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1. INTRODUCTION 
     The utilization of wind energy is not a new technology 

but draws on the rediscovery of a long tradition of wind 

power technology. However, expected developments 

have not been achieved in wind driven machines to cope 

with the characteristics of wind turbines. Conventional 

machines are being used now a day even though they are 

not always suitable from the operational point of view. 

Arising from the increasing practical importance of wind 

turbine aerodynamics, there have been, over the past few 

decades, enormous increases in research works 

concerning laboratory simulations, full-scale 
measurements and more recently, numerical calculations 

and theoretical predictions of flows over a wide variety 

of vane type wind turbine. Bowden, G.J. and McAleese, 

S.A. [2] made some measurements on the Queensland 

optimum S-shaped rotor to examine the properties of 

isolated and coupled S-shaped rotor. Huda et al. [3] 

analyzed the performance of S-shaped rotor by placing a 

flat plate in front of the returning blade. Islam et al. [5] 

investigated the aerodynamic forces acting on a 

stationary S-shaped rotor and made an attempt to predict 

the dynamic performance from these forces. 
     This paper reports on the investigation on wind 

loading and aerodynamic effects on the four, five and six 

bladed S-shaped vertical axis vane type rotor conducted 

with the help of a subsonic wind tunnel together with the 

experimental set-up of the vane type rotor and a spring 

balance. This Vane type rotor of S-shaped cross section is 

predominantly drag based, but also uses a certain amount 

of aerodynamic lift. Drag based vertical axis wind 

turbines have relatively higher starting torque and less 

rotational speed than their lift based counterparts. 

Furthermore, their power output to weight ratio is also 

less. Because of the low speed, these are generally 

considered unsuitable for producing electricity, although 

it is possible by selecting proper gear trains. Drag based 

windmills are useful for other applications such as 

grinding grain, pumping water and a small output of 

electricity. A major advantage of drag based vertical axis 

wind turbines lies in their self–starting capacity, unlike 

the Darrieus lift–based vertical axis wind turbines. 

 

2. SET-UP OF THE EXPERIMENT 
     The experiment was carried out in the open circuit 
subsonic wind tunnel with an outlet test section of (490 

mm x 490 mm) cross-section and the rotor was 

positioned at the exit section of the wind tunnel. The 

rotors were made of PVC material. Both the top and 

bottom ends of the rotor were fitted with end caps. The 

whole rotor was fixed on an iron frame by using a shaft 

that was inserted into it and two ball bearings. A pulley 

was attached at one end of shaft. A strip whose one side 

was tied to a spring balance and other side to a load 

carrying plate was prepared for passing over that pulley. 

A radium sticker was attached to that side of shaft. The 
spring balance was attached to the iron frame. The whole 

experimental set-up is shown in Figure 1. 
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Fig 1. Schematic diagram of wind tunnel 

 

 
The cross-sectional and three dimensional views of four, five 
and six bladed S-shaped vane type rotors are shown in Figure 2. 
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Fig 2. Cross-sectional and three dimensional views of 

four, five and six bladed rotor 
 

3. RESULTS AND DISCUSSIONS 
     In Figures 3 to 7 comparisons have been made among 

the curves of power co-efficient versus tip speed ratio of 

multi-bladed S-shaped rotor at different Reynolds 

number.  

 

 
Fig  3. Comparisons of power coefficient versus tip speed 

ratio of 4, 5 and 6 bladed rotors at Reynolds number of 

0.75 x 105 

 

 
Fig 4. Comparisons of power coefficient versus tip speed 

ratio of 4, 5 and 6 bladed rotors at Reynolds number of 

0.90 x 105 

 

 

 
Fig 5. Comparisons of power coefficient versus tip speed 

ratio of 4, 5 and 6 bladed rotors at Reynolds number of 

1.05 x 105 

 

 

 
Fig 6. Comparisons of power coefficient versus tip speed 

ratio of 4, 5 and 6 bladed rotors at Reynolds number of 

1.20 x 105 
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Fig 7. Comparisons of power coefficient versus tip speed 
ratio of 4, 5 and 6 bladed rotors at Reynolds number of 

1.35 x 105 

 

From these graphs (Figure 3-7) it is evident that with the 

increase in number of blades the maximum value of 

power coefficient also increases and it is shifted towards 

the lower values of tip speed ratio.
 

In Figures 8 to 12 comparisons have been made among 

the curves of torque co-efficient versus tip speed ratio of 

multi-bladed S-shaped rotor at different Reynolds 

number. 

 
 

 
Fig 8. Comparisons of torque coefficient versus tip speed 

ratio of 4, 5 and 6 bladed rotors at Reynolds number of 
0.75 x 105 

 

 

 
 

Fig  9. Comparisons of torque coefficient versus tip 

speed ratio of 4, 5 and 6 bladed rotors at Reynolds 

number of 0.90 x 105 

 
Fig 10. Comparisons of torque coefficient versus tip 

speed ratio of 4, 5 and 6 bladed rotors at Reynolds 

number of 1.05 x 105 

 

 

 

Fig 11. Comparisons of torque coefficient versus tip 

speed ratio of 4, 5 and 6 bladed rotors at Reynolds 

number of 1.20 x 105 

 

 

 

Fig 12. Comparisons of torque coefficient versus tip 

speed ratio of 4, 5 and 6 bladed rotors at Reynolds 

number of 1.35 x 105 

 

From these graphs (Figure 8-12) it is evident that for 

rotor having higher number of blades the maximum 

value of torque coefficient is also higher and it is shifted 

towards the lower values of tip speed ratio. 

 
4. CONCLUSION 
 

     From the study, analysis and results of this research 

work, the following conclusions can be made: 
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1. For higher value of Reynolds number the value of 

maximum power coefficient is higher.  

2. For the same Reynolds number, the increase in 

number of blades makes the maximum value of 

power coefficient higher. 

3. By increasing the number of blades of rotor to the 
optimum limit considering all significant factors and 

at the same time by increasing its Reynolds number, 

the power output can be increased to its maximum 

level. 

4. At higher Reynolds number the value of maximum 

torque co-efficient is slightly lower. 

5. At the same Reynolds number for rotor having 

higher number of blades the maximum value of 

torque coefficient is also higher.  

6. The trend of all curves in each figure (showing 

comparison among the trend of predicted dynamic 

aerodynamic characteristics and similar research 
works) is same. 
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