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Abstract: Wind tunnel is a research tool that is used to
study the aerodynamics effect of air moving past to the
solid objects. Mainly wind tunnel is of two types- open
circuit and closed circuit wind tunnel. Wind produced
different forces on an object such as lift and drag, this
effects the design and working of different machines like
aircraft, wind turbines etc. Work has been done to
examine the performance of wind tunnel using the airfoil
models in the test section. This paper presents a short
review on the wind tunnel design, evaluation of the flow
generated in the wind tunnel, and effect of the wind at
different velocities and angle of attack. The effect of the
honey-comb and screen used in the wind tunnel is also
evaluated.
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I. INTRODUCTION

Wind is caused when the sun irregularly warms the
atmosphere, variation in the rotation and surface of
the earth. Wind energy explains the method through
which the wind power is used to engender the
electricity. Wind turbines are habituated to
transform the wind energy to electricity by the
rotation of blades which are like propeller around a
rotor.

Before constructing the wind turbines, the prototype
of the wind turbine is made and tested for the better
performance in the research tool called, wind
tunnel. Wind tunnel is an aerodynamics research
tool used to examine the effect of the wind moving
past the solid objects. In other words, wind tunnel is
a designed tool into which air is passed to achieve a
specified speed and flow pattern.

The flow generated inside the tunnel can be
perceived through the transparent windows which
encloses test section and the flow characteristics are
examined using the instruments such as Pitot static
tube, Anemometer etc. An object or model which is

to be tested is put into the already setup flow, thus
disturbing it. The main aim of the immersion
comprise of simulation, visualization, observation,
and/or measurement of how the fluid flow affect the
immersed body.

Wind tunnel has been vastly used in industrial and
research applications from last 50 years. It is a
natural evaluation of laboratory based technology to
fulfill the need to reproduce specific physical
conditions found in nature. The wind tunnel studies
have been and are still contributing to comprehend
and describe the wind distribution in the arid areas.

Now days, wind tunnels are used to test different
models such as aircraft, spacecraft design, building
design, wind turbines and automobiles etc.

Classification of the wind tunnels can be done the
basis of air flow speed inside the test section and on
the shape. On the basis of air flow speed:

1. Subsonic wind tunnel: The maximum flow speed
in this type of wind tunnel is 135 m/s. It is most cost
effective due to simple design and low wind speed.

2. Transonic wind tunnel: The maximum flow speed
can be reached up to 340 m/s or Mach number.
Definition of mach number is ratio of the speed of
body to speed of sound in nearby medium. These
are commonly used in the aircraft industry. 3.
Supersonic wind tunnel: The velocity of air upto
mach 5 can be attained in test section. This is
achieved by using the convergent-divergent nozzle
and power requirement is very high.

4. Hypersonic wind tunnel: In the test section this
turbine generates a hypersonic flow field. The speed
of air ranges from 5 to 15 mach.

Based on the shape:

1. Open circuit wind tunnel: When the air is directly
drawn into the wind tunnel from the surroundings
and rejected again into the surroundings, this is
called an open-air circuit wind tunnel.



296 Palwinder Singh, Noor Danish Ahrar Mundari

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

Fig.1. Open circuit wind tunnel

2. Closed circuit wind tunnel: When the same air is
circulated so that the wind tunnel neither draws nor
returns the air into the surroundings, this wind
tunnel is called a closed-air circuit wind tunnel.

Fig.2. Closed circuit wind tunnel

The different terms used to calculate the wind
tunnel performance are as following:

1. Angle of attack: The angle between the reference
line on a body and vector in lieu of relative motion
between the body and fluid through which it moves.

2. Lift: It is the component of force which is
perpendicular to the oncoming flow direction of
fluid.

3. Drag: It is the force acting opposite to the relative
motion of the object moving with respect to a
nearby fluid.

Fig.3. Different forces acting on airfoil

II. REVIEW

Although Wright Brothers were first to use the wind
tunnel as a part of aircraft design process, but they
did not invented it. Frank H.Wenham who was
disappointed with the work of whirling arms,
designed and constructed the first wind tunnel in
1871. The wind tunnel was described as “a trunk 18
inches square and 12feet long, directs the current
horizontally, as well as in parallel course.” He
tested variety of surfaces in the wind tunnel,
measured lift-to-drag ratios and tested the effects of
different aspect ratios.

