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Abstract: A vertical axis wind turbine (VAWT) is gifted to pleasurable to 
accomplish the desires of human requirements. In totalling up to time from 
environmentally, it is moderately very cheaper than as compared among 
conventional methods of electric production at present. Kinetic energy i.e. wind 
velocity is used to produce electricity by altering the mechanical energy, which is 
easy to get to in abundance and unlimited. By using this sort of classifications, they 
would be no pessimistic effects on the surroundings. As the upholding cost and 
operating cost are insignificant this is better than other conventional methods.The 
present research work aims in evaluating the performance of savinous type 
vertical axis wind turbine (VAWT) at various wind speeds trapped at Sultan Ul 
Uloom Education Society Campus (MJCET, Hyderabad Latitude) on NACA 0020 
aero foil profile blade by keep angle of attack as constant throughout by using 
CFD Tool. Blade angle 0˚ and curvature of blade at 15˚ were assumed.   
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1. INTRODUCTION 

Wind energy is produced when the ambience is heated erratically by the Sun; some plot of lands of 
air turn into warmer than others. These warm plots of land of air raise, other air hustles in to restore 
them – thus, wind drives.  In current existence, wind energy has grown to be one of the largely cost-
effective renewable energy technologies. These days, electricity creates wind turbines occupy 
established and tested expertise, and make available a safe and sustainable energy deliver. At 
superior, windy locations, wind energy can by now fruitfully struggle with conventional energy 
fabrication. Many countries include extensive wind capital, which are motionless not used. 
Wind turbines hauls out energy from stirring air by deliberating the wind down, and relocate this 
energy hooked on a spinning shaft, which typically turns a generator to turn out electricity. The 
power in the wind that offered for yield depends on wind speed and the swept area of the turbine 
blades. A wind turbine is a turning machine which translates the kinetic energy (KE) of wind into 
mechanical energy.  
If the mechanical energy (ME) is used unswervingly by machinery, such as propel or grinding 
stones, the machine is habitually called a windmill. If the mechanical energy (ME) is in its place 
transformed to electricity, the machine is known to be a wind generator, wind power unit (WPU), 
wind turbine, aero generator or wind energy converter (WEC). 
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A. Types of wind turbines: 
Horizontal axis wind turbines (HAWT): Horizontal axis wind turbines have its blades revolving on an axis 
analogous to the ground. Horizontal axis wind turbines (HAWT) catch added wind and so the power harvest can 
be advanced than to facilitate of vertical axis wind turbine (VAWT). But in horizontal axis turbine is designed 
tower is kept elevated and supplementary blade design parameters have to be distinct. 
 
Vertical axis wind turbines (VAWT): Vertical axis wind turbines (VAWT) comprise the foremost rotor shaft 
precise vertically. VAWTs lope in any direction of winds. In vertical axis turbine (VAT), no yaw arrangement is 
mandatory and there is no recurring load on the blade, therefore it is easier to design.  
                                

 
Figure 1: HAWT and VAWT [19] 

 
 

B. Introduction to Aerofoil: 
An Aerofoil formed body stimulated in the course of a fluid constructed on aerodynamic force principle. The 
constituent of this force upright to the path of motion is called lift. The constituent parallel to course of motion is 
called drag. 

 

 
 

Figure 2: nomenclature of an aerofoil [16] 
An ample variety of aerofoils was urbanized, based first and foremost on trial and error. Some of the further 
victorious sections such as the Clark Y and Gottingen 398 are used as the foundation for a folks of sections 
weathered by the NACA in the early 1920's of sections experienced by the NACA in the early 1920s. NACA-
National Advisory Committee for Aeronautics. 

