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Abstract— The wind tunnel is widely known for its 

significance in civil, environment, automobile and 

aeronautical applications. The wind tunnel is one such system 

that gives us desired environment conditions of scaled model 

which will give a replica of how it will work in real world. 

Therefore, to develop such wind tunnel, its design plays an 

important role while calculating various wind tunnel 

parameters like Drag, Lift, Pressure distribution, etc. The 

presence of wind tunnel with no doubt brings large amount of 

possibilities to study and understand complex fluid flows 

around the scaled model which is placed in the test section. 

Now a days, cost savings becomes more important factor 

while designing and development of various essential 

components that are used in aerospace and automobile 

industries. In the real time designs however need to be 

verified and examined so that the budget constraints can be 

done on appropriate scale. Convergent section has a frontal 

are which measures 30cm*30cm*61cm and divergent section 

has an area which measures 43cm*43cm*122cm. Divergent 

section is equipped with exhaust fan suction purpose.    
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I. INTRODUCTION 

The wind tunnel is an equipment which is used to analyze the 

flow of air over the model which is placed in subsonic wind 

tunnel and at the same time it is also used for evaluating the 

values of pressure and forces acting on it. It is also used for 

evaluating the values of pressure and forces acting on it. It is 

primarily used for obtaining drag characteristics and 

boundary later separation past the object placed in the test 

section. 

Wind tunnel are divided into two types viz. Open 

circuit and Closed circuit. 

 
Fig. 1: Open Circuit Wind Tunnel 

 

 
Fig. 2: Closed Circuit Wind Tunnel 

The idea of wind tunnel was first coined by 

Leonardo Da Vinci about 400 years ago where he realized 

that the flow of air around the object of the object through the 

air is the same. The first ever wind tunnel was developed by 

Francis Wenham in Great Britain in 1871. Followed by it, it 

was then constructed by many countries like USA, Russia, 

Austria, etc. 

II. METHODOLOGY 

Following are the parts of the Wind Tunnel:- 

A. Convergent Section: 

 
Fig. 3: Convergent Section 

Convergent Section is situated ahead of test section and is 

used to improve air flow velocity in test section and at the 

same time it is also used to change the consistency in the non-

uniformity of air flow. It has an overall dimension which 

measures 81cm*81cm*61cm. As the power loss occurs when 

air moves from convergent section to honeycomb therefore 

the convergent section the convergent section to honeycomb 

therefore the convergent section wall should be straight 

enough without any curve on order to achieve the similar 

distribution between size test section and contraction ratio. 

Here, the convergent section of wind tunnel is made up of 

sheet metal and is kept or held at a certain height with the help 

of table support. 
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B. Honeycomb Structure: 

 
Fig. 4: Honeycomb Structure 

The honeycomb structure is usually columnar or hexagonal 

in shape. The overall dimension of honeycomb structure 

measures 30cm*30cm*10cm. It is located in between 

convergent section and the test section and is used to enhance 

the uniformity in the air flow. The honeycomb structure, here 

is usually made of plastic straws cut to an appropriate length 

and then placed up on other. 

C. Test Section: 

 
Fig. 5: Test Section 

A test section is an integral portion of the wind tunnel where 

experimental work takes place and along with it all possible 

parameters are obtained and are also analyzed. The shape and 

the size of the test section varies worth the specimen that 

needs to be tested. It has an overall dimension that measures 

30cm*30cm*61cm. The test section should be large enough 

so that the air fluctuations caused by the contraction section 

gets damped before reaching the test specimen and at the 

same time it should not be so large that it may cause 

separation of the boundary layer in divergent section that 

might eventually lead to loss of power. 

D. Diffusing Section: 

 
Fig. 6: Diffusing Section 

The diffusing section or divergent section is placed at the exit 

or besides the test section through which the air is employed 

outside the system. The overall dimension of diffusing 

section measures 43cm*43cm*122cm. The divergent section 

gradually expands along its length, allowing air fluid pressure 

to rise up to the atmospheric pressure we need during the 

velocity of fluid flow. If the diffusing angle is greater than 5 

degrees it can lead to rise in pressure of air flow which I turn 

can cause boundary layer separation. 

E. Exhaust Fan: 

 
Fig. 7: Exhaust Fan 

The exhaust fan is situated at the starting end of the diffusing 

section. It consists of one or more fans that are used to stick 

the air from the convergent section so as to flow past the 

object. The fan in the diffuser section consists so as to flow 

past the object. The fan in the diffuser section consists of 

regulator to control the flow and the speed of the air. 