Parkinson and cook built the BRE blockage tolerant
boundary layer wind tunnel. The tunnel has an
open-return blower configuration using the barrier,
roughness, and mixing device for atmospheric
boundary layer simulation. The blockage tolerance
was given by NACA0015 airfoils in both the walls
and roof of the test section. They incorporated the
methodology for testing 3-D building models in the
tunnel. The blockage tolerance method allowed
using large models giving an apparent blockage
ratio over four times larger than in convectional
wind tunnel of same size. The blockage tolerant
section has reduced the effect of the blockage as
compared with the convectional test section. The
result demonstrated that drag coefficient would
increase in value with increasing blockage ratio. [1]

At the Royal Institute of Technology, Stockholm,
Lindgren and Johansson designed and constructed a
low speed, closed circuit wind tunnel. Test section
has the cross section area of 0.5*0.75 m2 and the
length of 4.2 m. The flow velocity in the vacant test
section was about 48 m/s. The contraction ratio was
9:1. The expanded corners concept was
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implemented with the bigger outlet than inlet cross-
section area. In the first corner downstream, the
pressure loss coefficient was 0.047 and the
Reynolds number of 205000. The value was
obtained from the measurement in a centre plane
downstream the vanes. The results compared
favourably with the wind tunnel using non-
expanding corners. With the good flow quality
found in the test section proved that the expanded
corners in the modern wind tunnel minimize the
overall size of the test section length. [2]

Chong et al. designed an open-jet wind tunnel used
for measuring airfoil trailing edge self-noise.
Acoustical and aerodynamic performances were
determined. The valve noise generated by large
pressure drop is reduced by control valve. The large
silencer with absorptive baffle plates was
introduced downstream to further attenuate the
valve noise. The short 90o-curved diffuser was used
to inhabit the boundary layer separation on the inner
wall. The result using NACA0012 demonstrated
that the background noise is low with the low
turbulence intensity. The acoustic signal from the
trailing edge was higher (15db) than the background
noise levels. The sandpaper used on the airfoil was
removed where tonal noise was clearly
demonstrated. The low noise and turbulence
characteristics of wind tunnel are compared to the
best facilities of the world. [3]

Ghorbanian k. et al. performed different experiment
to evaluate the impact of the strip wires in different
wind tunnel on the turbulence intensity. Trip wires
with diameter of 0.76, 0.91, and 1.22 mm were
installed at various position of the contraction
section at various free stream velocity. The results
show that the value of the reduction in free stream
turbulence is affected by the location of the trip
wire. The minimum turbulence intensity is attained
when trip wire of diameter 0.91 mm is installed at
X/L=0.79 in the wide portion of the contraction at
X/L=0.115. Frequency analysis experimental is
performed to study the energy distribution of signal.
Trip wire weakens the signal amplitude and
decreases some of frequencies that are related to the
signal rate fluctuations. [4]

Vinayak Kulkarni et al., in an open-circuit wind
tunnel used the honeycomb and honeycomb-screen
combination to reduce both lateral and axial
turbulence in the flow. The simulation has
confirmed the effectiveness of honeycomb. Three

different shapes of honeycomb (square, circular,
hexagonal cross-section) are tested. It show that the
functionality of honeycomb cell is independent of
its shape for the length more than or equal to
optimum length. The turbulence intensity at exit of
honeycomb is between 4.7%and 13.4%. Pressure
drop coefficient is less of hexagonal cell than that of
circular honeycomb. The optimum length to
diameter ratio of honeycomb should be between 8
and 10. [5]

Arifuzzaman and Mashud designed a short length
subsonic wind tunnel to validate its adequacy for
aerodynamic analysis as well to determine the
velocity profile at different position of test section.
The total length was 7.35 m and the flow speed was
30 m/s. The contraction ratio was 8:1. To control
the turbulence flow in the test section two
honeycomb screens were used with cell diameter of
0.02m and 0.125m. After testing the performance,
this newly designed tunnel was a good tool to
provide steady flow with consistent speed through
the test section without excessive turbulence. The
tunnel can be used effectively in different
aerodynamics researches. [6]

Razzan mayya tested the wind tunnel by examining
the lift and drag forces for the three different types
of airfoils (NACA6410, SG6043, and NACA7308).
The airfoils were tested at fix speed of 10 m/s on
different angle of attack. With the increase in the
angle of attack the lift and drag forces increase. The
angle of attack was upto 120. The performance of
the wind tunnel depends upon characteristics of the
air flow passing through it. The flow in the tunnel
should be laminar. The feasibility of the wind
tunnel is investigated. [7]