 

 
 

Figure 3: Evolution of aerofoils [18] 
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Figure 4

 
Niranjana.S.J [1], investigated the power generation of vertical axis wind turbine. In this he said that the 
is generated by attaching the wind mill on the highways. When a car travels at a high speed, the blades rotate 
and generate power. This experiment tells that the vertical axis wind turbine can absorb air from all directions 
and produce the power of 1KW for a movement of 25m/s. If size of the vertical axis wind turbine is increased, 
efficiency also increases and also observed that it can work with low wind speed of 4m/s to high speed of 35m/s
  
Abmjit N Roy [2], analysed the design and fabrication of vertical axis economical wind mill. His theory states 
that vertical axis wind mill is one of the most important types of wind mill. In this main rotor shaft is connected 
to the wind turbine vertically with the generator and g
characteristics such as power output versus wind speed or versus angular velocity must be optimized in order to 
compete with other energy sources which make the process economically and eco
result shows that wind turbine is placed on the top of the building in an ideal position to produces electricity. 
The power generation becomes easy and it is used for various applications such as street light, domestic 
purpose, agriculture, etc. 
 
Altab Hossain [3], investigated the design and development of A 1/3 scale vertical axis wind turbine for 
electrical power generation. He states that the electricity is produce from the wind mill by wind power and belt 
power transmission system. The blade and drag devices are designed in the ratio of 1:3 to the wind turbine. The 
experiment is conducted by different wind speed and the power increases when the velocity is high.
 
ParthRathod  [4], analysed a review on combined vertical axis wind turbin
efficiency is achieved based on the characteristics such as aspect ratio, tip speed ratio, velocity and other 
geometry parameter. The experiment is conducted to increase the power production and efficiency of a wind 
turbine. The development of design is optimized by combining the blade structure and the flow performance. 
The result indicates that the efficiency of turbine is always based on the wind speed and climatic conditions. The 
lowest aspect ratio improves the power coef
high compare to the single savonius and darrieus rotor.
 
PiyushGulve [5], analysed the design and construction of vertical axis wind turbine. He mentioned that the 
vertical axis wind turbine is more efficient than horizontal axis wind turbine because it requires compact space 
for producing same amount of electricity and less noise. The result of the paper indicates that the efficiency of 
wind turbine may reduce due to manufacturing error and 
design of the blade more aerodynamically. 
 
D.A. Nikam [6], analysed the literature review on design and development of vertical axis wind turbine blade. 
His view is that the wind mill such as vertic
The horizontal wind mill is highly used for large scale applications which require more space and huge 
investment. Whereas the vertical wind mill is suitable for domestic application at low 
electricity is affected by the geometry and orientation of the blade in the wind turbine. To optimize this by 
setting the proper parameter for the blade design. The experimental result indicates that the blade plays critical 

 
Figure 4: Aerofoil Terminology [17]  

 
2. LITERATURE SURVEY 

investigated the power generation of vertical axis wind turbine. In this he said that the 
is generated by attaching the wind mill on the highways. When a car travels at a high speed, the blades rotate 
and generate power. This experiment tells that the vertical axis wind turbine can absorb air from all directions 

KW for a movement of 25m/s. If size of the vertical axis wind turbine is increased, 
and also observed that it can work with low wind speed of 4m/s to high speed of 35m/s

the design and fabrication of vertical axis economical wind mill. His theory states 
that vertical axis wind mill is one of the most important types of wind mill. In this main rotor shaft is connected 
to the wind turbine vertically with the generator and gear box which can be placed near the ground. Performance 
characteristics such as power output versus wind speed or versus angular velocity must be optimized in order to 
compete with other energy sources which make the process economically and eco-friendly. The experimental 
result shows that wind turbine is placed on the top of the building in an ideal position to produces electricity. 
The power generation becomes easy and it is used for various applications such as street light, domestic 

the design and development of A 1/3 scale vertical axis wind turbine for 
electrical power generation. He states that the electricity is produce from the wind mill by wind power and belt 

e blade and drag devices are designed in the ratio of 1:3 to the wind turbine. The 
experiment is conducted by different wind speed and the power increases when the velocity is high.

analysed a review on combined vertical axis wind turbine.  He said that the increased 
efficiency is achieved based on the characteristics such as aspect ratio, tip speed ratio, velocity and other 
geometry parameter. The experiment is conducted to increase the power production and efficiency of a wind 

The development of design is optimized by combining the blade structure and the flow performance. 
The result indicates that the efficiency of turbine is always based on the wind speed and climatic conditions. The 
lowest aspect ratio improves the power coefficient of the turbine. The power generation of combined rotor is 
high compare to the single savonius and darrieus rotor. 

