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Abstract- Wind tunnels have long been an indispensable part of aerospace and automotive industry because of their ability 
to simulate actual operating conditions and determine working characteristics at an early stage in design process of aircrafts, 
wind turbines and space crafts. In the following work an open circuit wind tunnel was designed and constructed and a wind 
turbine blade of diameter 90cm was tested.  The setup is 3.5m long with a test section of dimensions1mX1m.A 50cc 6hp RC 
model aircraft engine with 24X10” propeller was used to provide wind speeds of up to 15m/s in the test section. The test 
section consists of a replaceable hub to which different blades can be mounted and tested. The values of RPM and 
mechanical power were determined using this wind tunnel which were then compared to the theoretical values.  
 
 
I. INTRODUCTION  
 
A wind tunnel is a tool used in aerodynamic research 
to study the effects of air moving past solid objects. 
[1] The first ever enclosed wind tunnel was 
developed by Francis Herbert (1824-1908) who was 
then a council member of the Aeronautical society of 
Great Britain. [1] Since then the wind tunnel tests 
have undergone significant refinement with 
unprecedented accuracy and reliability of results. 
Wind tunnels can be broadly classified into two 
categories- open circuit and closed circuit 
 
1.1 Open Circuit Wind Tunnel: 
In open circuit wind tunnels the air is pumped into the 
tunnel and released into the surroundings. The open 
system is simple to design and build and has much 
lower capital investment but requires more powerful 
fans. Also, by using open circuit wind tunnels, smoke 
can be used for instantaneous flow visualisation 
around the blades. Hence to keep the complexity and 
cost of the system minimal, open circuit design was 
chosen for this project. [2] 
 
1.2 Closed Circuit Wind Tunnel:  
In closed circuit wind tunnels, air is recirculated into 
the tunnel. The design is more complex than open 
systems and the capital investment is higher.  
However, the system requires less powerful fans as  
the net circuit pressure is maintained. These systems 
can be fitted with heat exchangers for experiments 
that are temperature sensitive or require thermal 
modelling. Since this project is would not require 
thermal modelling, open circuit system was finalised. 
[2] 
 
II. DESIGN 
 
2.1 Design objectives: 
The constraints present were identified, based on 
which the design objectives were finalised. The 
maximum length of the wind tunnel was dictated by 

the limited space of the room in which the wind 
tunnel was to be installed. The length of the blade to 
be tested was decided to be of 90cm in diameter. 
Hence the dimensions of test section were 
constrained to be greater than 1m X 1m.  To achieve 
test data at a wide range of wind velocities the 
maximum wind speed at the section was kept to be at 
least 15m/s.  
 

 
Figure 1: CAD model of the proposed Open 

circuit wind tunnel 
 

Table 1: Design Objectives 

 
 
2.2 Wind tunnel layout:  
After thoroughly perusing literature on wind tunnels 
available online, a basic layout of the wind tunnel 
was laid out.  
 
2.3 Fan/ Blower: 
One of the most important parameters in the wind 
tunnel design is the velocity at the test section. 
According to the design objectives, wind velocity of 
at least 15m/s is required. A set of two industrial 
exhaust fans of 250W each were initially installed on 
a mount and tested for wind velocities but it could not 
provide speeds beyond 7m/s at the centre of the test 
section, making it clear that a much more powerful 
fan is required. A 50cc 6hp RC model aircraft engine 
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with 24X10” propeller was finalised which provided 
a wind velocity of 20m/s at the centre of the test 
section at full throttle. Prior to using such a powerful 
engine it is imperative to break in and tune the engine 
at the right needle settings. The engine was mounted 
on a test bench along with the fuel tank and batteries 
for ignition module and servo actuator for controlling 
the throttle.  
 

 
Figure 2: Engine mount 

 
A standard break-in and tuning procedure was 
followed for GT-55 engine. A two-stroke 
LawnBoyashless oil was mixed with petrol in the 
ratio of 1:25 for break-in and tuning.  The high speed 
carburettor needle was tuned for the given rpm range. 
The whole set-up was mounted on a rugged wooden 
mount with extended anti-topple support to prevent 
over-turning of the mount due to high thrust of the 
engine. The throttle was controlled using a wireless 
transmitter and receiver system connected to the 
actuators so as to avoid going in the vicinity of the 
engine while it is running.  
 

