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Abstract— The problem of reducing the vehicles power 

consumption came closely at the first time when automobile 

vehicle itself was invented. In the beginning fuelling stations 

were very low in number and we wanted low fuel 

consumption automobile which could travel longer distances 

and so as to increase fuel efficiency of an automobile; there 

are various parameters that act on the vehicle out of which 

drag force plays an crucial role in lowering of the fuel 

efficiency , so reduction of drag force becomes very 

important challenge for all the major automobile 

manufacturers because the aerodynamic characteristics and 

parameters directly affects the stability, driving conditions, 

safety control operation and fuel consumption of 

automobiles. The Wind tunnel is used in aerodynamic 

research activities and it is also used for studying the effect of 

air which is moving past the solid objects. This paper’s 

objective is to analyse aerodynamic parameters and flow 

visualisation over circular, square, semi-circular, aerofoil, 

etc, shapes using wind tunnel.    
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I. INTRODUCTION 

A. Aerofoil: 

An Airfoil or Aerofoil is a cross sectional shape of wing, 

blade or sail. An airfoil-shaped body moved through a fluid 

produces an aerodynamic force. The component of this force 

perpendicular to the direction of motion is called lift. The 

component parallel to the direction of motion is called drag. 

Subsonic flight airfoils have a characteristic shape with a 

rounded leading edge, followed by a sharp trailing edge, often 

with a symmetric curvature of upper and lower surfaces. Foils 

of similar function designed with water as the working fluid 

are called hydrofoils. For our experimental purpose we have 

used aerofoil of NACA2412 having chord length 15cm, 

thickness 1.9cm and width 7cm. 

 
Fig. 1: Actual Aerofoil 

 
Fig. 2: Geometry of an Aerofoil 

B. Coefficient of Drag:  

The aerodynamic drag coefficient can be defined as a 

measure of the effectiveness of a streamline aerodynamic 

shape of the body in reducing the air resistance to the forward 

motion of an automobile. A low drag coefficient determines 

that the streamline shape of the vehicle's body is such that it 

can easily move through the surrounding viscous air with 

minimum amount of resistance; conversely a high coefficient 

of drag is caused by poor streamlining of the body profile so 

that there is a large amount of air resistance when the 

automobile is in motion. 

 
Fig. 3: Coefficient of Drag for Various Shapes 
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C. Pressure Distribution: 

An airfoil at a certain angle of attack will have a certain 

phenomenon called as pressure distribution. This pressure 

distribution is simply the notations of pressure at all the 

possible points around an airfoil. Typically, graphs of such 

distributions are drawn so that negative numbers are larger on 

the graph, as the specific volume at constant pressure for the 

upper surface of an airfoil will usually be far away below 

zero. 

 
Fig. 4: Pressure Distribution over an Aerofoil 

D. Velocity Distribution:  

When the airfoil is located in a stream of air of velocity, the 

flow has to part near the leading edge and pass along the 

upper and the lower airfoil surface. At the location, where the 

flow is splitting up, the flow velocity is reduced to zero. This 

point is called stagnation point. It is located close to the 

leading edge of the airfoil, but its position moves with angle 

of attack. Velocity and pressure are dependent on each other 

- Bernoulli's equation says that increasing the velocity 

decreases the local pressure and vice versa.  

 
Fig. 5: Velocity Distribution over an Aerofoil 

E. Angle of Attack: 

When  you  stretch  your  arm  outside the  window  of moving 

car which is travelling at  high  speed,  you  can  feel  that  

your  arm gets pulled back  while  colliding  with  the coming  

air  and  when  you  hold your  hand  outside  the  window  in  

parallel  to  the  direction  of road  and  just held   at a certain 

angle,  you will feel  that your  hand is being  pushed  upward  

it  is  because  of  oncoming  air  striking at  your hand. 

 
Fig. 6: Angle of Attack 

F. Drag Force: 

A drag force is the resistant force caused by motion of the 

body through a fluid, such as water and air. Formula for Drag 

Force is given by:- 

 

II. EXPERIMENTAL SETUP  

A. Test Section: 

The mounting of an aerofoil primarily done in the test section. 

Size and shape of the test section varies with the requirement 

and the object placed within it. For our experimental purpose 

we used a test section having a dimension of 

30*30*61cm.The test section which we have used is made up 

of acrylic glass having a thickness of 22 gauge. It plays an 

important role in demonstrating flow visualization around 

various shapes and bluff bodies. 