analysed the design and construction of vertical axis wind turbine. He mentioned that the 
is more efficient than horizontal axis wind turbine because it requires compact space 

for producing same amount of electricity and less noise. The result of the paper indicates that the efficiency of 
wind turbine may reduce due to manufacturing error and frictional losses. It will be rectified by précising the 
design of the blade more aerodynamically.  

analysed the literature review on design and development of vertical axis wind turbine blade. 
His view is that the wind mill such as vertical and horizontal wind mill is widely used for energy production. 
The horizontal wind mill is highly used for large scale applications which require more space and huge 
investment. Whereas the vertical wind mill is suitable for domestic application at low cost. The generation of 
electricity is affected by the geometry and orientation of the blade in the wind turbine. To optimize this by 
setting the proper parameter for the blade design. The experimental result indicates that the blade plays critical 

investigated the power generation of vertical axis wind turbine. In this he said that the power 
is generated by attaching the wind mill on the highways. When a car travels at a high speed, the blades rotate 
and generate power. This experiment tells that the vertical axis wind turbine can absorb air from all directions 

KW for a movement of 25m/s. If size of the vertical axis wind turbine is increased, 
and also observed that it can work with low wind speed of 4m/s to high speed of 35m/s 

the design and fabrication of vertical axis economical wind mill. His theory states 
that vertical axis wind mill is one of the most important types of wind mill. In this main rotor shaft is connected 

ear box which can be placed near the ground. Performance 
characteristics such as power output versus wind speed or versus angular velocity must be optimized in order to 

The experimental 
result shows that wind turbine is placed on the top of the building in an ideal position to produces electricity. 
The power generation becomes easy and it is used for various applications such as street light, domestic 

the design and development of A 1/3 scale vertical axis wind turbine for 
electrical power generation. He states that the electricity is produce from the wind mill by wind power and belt 

e blade and drag devices are designed in the ratio of 1:3 to the wind turbine. The 
experiment is conducted by different wind speed and the power increases when the velocity is high. 

e.  He said that the increased 
efficiency is achieved based on the characteristics such as aspect ratio, tip speed ratio, velocity and other 
geometry parameter. The experiment is conducted to increase the power production and efficiency of a wind 

The development of design is optimized by combining the blade structure and the flow performance. 
The result indicates that the efficiency of turbine is always based on the wind speed and climatic conditions. The 

ficient of the turbine. The power generation of combined rotor is 

analysed the design and construction of vertical axis wind turbine. He mentioned that the 
is more efficient than horizontal axis wind turbine because it requires compact space 

for producing same amount of electricity and less noise. The result of the paper indicates that the efficiency of 
frictional losses. It will be rectified by précising the 

analysed the literature review on design and development of vertical axis wind turbine blade. 
al and horizontal wind mill is widely used for energy production. 

The horizontal wind mill is highly used for large scale applications which require more space and huge 
cost. The generation of 

electricity is affected by the geometry and orientation of the blade in the wind turbine. To optimize this by 
setting the proper parameter for the blade design. The experimental result indicates that the blade plays critical 
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role in the performance and energy production of the turbine. The optimized blade parameter and its 
specification can improve the generation of energy. 
 
M. Abid [7], analysed the design, development and testing of a savonius and darrieus vertical axis wind turbine. 
This paper shows that vertical axis wind mill is more efficient when compare to horizontal axis wind mill. The 
darrieus turbine consists of 3 blades which can start alone at low wind speed. When savonius turbine is attached 
on the top of existing wind mill which provide the self-start at low wind speed. The result indicates that the 
darrieus vertical axis wind turbine acts as a self-starter during the testing. The function required the starting 
mechanism which can be provided by the combination of NACA 0018 aerofoil and savonius turbine. The high 
blade thickness of the NACA 0020 aerofoil will improves the self-starting capability of the turbine. 
 
KunduruAkhil [8], Reddy investigated a brief research, study, design and analysis on wind turbine. His 
experiment evaluates that the aerodynamic performance of variable speed fixed pitch horizontal axis wind 
turbine blade using two and three dimensional computational fluid dynamics. The primary objective of the paper 
is to increases the aero dynamic efficiency of a wind turbine. The blades are designed using different type of 
aerofoils which are associated with angle of attack. The blade design is responsible for the efficiency of the 
wind turbine. The design of the blade is done using Q- blade software. The result indicates that the power output 
is determined using blade elemental theory. The power output of designed blade design is higher when compare 
to existing design of the blade. 
 