Smith et al. developed a technique which simulates
the flow characteristics in a multiple controlled fan
wind tunnel (MCFWT). MCFWTs do not apply
roughness element grid to produce mechanical
turbulence. Rows of fan to vary wind speed with
height and vertical airfoils which rotate together to
evenly change the horizontal wind direction are
used for MCFWT configuration. Similarities in the
speed profile are achieved once the lateral and
longitudinal components are calibrated. The
proposed method relies on the direct simulation of
scaled wind tunnel and direction records in lieu of
the traditional approaches that reshapes the desired
spectra of the command signal to achieve desired
boundary layer characteristics. A closed loop
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control strategy was implemented to simulate the
command signal for the fan bank and the airfoil
arrays instead of open-loop control. [8]

William et al. used Kelvin cloth to make the test
section of the wind tunnel. The cloth permits the
transmission of sound with little losses. Model
generated noise is separated for facility background
using the beam-forming. Hybrid panel method is
used to account the airfoil aerodynamics. Lift
interference and transpiration is smaller than the
open-jet configuration. The reduction of the sound
passing through the wall is less than 1db below 10
KHz. The aerodynamics analysis of the kelvar test
section was confired by comparing the result in the
hard wall test section. The experiment was done to
estimate the sound propagation losses through the
kelvar walls and boundary layer walls. The flow
along the porous test section is well-behaved at
higher angle of attack. [9]

K Amiri et al. upgraded an existing transonic for
better performance. 2D andn3D-calibration models
are tested to investigate the flow improvement. 2D
model NACA0012 and 3D model AGARD-B
model is used. The test section was improved by
perforated walls, amalgamation of the perforated
walls with slotted ones or adaptive walls. The
models are tested by varying angle of attack and
mach number. The obtained data is compared with
existing data of ATA Langley wind tunnel. The
shock location is tested in the study. As the free
mach number increases, the shock waves becomes
stronger and move further downstream. From the
comparison, this upgraded tunnel is reliable when
the surface porosity and suction is applied. [10]

Maria Rodriguez Lastre et al. developed the novel
design of a contraction nozzle to enhance the
aerodynamics in a low wind speed. The design was
based on logarithmic profile and the polynomial
profile. The simulation of the nozzle determined
that logarithmic profile shows the better result. The
turbulence intensity is 0.7%. There is high flow
uniformity. The pressure coefficient along the
nozzle side wall is optimal with theoretical design.
The pressure transducer and hotwire anemometry is
used in the experimental study. [11]

Dakeev designed a wind tunnel with the dimension
length of 2 m long, 1.646 inlet diameter and 1.143
m outlet diameter. The cone shaped section was
designed with 0.75m at the base of the cone. The
empirical method was used for developing the

tunnel to enhance the power generation of the wind
turbine. To calculate the performance of wind
turbine, custom designed attachment was used. The
turbine blades of diameter 1.15m were used. The
goal was to obtain 400W power rating in the natural
environment and inside the controlled laboratory.
Power output of wind turbine was measured with
and without custom constructed wind tunnel in
equal wind speed. Based on the results, attachment
of the wind guide attachment on the wind turbine
increases the power generation significantly at a =
0.05 levels. [12]

Calautit et al. designed a methodology for
developing a closed-loop wind tunnel by means of
computational fluid dynamics. The flow quality was
optimised all over the wind tunnel sections. The
study developed that the flow can be improved by
eliminating the flow separation in the corners by
using the guide vanes. The uniformity was
improved by 36% by including the guide vanes in
the upstream and 65% by adding in the
downstream. The addition of splitting plates at the
diffuser section reduced the velocity variation from
30%to 5%. Uniformity of flow means and the
turbulence intensity levels were upto 1%. The block
models in test section demonstrate that CFD was
able to reproduce the tunnel measurements of
turbulence intensity, speed and pressure coefficient
with error below 10%. [13]

Ramkissoon and Manohar built the open circuit
wind tunnel to facilitate the testing of airfoils for the
vertical axis wind turbine. The contraction ratio was
6:9. The first test was to produce the velocity profile
of the tunnel. The plot of mean velocity vs. distance
from tunnel wall matched closely to the turbulent
flow curve indicating that the wind speed was under
12 m/s and flow was turbulent. The second test
showed that there is second order polynomial
relationship between wind speed and differential
pressure across the contraction cone section. The
equation of regression line,
y=0.881x2+0.146x+3.7497 can be applied to
calculate the wind speed. Electronics and
mechanical noise was not a big problem. [14]

