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Abstract - The development of an advanced wind turbine simulator is presented in the current study. The simulator is 
conceptualized by Shahid Beheshti University and designed and constructed by Sharif University. Further developments 
have been carried out in the wind system laboratory in Shahid Beheshti University. The simulator is employed to test and 
assess the design and the performance of small horizontal axis wind turbines. These turbines can be used as models of large 
wind turbines generating Mega-watt powers, as well as small/miniature wind turbines being utilized in home industry. The 
system consists of a wind simulator, models of rotor blades, a state-of-the-art yaw control system, a tower model with a 
nacelle at the top and a monitoring/controlling system. Nacelle comprises a low-power Step motor directly coupled with the 
turbines axis at its input and a designed circuit at its output in order to measure the power output. The wind speed can be set 
using a fan with the capacity to generate wind with the maximum velocity of 11 m/s. The results obtained from experimental 
investigations were compared with a CFD simulation of the performance of the turbine model. Overall, the results show 
reasonable response of the system in reproducing the characteristics of a given turbine at various conditions. 
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I. INTRODUCTION 
 
Renewable power capacity additions broke another 
record in 2016, global renewable electricity 
generation grew about 6% (160 GW) which means 
24% of the total power output on the earth. Wind 
power plays a significant role accounting for about 
16% of the global renewable energy power 
generation [1]. High potential of wind energy in 
different global regions including middle east has 
made large scale wind turbines popular in wind 
industry [2].  In addition, due to recent global as well 
as local policies about the energy security and power 
generation from wind and some limitations associated 
to establish large wind farms, small scale wind 
turbines have found their positions in markets [3]. 
Accordingly, developing a practical wind turbine 
simulator could be very useful for early stage design 
tests and even examine effects of different flow 
parameters on wind turbine’s performance instead of 
conducting expensive wind tunnel tests. 
There are significant number of researches which 
their goals are to improve small scale wind turbine’s 
performance and all of them needs experimental 
measurements. Like what is done by Haseeb Shah 
and et al. They have designed a brand new airfoil 
appropriate for low wind speed for small HAWTs 
with using conformal mapping and then started to 
design a 2-meter diameter HAWT [4]. However, 
there is a lack of experimental measurements in their 
research. 
In another research Lanzafame and et al have 
optimized the turbulence SST model for simulating 
wind turbines. They have started their work with 
predicting different airfoil Aerodynamic 

characteristics and compare them with experimental 
data. After that they have numerically simulated their 
wind turbine they have and also test it in the wind 
tunnel and the result shows acceptable match between 
them [5]. As it is clear now having a wind turbine 
simulator can help researchers to present better works 
easily because of its accessibility. 
Renewable laboratory of Shahid Beheshti University 
has a wind simulator. It has a fan to generate wind 
flow, a state-of-the-art yaw control system and 
sophisticated electronic-based systems to control the 
speed of the fan. The fan can generate wind with the 
maximum velocity of 11 m/s. It also has a 
honeycomb in front with 2.5 cm diameter for each 
comb. Based on company’s claim, average fan 
turbulence intensity is about 4%. On the other hand, 
aerodynamics feature of the simulator, including a 
well-designed turbine and nacelle, need to be more 
developed. A schematic of the wind simulator is 
shown in  Error! Reference source not found.. It 
has a control panel that a user can input fan rotation 
speed and cut in and cut out wind speeds.  
The development process includes various steps 
including determination of appropriate turbine’s rotor 
size, design and construction a small HAWT using 
blade element momentum (BEM) theory, CFD 
simulation of the turbine’s performance and 
experimental assessment of the turbine’s 
performance. In the initial step, the size of a turbine is 
determined in such a way that is appropriate to the 
size of the simulator. For this purpose, the fan’s wind 
velocity has been measured vertically and 
horizontally at turbine plane with a hot-wire 
anemometer. The initial locations of the horizontal 
and vertical measurements are shown in Figure 1 as 
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point 1 and point 2, respectively. The measurements 
have been carried out for three different fan rotational 
speeds (500, 1500 and 2500 RPM). Horizontal and 
vertical velocity profiles of the fan are shown in 
Error! Reference source not found.. The profiles 
also show some fluctuations. The reason can be 
associated with flow turbulence made by fan’s own 
fluctuations in rotation. It can be observed in figure 
that for different rpms, the fan velocity is almost 
constant in the radial distance of 10 cm from the 
center. However, due to limitations associated with 
the turbine’s structural strength, it was decided to 
design a 25 cm HAWT rotor.  
Next steps are presented in details in the following 
sections. 

 
Figure 1: Schematic image of the wind turbine simulator 

 
Figure 2: Horizontal and vertical fan wind speed profile for 3 

different fan rotational speed 

II. CONSTRUCTION PROCESS 
 
In present research, a horizontal axis wind turbine 
(HAWT) is designed and constructed using 3D 
printing method. The rotor size of the turbine is set to 
be 25 cm.  NACA4412 airfoil profile is used as the 
cross section of each blade due to its high lift to drag 
ratio as well as its appropriate thickness to prevent 
structural defeat at the root region of the blade. The 
aerodynamic characteristics of the airfoil have been 
extracted from XFOIL [6]. Using corresponding 
characteristics, wind turbine’s blade geometry is 
designed using in-house BEM code. Afterwards, a 3D 
drawing of the blades is produced and finally 
constructed with 3D printing (FDM ) technique in 
order to conduct experimental assessment the rotor 
power performance. Error! Reference source not 
found.a and 3b show images of the CAD version and 
the constructed version of designed HAWT rotor. 