Young-Tae Lee [9], had Numerical study of the aerodynamic performance of a 500 W Darrieus-type vertical-
axis wind turbine he studied characteristic and the performance of a Darrieus-type vertical axis wind turbine 
with NACA aerofoil blades. The performance of Darrieus-type turbine this can be characterized by torque and 
power. Various parameters especially related to blade design affect performance of turbine, parameters such as 
chord length, helical angle, pitch angle, and rotor diameter. To estimate the optimum shape of the Darrieus type 
wind turbine in accordance with various design parameters, aerodynamic characteristics and the separated flow 
occurring in the vicinity of the blade, the interaction between the flow and the blade, and the torque and power 
characteristics is examined in this work. 
 
Bavin Loganathan [10], investigated a domestic scale vertical axis wind turbine considering blade geometry 
with semi-circular shaped blades under a range of wind speeds during operation. A 16-bladed rotor was initially 
designed and its torques and angular speeds were measured over a range of wind speeds using a wind tunnel. 
Additionally, a new concept of cowling device was developed to enhance the turbine efficiency by directing air 
flow from the rear blades into the atmosphere. Another 8-bladed rotor was also manufactured to investigate the 
effect of blade number on the maximum power generation from turbine. The aerodynamic performance of the 
cowling device was also investigated in this study. Maximum power curves as a function of wind speeds were 
established for each configuration. The results indicated that the 16-bladed wind turbine can be used for 
domestic scale wind power generation also the results show that the cowling device has positive effect to 
increase the rotor speed to a significant amount. With the use of the cowling device, the average rotor speed 
increased by about 26% for the 16-bladed rotor compared to the baseline configuration. A significant increase 
about 40% of rotor speed was also found for the 8-bladed rotor with the implementation of cowling device. The 
results of article also indicated that the cowling device can be used to increase the power output of this cyclonic 
type vertical axis wind turbine especially with a reduce number of blades. Results show that the wind turbine 
device has positive effect to increase the rotor speed to a significant amount. The average rotor speed increased 
by about 26% for the 16-bladed rotor Compared to the baseline configuration with implementation if new 
cowling devise. 
 
K. Pope, I. Dincer, G.F. Naterer [11],    an energy and energy analysis is performed on four different wind 
power systems considering especially blade performance, including both horizontal and vertical axis wind 
turbines. Significant variability in turbine designs and operating parameters are encompassed through the 
selection of systems. In particular, two aerofoils that is blade geometries, commonly used in horizontal axis 
wind turbines are compared with two vertical axis wind turbines. 
 
Robert Howell [12], presents a combined experimental as well as computational study into the aerodynamics 
and performance of a small scale vertical axis wind turbine blades. Wind tunnel tests were carried out to 
ascertain overall performance of the turbine and two- and three-dimensional unsteady computational fluid 
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dynamics models were generated to help and to understand the aerodynamics of this turbine performance. Wind 
tunnel performance results are presented for cases of different wind velocities, tip-speed ratio and solidity as 
well as rotor blade surface finish. It is shown experimentally that the surface roughness present on the turbine 
rotor blades has a significant effect on performance of turbine. Below a critical wind speed (Reynolds number of 
30,000) the performance of the turbine is degraded by a smooth rotor surface finish but above it, the turbine 
performance is enhanced by a smooth surface finish of blade. Both two bladed and three bladed rotors were 
tested and a significant increase in performance coefficient is observed for the higher solidity rotors (three 
bladed rotors) over most of the operating range. Dynamic stalling behaviour and the resulting large and rapid 
changes in force coefficients and the rotor torque are shown to be the likely cause of changes to rotor pitch angle 
that occurred during early testing. This small change in pitch angle of blade caused significant decreases in 
performance. 
 