III. EXPERIMENTAL SETUP 

A. Wind Tunnel Construction: 

Various types of materials are used for tunnel construction 

like wood, plywood, this metal, heavy metal, cat concrete, 

granite and plastic. But here, we have constructed wind tunnel 

using sheet metal h having thickness of 0.64mm or 22 gauge. 

Though there is general agreement that the low speed Wind 

tunnels require no coming, heavily running the system during 

summer will usually make the tunnel operators think about 

the alternative. The test section made up of acrylic glass is 

connected to convergent and divergent sections on either side 

with the help of not and bolt having gasket embedded 

between them so as to avoid leakage and avoid end to end 

metal. Usually, plywood is also used for making the system, 

but one of its disadvantage is that if it comes in contact of 

water the strength and quality of material decreases. 

 
Fig. 8: Actual Wind Tunnel Setup 
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B. Aerodynamic of Wind Tunnel: 

The aerodynamics considerations of wind tunnels mainly 

describes the maintenance of hydrodynamic or velocity 

boundary layer and to make sure that that the losses or 

stagnation points throughout the winds tunnel are less. 

Certain details about how hydrodynamic or velocity 

boundary layer remain interested in the wind tunnel is by 

installing the diffuser at proper angle after the test section. 

Suitable diffuser angle should be taken into consideration for 

the proper size of test section. The diffuser angle range can 

be from 3to 50, but the safe angle which we choose for the 

test section of 30*30 cross section was 3.The hydrodynamic 

or velocity boundary layer can be maintained by proper 

design of test section along with honeycomb section parallel 

to the flow leading to low turbulence in the tunnel. 

 
Fig. 9: Aerodynamic Flow around an Aerofoil inside Test 

Section of Wind Tunnel 

IV. RESULTS AND DISCUSSION 

 
Fig. 10: Contours of Static Pressure 

 
Fig. 11: Graph of Static Pressure vs Various Positions along 

Wind Tunnel 

The above figure shows simulation results of static pressure 

of final conceptual design. The colour bar which is to the left 

of figure shows pressure intensity in pascal over various 

components of wind tunnel. It can be seen from figure static 

pressure at the starting point of convergent section is 439.30 

pascal. The test section has static pressure of 337.42 pascal 

whereas divergent section has static pressure which varies 

from 154.51 pascal to -211.29 pascal. The pressure gradually 

decreases from convergent to divergent section i.e. from 

439.30 to -211.29 pascal.  

 
Fig. 12: Contours of Velocity Magnitude over Components 

of Wind Tunnel 

The above figure shows magnitude of velocity of 

final conceptual design. It shows magnitude of velocity over 

various components of wind tunnel. The colour bar indicates 

velocity varies from 28.27 m/s to 6.14m/s towards test section 

from the convergent section. The test section has maximum 

velocity at starting edges i.e. 9.46 m/s and at the end it is 7.56 

m/s.In divergent section it varies from 6.60 to 5.19 m/s. The 

velocity gradually decreases in diffuser section and hence 

satisfied conservation of mass equation for subsonic flow. 

 
Fig. 13: Contours of Turbulence Intensity 

 
Fig. 14: Graph of Turbulence Intensity at Various Positions 

of Wind Tunnel 
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Above figures show simulation results for final 

conceptual design. The colour bar shows turbulence intensity 

in percentage over various section of wind tunnel. The data 

shows turbulence intensity varies from approximately 3.04% 

to 5.20% i.e. from convergent section to divergent section. 

However in relation to velocity contour the flow closer to the 

wall of test section has maximum turbulence intensity 

because of boundary layer thickness and skin friction. From 

the graph it can be seen that the percentage of turbulence 

intensity is maximum at 0.5m and then it starts gradually 

decreasing till 2.5m. 

V. CONCLUSION 

This project was an attempt to achieve two major objectives. 

The first being the development and fabrication of wind 

tunnel and second being to make wind tunnel which can be 

used for research and development purpose at college level 

because the wind tunnels which are used by industries have 

high cost and is not feasible to educational institute .thus the 

entire research work in the field of wind tunnel is done by 

industries only.so this project has presented the wind tunnel 

construction , applications and we have successfully 

calculated various parameters like pressure, velocity and 

turbulence intensity in software ansys fluent at various 

sections of wind tunnel. 
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