 
Figure 3: GT-55 Engine 

 
2.4 Honeycomb: 
A honeycomb with its cells aligned in the flow 
direction is able to reduce fluctuating variations in 
transverse velocity. The honeycomb has little effect 
on stream-wise velocity due to the fact that the 
pressure drop through a honeycomb is small [7]. The 
relatively low pressure drop of a honeycomb makes it 
rather ineffective in reducing non-uniformities or 
fluctuations in the stream-wise component but it is 
very effective in reducing cross-stream components 
[8]. The honeycomb for this wind tunnel was made of 

hard cardboard material enclosed in a sturdy wooden 
frame. 
 

 
Figure 4: Fabricated Honeycomb 

 

 
Figure 5: Diffuser 

 

 
Figure6- Plot of wind velocity at different positions on the wind 

tunnel 
 

 
Figure 7: Wind turbine blade mount and testing setup. 
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Figure 8: 3D printed Wind turbine blade. 

 
2.5 Test section: 
A rectangular test section of cross section 1mX1m 
was designed with windows to access the test mount 
during the wind tunnel test. The most important part 
of the test section is its blade-mount. The blades are 
mounted in the test section on a specially designed 
hub. The hub is mounted on a rod which rests on two 
towers by means of Plummer block bearings.The 
turbine blades were 3D printed on a Flashforge 3D 
printer with build size of up to 24cm X 15cm X 
15cm. Due to limitation on maximum size that could 
be 3D printed the blade was fabricated in three parts 
and joined with epoxy resin as shown in the figure. 
The test chamber length has to be in the range of 0.5 - 
3 times its hydraulic diameter. This choice takes into 
account that the air flow exiting the nozzle needs 0.5 
times the hydraulic diameter to become almost 
uniform. Moreover, a long test chamber (more than 3 
times the equivalent hydraulic diameter) could 
increase boundary layer thickness causing the 
boundary layer to detach at the test chamber exit. So, 
in this study the length of the testing chamber was set 
to 2 times the hydraulic diameter of the testing 
section. The test section length becomes about 2 m. 
The test chamber also has flanges and windows to 
allow sample observations and introduce measuring 
tools.  
All the sections were assembled and the wind 
velocity at the test section was measured. The wind 
velocity decreases along the length of the wind tunnel 
due to various pressure losses. components which are 
used to reduce turbulence like Honeycomb and 

Screen amount to significant reduction of wind 
velocity.  
Wind velocities at different positions along the length 
of the tunnel were measured using an anemometer 
and plotted as given in the following graph. 
 
III. TESTING PROCEDURE 
 
For measurement of torque brake-pony dynamometer 
was used. A detailed description of brake-pony 
dynamometer is given in reference[6]. To measure 
the torque and RPM of the wind turbine, the setup as 
shown in figure was used. The setup comprised of 
two Plummer block bearings mounted on two stands 
which support a rod to which the turbine is attached. 
As the turbine rotates, the brake prony dynamometer 
which is mounted on the other end determines the 
torque generated. The RPM is determined using a 
standard tachometer. 
 
3.1 Test Results 
A small wind turbine blade was designed, fabricated 
and tested in this wind tunnel. The turbine blades 
were mounted on the hub and the RPM and torque 
generated were determined. This was done for 
different values of wind velocities and the results 
were plotted. RPM versus Wind Velocity showed a 
linear relation as shown in the figure. The blade tip 
speed ratio (TSR) is the ratio of tip speed of the blade 
to the wind speed. This ratio has to be in a ballpark so 
as to obtain maximum efficiency. If the rotor of the 
wind turbine spins too slowly, most of the wind will 
pass straight through the gap between the blades, 
therefore giving it no power. But if the rotor spins too 
fast, the blades will blur and act like a solid wall to 
the wind. Also, rotor blades create turbulence as they 
spin through the air [11]. The TSR for this blade was 
calculated from the data obtained from the tests. The 
value of TSR for this blade was found out to in the 
range 2.85-3 as given in the figure. The mechanical 
power developed was also determined for this turbine 
blade and compared with the theoretical values. 
 

 

 
Figure 9: Plot of Wind velocity versus RPM 
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Figure 10: Plot of wind velocity versus power. 

 
CONCLUSION 
 
The wind tunnel developed provides a low cost 
solution for testing wind turbine blade designs at an 
early design stage with good accuracy. The required 
wind velocity was provided using a rather 
unconventional source of a 2 –stroke engine 6hp 
engine. A turbine blade of ABS material was 3D 
printed using a FlashForge 3D printer tested in this 
tunnel and the values of RPM and mechanical power 
were determined for different wind velocities. From 
the data obtained, the operational range of RPM was 
determined.The range of Tip speed ratio of the 
turbine was found to be 2.8-3. The power developed 
was also determined and compared with the 
theoretical values.   
 

 
Figure11- Mounted wind turbine blade for testing 
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