Muhammad Mahmood Aslam Bhutta [13], analysed a review on combined vertical axis wind turbine.  He 
said that the increased efficiency is achieved based on the characteristics such as aspect ratio, tip speed ratio, 
velocity and other geometry parameter. The experiment is conducted to increase the power production and 
efficiency of a wind turbine. The development of design is optimized by combining the blade structure and the 
flow performance. The result indicates that the efficiency of turbine is always based on the wind speed and 
climatic conditions. The lowest aspect ratio improves the power coefficient of the turbine. The power generation 
of combined rotor is high compare to the single savonius and darrieus  
 
Mohammed Hadi Ali [14], Has carried out experimental comparison and investigation of performance between 
two and three blades Savonius wind turbine. Due to this purpose, two models of two and three semi-cylindrical 
blades were designed and fabricated from Aluminium sheet, with having an Aspect ratio of ( As = H/D =1), the 
dimension is ( H = 200 mm height and diameter D = 200 mm). These two models were assembled to have 
overlap zero (e = 0) and a separation gap zero (e' = 0). Subsonic wind tunnel is used to investigate these two 
models under low wind speed condition, which shows that maximum performance at (λ = TSR = 1) and a high 
starting torque at low wind speed, and also gives reason for three bladed rotors is more efficient than the two 
blades, that by increasing the number of blades will increase the drag surfaces against the wind air flow and 
causes to increase the reverse torque and leads to decrease the net torque working on the blades of Savonius 
wind turbine 
 
N.H. Mahmoud [15], Has conducted an experimental analysis by using, wind tunnel experimental setup, and 
the experimental results shows that -Three bladed Savonius rotors are more efficient than the three and four 
bladed Savonius rotors. The rotor with end plates gives higher efficiency than the without end plates. Blades 
having overlap ratios are better than the blades with without overlap ratios. By increasing Aspect Ratio 
Coefficient of performance (Cp) will also increase.  
 

3. METHODOLOGY 
 

A. Modelling: 
Solidworks 2015 software has being used for modelling of the three and five bladed vertical axis wind turbines. 
Coordinates of the NACA 0020 blade profile were taken from the standard books of NACA. Next the 
coordinates are imported in Excel sheet and later again they are imported in modelling software to create the 
profile according to its coordinates. The sketch is then extruded using extrusion command. A suitable extension 
is given to the file to import the file in analysis software to perform various analyses using CFD tool (ANSYS). 
The extruded models are shown in fig. 5 to fig. 8. 
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Figure 7: 

Figure 8

 
Figure 5: Modelling Blade 

 

 
Figure 6: Modelling of plate 

 

 
: Three bladed vertical axis wind turbine 

 
Figure 8: Five bladed vertical axis wind turbine  
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B. Analysis of Three Blade:  

The extruded model from modelling software is imported in Ansys software to perform various analyses using 
CFD package. NACA 0020, profile is generated in ansys, which is bounded by uniformly distributed enclosure, 
and creating the naming section to enclosure as inlet, outlet, walls and profile blade. Boundary conditions like 
angle of attack, speed and density of air are applied. The results are shown in fig. 9 to fig. 20 for various speeds 
and for various solidity ratios. Power calculations are done to establish the amount of power that can be drawn 
for the obtained wind velocity. 
 
At 5m/sec  
The total pressure, static pressure, and velocity are  
 

 
Figure 9: Contours of static pressure 

 
Figure 10: Pressure volume rendering 

 

 
Figure 11: Velocity streamline 

 
At 7m/sec  
The total pressure, static pressure, and velocity are  
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Figure 12: Contours of static pressure 

 
Figure 13: Contours of velocity magnitude 

 
Figure 14: Contours of total pressure 

 
At 9m/sec 
The total pressure, static pressure, and velocity are  
 

 
Figure 15: Contours of static pressure 
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Figure 16: Contours of total pressure 

 

 
Figure 17: Contours of velocity magnitude 

 
At 11m/sec 
The total pressure, static pressure, and velocity are  

 
Figure 18: Contours of static pressure 

 
Figure 19: Contours of total pressure 
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Figure 20: Contours of velocity magnitude 

C. Calculations :  
For 5m/s :  
 
P(Total) = ½ ρ a V^3 
           = ½ (1.25)* π/4* (0.5)^2* (5)^3 
          = 15.33W 
 
