designs, study
systems under hazardous conditions, systems that are
impossible to study with controlled experiments and, the
unlimited level of detail of results.

C. Car Model

The model in this study was selected based on the following
criteria.

The model had to take body features of actual car
and easy to make

The model should have important component such
as wheels and wheel housing, window etc.

With the availability of published experimental data
and the advantage of simple surface geometry, the MIRA
REFERENCE car became a popular test case when CFD
appear as the tool for automobile aerodynamics.

The MIRA REFERENCE car models are simplified
vehicle car models which are very close to real vehicle.

Based on this requirement 1:15 simplified
notchback model of MIRA REFERENCE car for this study
was selected. The model scale was found out by the blockage
ratio of wind tunnel experiments.

Tests will be conducted on a geometrically similar,
reduced scale (1:15) , differing from actual car only in size
and simulating dynamically similar flow situations as it
would be enormously expensive to engineer and build a full
scale car for wind tunnel testing just to find out if the design
is acceptable.

Fig. 1: Mira Car Model

All rights reserved by www.ijsrd.com 914



Comparative Assessment of Aerodynamic Forces Generated Due to Wind Deflector of Passenger Car by CFD and Experimental Method

(IJSRD/Vol. 4/Issue 03/2016/244)

Table 3 along fig 3 is given to show the dimensions of the
model as taken from car.Table for dimensions of mira
car(scaled model)

Feature Dimension (mm)
Overall length 277.8
Overall width 108.4
Overall height 94.8

Wheelbase 169.4

Track 84.6

Bonnet length 70.20
Front canopy length 119.4
Rear end length 72.48
Boot length 15.72
Front overhang 35.6
Canopy height 33.8
Lower body height 47.40
Ground clearance 13.6
Frontal area 0.010 m2

Table 1: Dimension of Mira Car

I1. WIND TUNNEL EXPERIMENTAL SETUP

A. Wind Tunnel Theory

This is open circuit suction type wind tunnel.

It consists fan generally driven by an electrical
motor. The location of the driving unit is last the tunnels.

The flow of a fan is settled in a large chamber called
the settling chamber, this is provided with wire gauzes and
arrays of the honeycomb to straighten the flow and remove
irregularities in it. On account of very low flow velocity, near
stagnation condition exits in the settling chamber.

The settling chamber supplies the flow to the
contraction located downstream. This is carefully designed to
accelerate the flow from the settling chamber to the test
section velocity with minimum disturbance.

The contraction or the nozzle feed the test section
with jet of uniform velocity. The model to be tested is fixed
here with suitable supports. A transparent window of strong
glass is provided on one the side wall of the test section.
These facilities in handling the model and the instruments and
also permits optical measurements in the flow over the model
surface.

The diffuser collects the flow from the test section
and raises the pressure of the air for discharging it into the
atmosphere. Boundary in the diffuser should be minimized
the diffuse throat is often made flexible, this allows the throat
area is reduced for optimum running condition.

B. Wind Tunnel Specification

— It has a test section cross section of 30cm x 30cm
and 100cm long with thick Plexiglas window

— Itis asuction type wind tunnel.

—  The maximum rpm attained by the drive is 2500.

— Rating of motor is 5 KW

— Variable speed is 5-40 m/s

Fig. 3: Car Model Inside Wind Tunnel

C. Blockage Ratio

The blockage ratio of model is the ratio of the frontal-area of
the model to test-section-area
The blockage ratio should not exceed 15%
Tunnel test section specification:30cm x 30cm x 100cm
frontal area is = 900 cm?
Model specification:27.78 cm x 10.84cm x9.48cm
Frontal surface area of the model =10.84x9.48 =102.763 cm?
Blockage ratio = 102.763/900=0.1141

Since the blockage ratio is within 11.41% the model
can be suitably tested in the test section The scaled model
with tubes is placed in the test section the other ends of the
tubes are connected with the ports available in the multi tube
manometer. From the reading of manometer pressure values
are carried out to find the pressure variation on the surface of
the base model. The measurement is carried out with the
different velocities of air and the pressure values are
tabulated.

I1l. NUMERICAL METHOD

The road vehicles are low Mach number transport tools, and
the present research mainly was carried out to investigate the
steady aerodynamic characteristic of these vehicles. So the
steady state Reynolds Averaged Navier-stokes (RANS) was
employed in current research. Compared to other turbulence
models, the realizable k-g (Shin et al. 1995) model was more
accurate to predict the related aerodynamic parameters in
vehicle aerodynamics (Wojciak et al. 2012). In this model, a
new model dissipation rate equation (based on the mean-
square vorticity fluctuation at large turbulent Reynolds
number) and a new realizable eddy viscosity formulation
were constructed. Therefore, this model is more suitable for
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a variety of flows, including mixing layers, planar and round
jets, rotating homogenous shear flows, boundary layers with
adverse pressure gradients and flows with separation induced
by the geometry of the domain. For a steady incompressible
flow, the modeled transport equation for k and & were given
by (Shin et al. 1995):

2) Boundary Condition
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where k is the turbulence kinetic energy, € is the
dissipation rate of turbulence energy, Pk is the shear
production of turbulent kinetic energy, vt is the turbulent eddy
viscosity, S is the modulus of the mean rate-of-strain tensor,
v is the kinetic viscosity, ui (i=1,2,3) is the velocity
component, xi (i=1,2,3) is cartesian coordinates

In  vehicle aerodynamic, the aerodynamic
characteristic is reflected by the aerodynamic force
coefficient. In current research, the aerodynamic coefficients

Temperature (k) || 233, 16

Velodty {m/s) || 34,99997

Viscosity (kg/m-s) || 1.7894e-05

Pressure (pascal) || o |

Ratio of Specific Heats || 1.4

Fig. 5: Boundary Condition
Governing equations
For velocity
V =\2 g hwhair
Finding co-efficient of drag
F=Cd12pAV2
Reynold number

Re=pvlLiu
B. Result Table
SR . . Persentage
NO. velocity | experimental cfd variation
cd cd cd
1 25 0.3225 0.3312 2.6
2 30 0.3642 0.3715 2.0
3 35 0.3948 0.4012 1.6

were obtained by experiment and numerical simulation to
compare the aerodynamic characteristic of the different rear
shape.

1) Meshing Of Base Model

Table 2: Result Table

Fig. 6: Cd vs Velocity Graph
From the result table and CFD we can say that oue
base model is validated.
Now we perform only experimental for the model to
find drag coefficient

= . Lottve) =
R
[ 1]

Fig. 4: Meshing Of Car

IV. EXPERIMENTAL SETUP FOR THE CAR WITH DEFLECTORS

For the current study wind deflectors are used for analysing
the flow in the wind tunnel.
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Fig. 8: Experimental Setup for Car with Wind Deflectors

A. Experimental Data

SR velocity | experimental
NO.
Cd
1 25 0.3195
2 30 0.3495
3 35 0.3892

Table 3: result table

V. CONCLUSION

From the result table it can be shown that drag force will
reduced by some amount when we used the wind deflectors.
The side wind deflectors will smoothen the air flow at the side
of car and it will reduce the coefficient of drag. The drag
coefficient is being reduced by 4% to 6% with the use of wind
deflectors.
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