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Abstract— The issue of reducing the vehicles power 

consumption emerged nearly at the same time when vehicle 

itself was invented. In the beginning fueling stations were few 

in number and we wanted low fuel consumption vehicle 

which could cover large distances and so as to increase fuel 

efficiency of vehicle; there are various constraints that act on 

the vehicle out of which drag force plays an important role in 

reduction of fuel efficiency so  reduction of drag is becoming 

very important challenge for all the automobile 

manufacturers because the aerodynamic characteristics 

directly affects the stability, driving characteristics, safety, 

operation and fuel consumption of automobiles. Wind tunnel 

is used in aerodynamic research and it is also used to study 

the effect of air which is moving over solid objects. This 

paper’s objective is to analyze aerodynamic characteristics of 

circular, square, semi-circular, aerofoil, etc, shapes using 

wind tunnel method. 
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I. INTRODUCTION 

A wind tunnel is used in aerodynamic research to study the 

effects of air that is moving over solid objects. A wind tunnel 

consists of tubular passage with the specimen placed in the 

test section for the inspection. The earliest wind tunnels were 

invented in the early 20th century for aeronautic research 

when many of them tried to develop successful heavier model 

than air flying machines. Engineers and scientists put a model 

of an air planes and automobiles in the tunnel and then study 

the way air moves around the model. Air is blown through a 

duct equipped with viewing port and instrumentations where 

model or geometrical shapes are mounted for study. 

Typically, the air is moved through the tunnel using fans. By 

analyzing the behavior of the smaller objects in the wind 

tunnel the scientist/engineers gets the idea about how a real 

life sized system of the same design will perform in the given 

conditions. And at the same time importance of good vehicle 

aerodynamic parameters is being increasingly recognized for 

the design of the vehicle. 

A. Definitions of Key Terms 

Drag Force: A drag force is the resistant force caused by the 

motion of the body through a fluid, such as water or air. 

 

 

 
Fig. 1: 

II. COEFFICIENT OF DRAG FOR DIFFERENT SHAPES 

 
Fig. 2: 

A. Boundary Layer 

The region, close to the surface of solid body, where the 

effects of viscosity produce an appreciable loss of total head. 

 
Fig. 3: 
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B. Reynolds Number 

A ratio of the inertial forces of a fluid placed on an object over 

the viscous forces of the fluid. It is given by: 

 
The Reynolds (Re) number is a quantity which engineers use 

to estimate if a fluid flow is laminar or turbulent. 

 
Fig. 4: 

C. Mach Number 

The ratio of the speed of the fluid to local speed of sound i.e. 

343 m/s. 

 

 
Fig. 5: 

The Mach number is dimensionless value useful for 

analyzing fluid flow dynamics problems where 

compressibility is a significant factor. 

There are various approaches to reduce drag. These are, 

 Front Screens 

 Rear Screens 

 Structural elements that localize the area of flow 

detachment (edging) 

 Vortex air flow generators 

 Deflectors located over the rear part of vehicle’s roof 

 Four-element rear fairing and its components 

 Front fairing. 

D. Discharge 

The amount of fluid passing a section of a stream in unit time 

is called Discharge. It is also called as Flow Rate. If v is the 

mean velocity and A is the cross-section area, the discharge 

Q is given by Q = Av which is known as volume flow rate. It 

should be constant throughout the varying cross sections of 

the wind tunnel for getting better results. 

III. LITERATURE SURVEY 

Ravindra A. Viveki, Dr. N. K. Chougule, this paper describes 

how drag force influences performance of car. The objective 

of this study is to know effect of roof curvature on the drag 

and understand the mechanism of drag production. In order 

to reduce aerodynamic drag of automobiles, modification in 

roof is done on the basic model and three parameters like 

velocity, thickness and position are used for the optimization 

purpose to reduce drag using Taguchi method and airflow 

will be simulated. Studying flow over passenger car is costly 

in actual big sized wind tunnel due to cost of the setup but 

with the help of reduced scale wind tunnel model we will be 

able to find various parameters at low cost. 

 Emmanuel Guilmineau, this paper describes the 

flow over the generalized car body by experimental methods 

and by CFD. The air flow over generalized car body captures 

the important flow features around an automobile vehicle and 

it was first defined, recognized, characterized in the 

experimental work of Ahmed. He investigated numerically 

the flow around the generalized car body for the base angles 

25 degrees and 35 degrees results are compared with 

experimental data. This experiment shows the two-

dimensional behavior of the flow for the slant angle 35 degree 

and for the angle 25-degree three-dimensional behavior is 

produced. 

 Prof. P. R. Sonawane, Prof. S. P. Sekhawad, Prof. K. 

K. Rajput in their paper they studied aerodynamic analysis of 

automobile body for low fuel consumption. From their result 

analysis it was quite sure that the fuel consumption can be 

significantly reduced by suitable change in slant angle in the 

vehicle body. Fuel consumption is directly proportional to the 

drag force resultant acting over the automobile body. The car 

drag force depends on the vortices shed generated at the rear 

end of the vehicle body which caused separation and 

produces low pressure area at the rear end of the vehicle body 

due to which the body is resisted by the air which is moving 

over the car body. The drag is also dependent on the slant 

angle of the vehicle body. More the slant angle, more is the 

pressure difference of the front and the back surfaces 

generating more drag but low slant angle allowing more 

surface of body to be in contact with the fluid and more skin 

friction is resulted. 

A. Benjamin Robins 

He used whirling arm in his experiments. Robins mounted 

different shapes objects on the tip of the arm and spun them 

in various directions. He found that the shape of the object 

seems to affect the air resistant or drag, even though equal 

total areas where been spun and were exposed to air stream. 

He realized that the theories of Sir Isaac Newton did not 

sufficiently described the complex relationship between drag, 

lift the shape and the orientation of the object and the air 

velocity. However, his whirling arm could only reach speed 

of only few feet/second which limited his experiments. Soon 

after, after another English man, John Smeaton adopted 

Robin’s invention of whirling arm to examine the forces 

exerted by air and water on wind mill blades. 
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IV. CONCLUSION 

The objective of the work is to understand the flow pattern 

over an aero foil and various solid objects and to study the 

stalling effect of the same. To increase the aerodynamic 

performance of a car there should be study on different 

technologies which will reduce the aerodynamic forces on the 

vehicle. By adding devices on the car drag coefficient can be 

reduced to 3 to 4 percent and hence the performance of the 

car can be increased. The setup has been constructed at a low 

cost and it is used for the testing of solid objects and at the 

same time it is also useful for research and educational 

purpose. 
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