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Abstract- With depleting fossil fuels and hydrocarbons, alternate energy resources have become very important. Wind 
energy is one such renewable source of energy to be considered and a wind turbine is a device used to tap this energy. Wind 
energy has great potential but is not much explored. Wind energy is available at high altitudes, near the shores and many 
other such areas. Savonius Rotor Wind Turbine is a vertical axis wind turbine which has high starting torque. This work is an 
effort to find the usability of wind turbines made of Mild Steel material. In this paper the authors have tried to prove that 
materials like mild steel if used can withstand and sustain even in harsh wind conditions. The vertical axis wind turbine is 
modelled in Creo Parametric 2.0.The analysis is carried out in Ansys 15.0. 
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I. INTRODUCTION 
 
Savonius rotor wind turbine is one of the most 
versatile rotor types to be used for tapping wind 
energy. The easy starting capabilities without the 
requirement of any other sources other than wind to 
rotate it make it suitable for low altitudes. The 
Savonius wind turbine was invented by the Finnish 
engineer Sigurd Johannes Savonius in 1922. The 
application of this kind of rotor for wind energy 
tapping is easy as it is self starting in nature. It can be 
used to tap the energy from the speeding vehicles on 
the highways for which efforts are being made. But 
for this there needs to be a design which brings out 
the maximum out of the available. Materials like mild 
steel are not normally used but can be put into use 
since these materials can withstand harsh winds and 
can generate power by proper gearing provided. 
Mostly composite materials are used for such 
constructions but this paper proves that mild steel 
materials can also be used as these can provide a 
balance between strength and power generated. For 
this an analysis of the wind turbine model constructed 
is performed and this is put to analysis. The 
parameters measured are Equivalent Stress and 
Equivalent strain. These are based on distortion 
energy failure theory which is used to test the 
strength of various industrial products and is 
considered reliable. The deformation is also taken 
into consideration.  

 
Fig.1 Model of the Savonius rotor designed by the authors 

using CREO v2.0 

 
II. LITERATURE REVIEW 
 
Patel C.R., Patel V.K., Prabhu S.V.and Eldho T.I. [1] 
investigated the overlap ratio for Savonis type 
vertical axis hydro turbine and found that the 
optimum value of this ratio which gives out 
maximum power coefficient Cp of 0.5 at a Tip Speed 
Ratio (TSR) of 1.2 was 0.2.  K.K. Sharma et al. [2] 
measured the performance of a Two-Stage Two-
Bladed Savonius Rotor in a 3m ×30cm × 30cm wind 
tunnel and showed that a maximum Cp of 0.517 could 
be obtained at 9.37% overlap condition of the two 
stages of blades. Burcin Deda Altan, Mehmet 
Atılgan, Aydog an Ozdamar[3] introduced the 
proposal of usage of curtaining to improve the 
performance of Savonius rotor and found that the 
maximum power coefficient was increased to about 
38.5% with the optimum curtain arrangement. Jorge 
Antonio Villar Alé, Marcelo Roberto Petry, Sérgio 
Boscato Garcia, Gabriel Cirilo da Silva Simioni and 
Gustavo Konzen[4] evaluated the performance of 
next generation of small vertical axis wind turbine in 
controlled environments. A. A. Kadam, S.S. Patil[5] 
studied the performance of Savonius wind rotor and 
concluded that  the two blades rotor is more stable in 
operation than three or more rotor blades, the power 
coefficient increases with increase in the aspect ratio. 
The rotor blades with end plates give higher 
efficiency than those  without end plates. Mohammed 
Hadi Ali[6] compared Savonius Wind Turbine of two 
& three blades at low wind speed observed from the 
measured and calculated results that the two blades 
Savonius wind turbine is more efficient, it has higher 
power coefficient under the same test condition than 
that of three blades savonius wind turbine. Ashwin 
Dhote1, Prof. Vaibhav Bankar[7] designed, analysed 
and fabricated a four bladed wind turbine and showed 
that 10% of the household consumption can be 
fulfilled by the Savonius wind turbine alone. 
Laxmikant N.Dhoble and Dr.A.K.Mahalle[8] studied 
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various factors such as aspect ratio, overlap ratio, 
number of blade, interference of shaft, influence of 
stator, influence of Reynolds number, shape of rotor 
of a Savonius rotor and reviewed the work in this 
field. Ivan Dobrev and Fawaz Massouh[9] evaluated 
the flow around a Savonius wind turbine by testing it 
in the wind tunnel and performing CFD analysis and 
concluded that detached eddy simulation represents 
the turbulent flow of a Savonius turbine or other such 
drag type turbines. N. Burány and A. Zachár [10] 
modelled a Savonius wind turbine and performed a 
CFD analysis for it and concluded that at velocity of 
10m/s their model could generate a torque of 20Nm 
to 30Nm and a power of 100W to 150 W.  
 