P(Max) = ½ ρ a V^3 
           = ½ (1.25)* π/4* (0.5)^2* (14.97)^3 
           = 411.69W  

4. RESULTS AND DISCUSSIONS 
Vertical axis wind turbine (VAWT), profiled with NACA 0020, is modelled and analysed to determine the 
performance of turbine under various speed keeping angle of attack as constant and slope angle of profile as15o. 
The speed that are obtained in Sultan Ul Uloom Education Society Campus (MJCET, Hyderabad Latitude) on 
various days were considered as 5m/s, 7m/s, 9m/s and 11m/s. These speeds were given as input in ansys and the 
rotor speeds obtained are tabulated in tables 1 and 2 for 3 bladed VAWT and 5 bladed VAWT. Efficiency of the 
VAWT for 3 bladed and 5 bladed is almost same. 
 

Table 1: Consolidated Results of 3 Bladed VAWT 

SPEE
D 

VELOCITY 
m/s (rotor) 

STATIC 
PRESSURE 
(Pa) 

TOTAL 
PRESSURE 
(Pa) 

WIND 
POWER 
(W) 

POWER 
FROM 
TURBINE 
(W)  

EFFICIENCY  
ɳ  (%) 

5m/s 14.97 302 109.2 15.33 411.69 3.72 

7m/s 17.9 354 220 42.09 703.83 5.98 

9m/s 22.5 464 543 89.46 1397.83 6.39 

11m/s 23.2 504 613 163.33 1532.40 10.65 

Table 2: Consolidated Results of 5 Bladed VAWT 

SPEE
D 

VELOCITY 
m/s (rotor) 

STATIC 
PRESSURE 
(Pa) 

TOTAL 
PRESSURE 
(Pa) 

WIND 
POWER 
(W) 

POWER 
FROM 
TURBINE 
(W)  

EFFICIENCY  
ɳ (%) 

5m/s 17.4 194 197 15.33 646.48 2.37 

7m/s 22.5 448 523 42.09 1397.83 3.01 

9m/s 22.5 465 543 89.46 1397.83 6.39 

11m/s 23.2 501 610 163.33 1532.40 10.65 
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Figure 21: Graph representing the speed vs velocity for 3 bladed VAWT 

 

 
Figure 22: Graph representing the speed vs static pressure for 3 bladed VAWT 

 

 
Figure 23: Graph representing the speed vs total pressure for 3 bladed VAWT 

 

 
Figure 24: Graph representing the speed vs wind power for 3 bladed VAWT 
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Figure 25: Graph representing the speed vs turbine power for 3 bladed VAWT 

 
Figure 26: Graph representing the speed vs efficiency for 3 bladed VAWT 

 

 
Figure 27: Graph representing the speed vs static pressure for 5 bladed VAWT 

 

 
Figure 28: Graph representing the speed vs total pressure for 5 bladed VAWT 
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Figure 29: Graph representing the speed vs wind power for 5 bladed VAWT 

 
Figure 30: Graph representing the speed vs turbine power for 5 bladed VAWT 

 
Figure 31: Graph representing the speed vs efficiency for 5 bladed VAWT 

 
Figure 32: Graph representing the speed vs velocity for 5 bladed VAWT 

 
5. CONCLUSION 

From the results obtained from ansys on NACA 0020 for various speeds and no. of blades, keeping angle of 
attack 0o, there is improvement in the performance of the wind turbine as the speed increases. The maximum 
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efficiency of the VAWT is obtained at 11m/s was the power from the turbine is calculated to be 1532.20W and 
the efficiency of the turbine is 10.65%. 
 
It is also observed that rotor velocity for 5 bladed VAWT is same at various speeds of 5m/s and 7m/s. The 
efficiency of the system is different as the incoming velocity is varying. Higher pressure difference is seen 
VAWT having 5 bladed than 3 bladed. 
 
It is also observed that maximum efficiency at very low speed is attained in 3 bladed VAWT i.e. 3.72% than that 
of 5 bladed VAWT 2.37%. 
 
It finally concluded that 3 Bladed VAWT is optimum and is suitable to installed in commercial application 
within the cities.  
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