Leifsson and Koziel designed and optimized the
contraction shape of tunnel. The contraction speeds
up and aligns the flow into test section. The CFD is
used to optimize the design of the contraction. The
variable of contraction such as inlet size,
contraction area ratio, and length and wall shape are
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optimized. Contraction ratio is 8:1. The main aim is
that the flow is uniform and boundary layer needs to
be thin. The turbulence intensity is not dependent
on a contraction shape and it can be reduced by the
turbulence screen. The surrogate based optimization
(SBO) replaces high fidelity model by low fidelity
model which reduces the cost. [15]

Abdelhamed et al. redesigned the contraction
section of 3D wind tunnels. They worked on the
contraction ratio, maximum uniformity at the work
section mid-plane, without separation, no Gortler
vortices in the contraction. The new designed
contraction section have the dimensions
A1=150*150 cm2 and A2=60*60 cm2. It has
38.68% decrease in the boundary layer thickness
and 28.43% decrease in momentum thickness in
comparision to the old design. The study illustrated
the maximum uniformity is occurred at 42% of the
contraction length. The hexahedral mesh is more
suitable and robust to converge. The CFD is used
that increased the flexibility of shape considered
and use the design exploration algorithm. [16]

Fig.4. Wind Tunnel

Ester Scottodi Perta et al. investigated the wind
tunnel configuration at different air inlet velocities
for the aerodynamics performance with the CFD.
The air velocity in the tunnel is 5 m/s. The main aim
was to overcome the asymmetric flow distribution
occurring in the wind tunnel. The four devices were
used- wire gauzes, guide vanes, perforated plates,
guide channel. Guide channel show the best results
in the attachment in reducing the spaces. By
increasing the main chamber length, it reduces the
inlet expansion effect which is possible to obtain the
stable flow. The problem of stagnation areas can be
solved as device is lighter and easier to handle. [17]

K.T.Tse et al. investigated the influence of the
twisted wind flow inside the wind tunnel by using
1.5m tall wood vanes for the pedestrian-level wind
environment. The guide angles are 150 and 300 at

the ground level. The yaw angle profile was
observed at different guide angle. The wind profile
measured at the centre of the turn able was selected
as representative wind profile for simulating wind
twist flow. The turbulence intensity is 16%. The
wind situation in twisted wind flow were
asymmetric due to the momentous flow
characteristic differences such as dissimilar corner
stream and reduced wind speed in the passage
between buildings. [18]

Yadava R.Y. et al. designed a low turbulence wind
tunnel for studying the effect of the turbulence of
bluff bodies. They replaced the settling and
contraction section with the air blower. The
advantage of replacing was to produce less
turbulence and uniform flow. Three different
cylinders with different diameter were studied at
varying wind speeds. The study showed that the
velocity in the test section was uniform and steady
for the less diameter cylinder and has less number
of swirls near the upstream and downstream.
Number of swirl generated affects the stability of
structure. Increasing the diameter of cylinder, the
velocity in the test section is uniform and unsteady.
The intensity of pressure developed is maximum at
a stagnation point at the cylinder. [19]

Peiging Liu et al. built the D5 aerocaustic wind
tunnel to study both the aerodynamics and
aerocaustic performance of aircraft model. The
maximum wind velocity is 80 m/s. The turbulence
intensity is less than 0.08% in the test section to
compare the background noise. The background
noise is reduced by two layer micro-perforated
panel mufflers and covering the interior surface
with dissipative linear. Honey comb is used to
enhance the flow quality. The landing gear is tested
which show that the noise radiated is atleast 6db
greater than the background noise which satisfy the
aerocaustic measurements. The screen has the
ability to break up eddies larger than the mesh size
and reduces streamwise components of the flow
fluctuation. [20]

CONCLUSION

A wind tunnel is an aerodynamics research tool
employed to examine the effect of the air moving
around the solid objects. The work has been done to
understand the design rules of the wind tunnel. The
wind tunnel can be utilized to study the
aerodynamics of airfoils, automobiles, building
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design, aircraft design. The different factors have
been determined that effect the wind tunnel
performance such as contraction ratio, fluid flow,
wind velocity, and angle of attack. The review
showed that turbulence intensity can be reduced by
using the combination of the screen and
honeycomb. The contraction ratio should be 6:9.
The hexagonal mesh is most suitable as the pressure
coefficient is less. The CFD can be used to
determine the performance as well as design the
contraction of the wind tunnel. The test section is
improved by perforated walls, combination of the
perforated walls with slotted ones or adaptive walls.
Overall, the wind tunnels are used to simulate the
aerodynamics and the aerocaustic performance of
the different models.
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