 
Fig. 7: Test Section 



Estimation of Drag Force for Various Shapes by using Wind Tunnel 

 (IJSRD/Vol. 7/Issue 02/2019/315) 

 

 All rights reserved by www.ijsrd.com 1152 

B. Mounting of an Aerofoil: 

For mounting of an aerofoil inside the test section we haven 

used acrylic glass strip having a dimension of 5mm thickness. 

Two small acrylic glass strips were permanently attached on 

the opposite face of door. A vertical glass strip were inserted 

in between this small glass strips and a hole was drilled in the 

middle of it so that we could insert a long screw which would 

hold the aerofoil firmly in it.   

 

 
Fig. 8: Mounting of an Aerofoil inside Test Section 

C. Anemometer: 

An anemometer is an instrument which is used to measure 

wind speed it is also used as common weather station 

instrument. It has got its application in installation, debug and 

repair for refrigeration industry, ventilation duct, 

environment monitor, navigation measurement etc. We have 

used anemometer (AM 4208) having specification like 

display 0.5 inch, 4-digit LCD. 

 
Fig. 9: Anemometer 

III. RESULTS AND DISCUSSION 

We have successfully plotted pressure contours as well as 

velocity contours for chord length of 10 cm and we have 

obtained various values of drag force at different angle of 

attack. 

A. Velocity Contours: 

 
Fig. 10: Contour of Velocity at 0 Degree Angle of Attack 

Above figure shows the contours of velocity magnitude 

around an aerofoil for 0 degree angle of attack. From the 

figure we see that velocity is maximum over the leading edge 

of an aerofoil and gradually decreases till tail end of an 

aerofoil. 

 
Fig. 11: Contour of Velocity at -5 Degree Angle of Attack 

Above figure shows magnitude of velocity contour 

around an aerofoil for -5 degree angle of attack. It can be seen 

that the flow separation starts at the leading edge of an 

aerofoil and eventually decreases towards the tail end of an 

aerofoil. 

B. Pressure Contours: 

 
Fig. 12: Contour of Static Pressure at 0 Degree Angle of 

Attack 
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The above figure shows contour of static pressure distribution 

over upper and lower surface of an aerofoil for 0 degree angle 

of attack.it can be seen from figure that there is maximum 

intensity of pressure is at starting point of leading edge and 

gradually decreases over the middle portion of the aerofoil. 

 
Fig. 13: Contour of Static Pressure at -5 Degree Angle of 

Attack 

The above figure shows contour of static pressure 

around an aerofoil for -5 degree angle of attack. There is 

maximum pressure at leading edge and then there is decrease 

in intensity of pressure over upper surface of an aerofoil as 

compared to lover surface. 

Similarly, we have obtained various values of drag 

forces for different angle of attack from software ANSYS 

fluent. Table for drag force at various angle of attack is given 

below. 

Sr. No. ANGLE of ATTACK DRAG FORCE (N) 

1 -10 0.0748 

2 -5 0.0270 

3 0 0.0361 

4 5 0.0381 

5 10 0.0358 

Here we obtain values of drag force at various angle of attack 

experimentally and are as follows:- 

Sr. 

No

. 

ANGLE 

of 

ATTAC

K 

PROJECTE

D AREA of 

an 

AEROFOIL 

(CM2) 

COEFFICIEN

T of DRAG 

DRAG 

FORC

E (N) 

1 -10 42 0.0099 0.0328 

2 -5 27 0.0086 0.0854 

3 0 30 0.006 0.0119 

4 5 33 0.0075 0.0735 

5 10 40 0.0154 0.0939 

After comparing both the the above tables it can be 

seen that ANSYS fluent can be used as significant tool to 

predict the performance of an aerofoil section. 

Sr. 

No. 

DRAG FORCE by 

EXPERIMENTAL 

DRAG 

FORCE by 

SOFTWARE 

% 

ERROR 

1 0.0328 0.0748 0.561 

2 0.0854 0.0270 0.634 

3 0.0119 0.0361 0.67 

4 0.0735 0.0381 0.482 

5 0.0939 0.0358 0.619 

IV. CONCLUSION 

The objective of this paper was to understand flow 

visualization around an aerofoil and also to calculate drag 

force at various angle of attack by experimentally and also 

with the help of software. From the results that we have 

obtained we come to know the distribution of pressure and 

velocity at various positions over the wind tunnel. Hence, we 

conclude that this project has achieved its objective of 

visualizing the flow around various object and also 

calculating the drag force over various shapes placed in the 

test section of wind tunnel. 
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