 

 
Figure 3: CAD and constructed versions of designed HAWT 

 
III. CFD SIMULATION 
 
For CFD simulation a 120-degree sector [7,8] of the 
main stream has taken into account in order to 
decrease the number of elements which is going to be 
discretize by finite volume method. (see Figure 4) 
The main domain is divided into two subdomains 
including rotating part and the stationary part. The 
rotating part is defined by a frame motion to simulate 
rotation the effect of the blade. The domain size is 
optimized in order to correctly reproduce the wake 
effects and prevent wall shear effects.  
In simulation setup section, the solver was set as 
pressure based with absolute velocity formulation. 
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Three interfaces have been created including faces 
between rotating part and the stationary part, and 
periodic faces on each two rotating and stationary 
parts in both lateral side of the 120-degree section.  

 
Figure 4: CFD domain for predicting designed HAWT power 

performance 
 
In order to determine the power coefficient of the 
rotor with respect to different values of TSRs, the 
inlet velocity was set to be constant while the 
rotational speed of the rotating part was gradually 
increased from the lowest value to the highest one. 
Turbulence intensity at the inlet and the outlet were 
set to be 4% same as the turbulence intensity of the 
fan of the wind simulator. The turbulence length 
scales at inlet and outlet were set to be 2.5cm (equal 
to honeycomb hole’s diameter) and 12.5cm (equal to 
the blade radius), respectively. Second order upwind 
discretization method for momentum and turbulence 
equations with second order method for pressure is 
used to decrease the truncation errors. For gradient, 
Least Squares Node Based method is used, to achieve 
the best match with the generated mesh. Reduction of 
the under-relaxation factors for fluid equations is 
employed to have a less aggressive iterative CFD 
process (usually 0.45 for all fluid equations). The 
optimized mesh, after mesh independency checking 
on generated torque on the rotor blade, has about 9 
million elements. 
 
IV. EXPERIMENTAL SETUP AND 
MEASUREMENTS 
 
In this stage, the capacity of the wind simulator in 
prediction of wind turbine’s performance has been 
assessed. For this purpose, experimental 
measurements have been carried out to assess the 
performance of the turbine. In addition, the results 
obtained from this stage are used to validate the CFD 
simulation. The purpose of this stage to generate a 
power curve for the turbine. For this purpose, the 
power output of the turbine need be measured for 
different TSRs. To measure the power generated by 
the turbine, a small AC generator (step motor) was 
installed at the nacelle location. The step motor has 
two separated windings which was connected to 
electrical circuit (see Error! Reference source not 
found.) including diode bridges, capacitors and light 
diodes. The generated voltage by step motor is 
alternating, it should be transformed into DC voltage 

through an electrical circuit, powering the light 
diodes, acting as loads in the system. By applying 
different loads (different number of diodes in the 
electrical circuit), the rotational speed of the rotor 
could be adjusted. Using this method, various TSRs 
can be set. The generated electrical power was 
calculated by measuring simultaneously the current 
passing through the circuit and the voltage on the 
load’s terminals. In this experiment, the free-stream 
velocity has been kept about 3.5 m/s for trying not to 
damage the diodes for high voltages. 

 
Figure 5: Schematic image of electrical circuit used to measure 

the small HAWT’s generated power 
 
RESULTS AND DISCUSSION 
 
In this section, results obtained from experimental 
measurements and numerical simulation are 
presented. Power curves obtained from 
abovementioned methods are shown in Figure 6. The 
comparison shows a good agreement particularly 
trend. In both curves, the maximum efficiency occurs 
at the TSR equals to 3.5, which is the design TSR. A 
plausible reason for the minor discrepancy in 
magnitudes can be attributed to the size of the turbine 
which is slightly outside of the region of constant 
velocity of the fan. The results are also compared 
with a power curved obtained from BEM method. 
The BEM curve matched well in behavior with the 
other two power curves.  

 
Figure 5: Power coefficient curves versus Tip Speed Ratio obtained 

from BEM, CFD simulation and experimental measurements 
At TSR>3.5, BEM data is close to those obtained 
from CFD simulation. Adjacent to design tip speed 



International Journal of Mechanical And Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 5, Issue-12, Dec.-2017, http://iraj.in 

Development of a Wind Turbine Simulator 
 

112 

ratio, 2<TSR<3.5, power values obtained from BEM 
is between those obtained from experiment and CFD. 
The difference can be associated to 3D effects of flow 
which BEM did not take them into account [9]. 
Overall, the results show reasonable response of the 
system in reproducing the characteristics of a given 
turbine at various conditions. 

 
CONCLUSION AND FUTURE WORKS 
 
These comparisons show that this wind simulator 
works correctly for what it has been designed for.  
One can utilize this simulator for his/her early stage 
tests instead of conducting expensive wind tunnel 
tests. In addition, this wind turbine simulator could be 
used for studying different flow parameters on the 
wind turbine power performance.  
There is a plan for testing different size of wind 
turbine blade to calibrate the diameter of HAWT and 
to be assured about it and even check the impact of 
free shear layer of the flow on HAWT power 
generation. In addition, examining the effect of 
different yaw angles on HAWT power performance 
which could be useful for both small scale and huge 
wind turbines. After that designing and constructing 
vertical turbines (VAWT) to check if they work well 
with wind simulator as well as HAWTs. At the end of 

these all, doing all the experiments in a wind tunnel 
to validate the wind simulator data is considered. 
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