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Abstract— Aerodynamic force plays an important role in
vehicle performance and its stability when vehicle reach at
higher speed. Now a day the maximum speed of car has
been increase above 180km/hour but at this speed the car
has been greatly influenced by drag and lift forces. So the
researches are mainly focused in reduction of co-efficient of
drag and lift in car model at higher speed. Even though the
various techniques are found by researches for improving
vehicle performance and its stability still, we need for
further improvement. So, implementing “AIR-DAM’ or
“FRONT SPOILER” as an aerodynamic add on device at
front portion of the vehicle. The various shape of AIR-DAM
is analysis to obtain the efficient one to reduce the
aerodynamic lift forces. MIRA car reference fast back
model is use to analyses to AIR-DAM.
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I. INTRODUCTION

Aerodynamics is a branch of Fluid dynamics and it is
concerned with studying the motion of air or gases,
particularly when it interacts with a solid body object, such
as an airplane wing and any other object. Aerodynamics is a
sub-field of fluid or liquid dynamics and gas dynamics, and
many area of aerodynamics theory are common to these
fields. Automotive aerodynamics is the study of the
aerodynamics of a road vehicles and Its main goal is
reducing drag. aerodynamic other goal is reducing wind
noise, minimizing noise emission, and preventing undesired
lift forces and other causes of aerodynamic instability at
high speeds. For other are means racing vehicles, it may
important to produce down-force to improve traction and
thus result is improving cornering abilities. Car aerodynamic
makes the car safer and make it more fuel efficient. It is use
in most of the car today specially in race car because there is
more need of aerodynamics in high speed car.
Understanding the motion of air around an object enables
the calculation of forces and moments acting on the object.
In many aerodynamics problems, the main and fundamental
forces on the object are: lift, drag, thrust, and weight. Of
these, lift and drag are aerodynamic forces, i.e. forces due to
air flow over a solid object. Calculation of these quantities is
often founded upon the assumption that the flow field
behaves as a continuum.

Computational fluid dynamics, usually known as
CFD, is a branch of fluid mechanics. CFD uses numerical
analysis and algorithms to solve and analyses problems that
involve fluid flows. Computational fluid dynamics is the use
of applied mathematics, physics and computational software
to visualize how a gas or liquid flows -as well as how the
gas or liquid flows past the object and affect it.
Computational fluid dynamics is use the Navier-Stokes
equations. These equations describe how the velocity,
pressure, temperature, and density of a moving or stationary
fluid are related.

An AIR-DAM is usually a shaped part of the lower
portion of the front bumper of a car. It is sometimes called a
"lip spoiler" or "front lip" or “front spoiler”. It can be
molded as part of the front bumper, or it can be a separate
part of the car. AIR-DAM is attached at the front lower
portion of the front bumper. Spoilers on the front of a
vehicle are often called AIR-DAM, because in addition to
directing air flow they also reduce the amount of air flowing
underneath the wvehicle which generally reduces
aerodynamic lift and drag.

Il. EXISTING LITERATURE

1. W.R. Stapleford in this paper he was do modification in
two phases, and the result determined from the measurement
in the MIRA full scale wind tunnel. In first phase add on
device were fitted, both individually and in combination to
the front end, A post, and rear edge of the roof and boot the
wheel-arches and the underbody. The second face involves
integration of the best “add-on” devices into the basic body
work of the car, together with modification to the
windscreen and A-post and to the engine cooling system.

From phase-1 compare with baseline drag
coefficient of 0.45, the best combination of device gave drag
reduction of 20%. From phase-2 the drag was reduced by
30% from the base line value. Although the phase 1 and 2
target were not quite mat, the actual drag coefficient
achieved both being just over 5% too high, at 0.36 and 0.32
respectively
2. Sathish Kumar K Rajamanickam C S, they examine that
the aerodynamic drag force acting over the car body using
CFD analysis and results were validated experimentally by
conducting the wind tunnel test. they determined the drag
force acting over the car body by both numerical and
experimental method. A scale down car model is used for
the CFD analysis.

The co-efficient of drag value obtained from the

analysis process is validated by the experimental procedure
by means of wind tunnel test. Both the results exhibit same
range of Cd values with a variation in the acceptable range
between 5 to 20%.
3. Harun Chowdhury, HazimMoria, Abdulkadir Ali, Iftekhar
Khan, Firoz Alam and Simon Watkins and their primary
goal of this study is to determine the aerodynamic impact on
commercial vehicle (i.e semi-trailer truck) by using various
fuel saving devices. To calculate the aerodynamic drag
produced by the demi trailer-truck, a wind tunnel was
undertaken wusing a 1/10th scale model truck. The
aerodynamic drags on the baseline vehicle including other
different external attachments like gap filling, front faring
and side skirting were measured for a range of vehicle
operating speeds and different yaw angles, and with
different combinations.

The aerodynamic fairings have notable impact on
aerodynamic drag. The external device front fairing alone
can reduce around 17% of drag. More drag reduction up to
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26% may be possible using various combinations of
aerodynamic fairings in different parts of the truck body.
Thus, the semi-trailer truck with maximum amount of
surface area covered can enhance the drag reduction
performance.

4. M. G. Yazdani, H. Ullah, T. adries and R. Zainulariffin
they were defining aerodynamics forces on saloon car with
and without the body kit. they select Two cars for this
project namely Nissan 350z and Mazda RX-8. for analysis
they were used standard specified body Kkits. The
aerodynamic analysis is made using wind tunnel equipment.
to see air flow, they made flow visualization technique.
From the experimental measurement, the stability of the car
with and without body kit is discussed.

A car installed with body kit have higher
coefficient drag compared to a car without body kit, for all
the investigated range of Reynolds number and angle of
attack. This holds true for both types of the cars investigated
in this research. For Nissan 350z, the lift is lower with the
body kit whereas for Mazda RX-8, it is higher with the body
kit. A sharp increase in loss of energy due to drag for a car
fitted with a body kit. The increase in loss of energy is about
two times for any speed. from that they found that body kit
has and adverse effect on fuel consumption due to drag. It is
found that increase in co-efficient of drag for both the cars is
50% with the body kit foe almost all range of Reynold
number (Re) and angle of attack (AOA). If there is a
significant side wind this might create enough side force to
topple the car with body kit
5. Sneh Hetawala, Mandar Gophaneb, Ajay B.K.c,
Yagnavalkya Mukkamalad, they describe the design and
CFD analysis of a Formula SAE car. A numerical study of a
rear engine SAE race car is presented. Main aim of this
study is to investigate the aerodynamics characteristics of a
SAE race car with and without front spoiler, and with
firewall vents and enhance the vehicle stability and reduce
the drag. For aerodynamic analysis they used ANSYS
Fluent software to perform a turbulent stimulation using k -
€ model of the air flow on the SAE race car. Comparative
study is done on three type car models by carrying out CFD
simulations. Cutting out the section of firewall and
providing wing at front end.

They were found that the Drag co-efficient is to get
reduced from 0.85 for the standard race car to 0.70 for the
modified car with front wing, whereas negative lift is
increased from 0.2 for standard SAE race car to 0.25 for the
model 3. The pressure at firewall found to be reduced for the
modified cars due to providing space to flow the air through
cut out section, where drag is reducing because flow
remains attached. Thus overall pressure near the SAE car
driver head region is reduced from 340 Pa to 80 Pa. for the
modified car with front wing. Velocity of air is found to be
increase below the stagnation point of car from 26 m/sec to
32 m/sec for model 3. Whereas more wake region is found
for standard race car at the rear end . Model 3 shows less
drag and lift because it having wing at the front end and
having cut section at firewall and also shows better
aerodynamics characteristics than other two models.

6. W. Kieffer, S. Moujaesand N. Armbya, on this study for
performance they were using the Star-CD CFD code to
perform a turbulent simulation using a k—e model of the
airflow on the front and rear wings of a Formula Mazda car

with different angles of attack and the effect of the ground
clearance on the front wing. Results are presented
graphically, showing pressure and velocity distributions and
lift and drag coefficients for the different cases. It was
shown that the ground effect has a marked effect on the
Coefficient of lift and that the angle of attack has a
significant effect on the lift coefficient and drag coefficient,
and it was shown that an angle of attack below the
horizontal seems to indicate stalling conditions.

These results indicate that for design purposes,
consideration of the front airfoil of race car has to be taken
with the effect of the ground for the proper overall stability
consideration and handling of the Mazda race car. For both
airfoils, the hydrodynamic performances of the foils are
significantly affected by the angle of attack and need to be
considered for the overall handling of the car. These values,
along with experimental validation and an overall analysis
of the forces on the particular steering mechanisms of these
race cars. For enhancing the optimum handling of these
vehicles race track condition is needed.

7. Bhagirathsinh H. Zala, Harilal S Sorathia, Dinesh L.
Suthar, and Vashant K. Pipalia, Research is about the
aerodynamic of sedan car model by comparing
experimentally and subsequent validation by computational
fluid dynamics (CFD). The experimental investigations were
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 33 m/s on a geometrically similar. Car
model scale is reducing up to 1:20 and made from
aluminum. while the three dimensional computational
analysis was carried out using with the help of software
tools like ANSYS-CFX to simulate the flow of air around
the automobiles ANSYS-CFX, CFD code were used to run
the simulation. The main objective of the study is to predict

the drag coefficient experimentally as well as
computationally.
Drag force of sedan car is obtained

computationally. And it has a higher value than obtained
experimentally by 11%. Drag coefficient decreased initially
after then with further increase in Reynolds number
Coefficient of drag attended almost constant value.
Distribution of Pressure obtained experimentally is in
agreement with prediction that distribution of the pressure
remains low down over nose, the back light and on to the
trunk because of the continuing curvature or the streamline
shape. The front radiator zone displayed higher pressure
contours. They were defining the pressure contours obtained
by CFD at different velocity are identical with those
obtained experimentally.

8. Bao Hai-tao, he used CFD software as the platform and
the car as the research object, the air’s resistance
coefficients and speed are solved by using RNG k-e
equations and dynamic mesh method. For discrete the
governing equations he used The finite volume method. for
the study he used the 1:1 simplified model of Mitsubishi
cars and simulated, and the aerodynamic characteristics of
cars with or without spoilers were studied.

The results show that, for the car model without a
rear spoiler have high vortex at the rear end and the air
flows back seriously. After installing the rear spoiler, the
wake got well control, wake vortex was weakened
significantly and the back phenomenon decreased a lot. By

All rights reserved by www.ijsrd.com 877



A Review on Design Optimization of Air Dam for Lift Reduction of a Car
(IJSRD/Vol. 3/1ssue 12/2016/228)

adding a reasonable rear spoiler to improve the distribution
on car surface pressure, or it is reducing aerodynamic lift
effectively. It is proved that the numerical results are
consistent with the test ones. It is proved that the numerical
simulation of automobile air flow with dynamic grid in CFD
software is feasible, and which provides the references for
the development of automotive products with spoiler.
9. R. B. Sharma, Ram Bansal, this work proposes an
effective numerical model based on the Computational Fluid
Dynamics (CFD) approach. for obtaining the flow structure
around a passenger car with Tail Plates they used CFD.
ANSYS-14.0 is used for the experimental work of the test
vehicle and grid system construction. 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 objective is to reduce
aerodynamic drag acting on the passenger car and thus
improve the fuel efficiency of vehicle.

In this analysis, the coefficient of drag has been
reduced 3.87% and coefficient of lift is reduced 16.62%.
Hence, to reduce the drag force on vehicle the Tail Plates is
the effective tool. Hence, by after use using add on devices
on vehicle the drag force can be reduced and fuel economy
also reduce and stability of a passenger car can be improved.

I1l. CONCLUSION

The complexity of automobile aerodynamics is not limited
only for drag reduction. The generation of down-force and
its effect on lateral stability in vertical direction has a major
effect on car performance, particularly when high-speed
turns are involved. For the process of designing and refining
current car shapes, all aerospace-type design tools are used.

Because of effects such as vortex flows or boundary-layer

transition, flow separations the flow over most types of cars

is not always easily predictable. Engineering decisions must
rely on combined information from track, wind tunnel, and

Computational fluid dynamics (CFD) tests.

— Without an AIR-DAM, driving your cars in high
speeds becomes a little bit of a problem. high speed
and drag can cause increase aerodynamic lift, which in
turn leads to poor handling. High-speed driving needs
more and more down-force, as it promotes better
handling for cars even in the most demanding
situations.

— A good-designed front AIR-DAM will keep the nose
steady and pointed at the ground in high speed driving.
This would give the driver more confidence to control
the vehicle in sustained high speed driving conditions.
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