III. METHODOLOGY 
 
The methodology followed includes the following: 
 
3.1. Nomenclature 
H – Height of the rotor 
D – Diameter of the Rotor 
e – Overlap between the blades 
a – Diameter of the central shaft 
d – Diameter of the blade 
v – Velocity of air 
V – Volume of the blades to which the air hits 
ρ – Density of air  
m – Mass of air 
 
3.2. Design Parameters: 
3.2.1 Aspect Ratio	(휶): 
It is the ratio of the height of the turbine blade almost 
equal to the height of the rotor to the diameter of the 
rotor given by,  
   α =  
3.2.2 Overlap Ratio (β): 
It is the ratio of the radius of the shaft (a/2) at the 
centre subtracted from  the half of the overlap 
distance between the blades (e/2) to the diameter of 
the blade(d) given by, 

  β = 
	 	 	

 
 

 
Fig.2 Dimensions of a Savonius Rotor 

3.3 Design: 

 
 
3.4. Analysis: 
A static analysis is performed in ANSYS 15.0. The 
material used in this analysis is mild steel. 
 
3.4.1 Force Analysis: 
The force analysis is performed to find the force 
exerted by the wind on the turbine under normal and 
cyclonic wind conditions and to get the force value to 
be considered for analysis of the strength of the 
turbine made of mild steel to justify its usability. The 
data considered for the force analysis is as follows: 
 

 
 
1. Normal wind: 
The force exerted by the air is calculated by initially 
getting the mass of the air (m) by multiplying density 
of air to the volume of the turbine which it hits. 
 The volume (V) is obtained as, 
 V = H ×D × d/2 = 0.0436m3 
The mass of air is obtained as, 
 m = V × ρ = 0.0516Kg 
Momentum of air is obtained as, 
 p = m × v = 0.258 kgm/s 
Force per second obtained is 0.258N 
 
2. Cyclonic wind: 
Using same formulae the force obtained for cyclonic 
wind with speeds up to 60m/s is 3.096N 
 
3.4.2 Analysis in ANSYS Work Bench 15.0: 
ANSYS is used to calculate the stresses and strains 
due to the force exerted by the wind on the wind 
turbine made of mild steel material. The material 
properties of mild steel are compared to the values 
obtained which would be enough to justify the 
design.  
 
IV. RESULTS 
 
1. Total Deformation: 
The total deformation obtained in this case is 2.16e-
6m. 
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Fig.3 Deformation of the model 

 
2. Equivalent Stress: 
The total equivalent stress value obtained is 90468Pa 
which is very less than yield strength of Mild Steel 
which is 3.5e08. 
 

 
Fig.4 Equivalent stress of the model 

 
3. Equivalent Strain: 
The total equivalent strain obtained in this case is 
4.3272e-7 which is much less than material maximum 
which is 1.67e-03. 

 
Fig.5 Equivalent strain of the model 

 
CONCLUSIONS AND DISCUSSIONS 
 
The conclusions derived from this analysis are as 
follows: 

1. The total deformation obtained in this case is 
2.16e-6m 
2. The total equivalent stress value obtained is 
90468Pa. 
3. The total equivalent strain obtained in this case is 
4.3272e-7. 
Hence this type of Wind turbines can be used if they 
are firmly fixed to the ground. They can withstand 
any sort of wind and firmly resist any change within 
them. 
REFERENCES 
 

[1] Patel C.R., Patel V.K., Prabhu S.V., Eldho T.I, 
“Investigation of Overlap Ratio for Savonius Type 
Vertical Axis Hydro Turbine”, International Journal of 
Soft Computing and Engineering (IJSCE), ISSN: 2231-
2307, Volume-3, Issue-2, May 2013. 

[2] K.K. Sharma, R. Gupta, A.Biswas, “Performance 
Measurement of a Two-Stage Two-Bladed Savonius 
Rotor”, International Journal of Renewable Energy 
Research, Vol.4, No.1, 2014 

[3] Burcin Deda Altan , Mehmet Atılgan, Aydog an Ozdamar, 
“An experimental study on improvement of a Savonius 
rotor performance with curtaining”, Ege University, 
Bornova, 35100 Izmir, Turkey, Experimental Thermal and 
Fluid Science 32 (2008) 1673–1678. 

[4] Jorge Antonio Villar Alé, Marcelo Roberto Petry, Sérgio 
Boscato Garcia, Gabriel Cirilo da Silva Simioni, Gustavo 
Konzen,, “Performance Evaluation Of The Next 
Generation Of Small Vertical Axis Wind Turbine”, 
Ipiranga, 6681 – Porto Alegre, RS – Brazil, CEP: 90619-
900. 

[5] A. Kadam, S.S. Patil “A Review Study on Savonius Wind 
Rotors for Accessing the Power Performance”, IOSR 
Journal of Mechanical and Civil Engineering (IOSR-
JMCE), ISSN(e) : 2278-1684, ISSN(p) : 2320–334X, PP : 
18-24. 

[6] Mohammed Hadi Ali, “Experimental Comparison Study 
for Savonius Wind Turbine of Two & Three Blades At 
Low Wind Speed”, International Journal of Modern 
Engineering Research, Vol. 3, Issue. 5, Sep Oct. 2013 pp-
2978-2986ISSN: 2249-6645. 

[7] Ashwin Dhote1, “ Design, Analysis And 
Fabrication Of Savonius Vertical Axis Wind Turbine”, 
International Research Journal of Engineering and 
Technology, ISSN: 2395 -0056 Volume: 02 Issue: 03 | 
Jun-2015.  

[8] Laxmikant N.Dhoble1, Dr.A.K.Mahalle, “CFD Analysis 
Of Savonius Vertical Axis Wind Turbine”, International 
Research Journal of Engineering and Technology, 
Volume: 03 Issue: 01 | Jan-2016, ISSN: 2395-0072, e-
ISSN: 2395 -0056 

[9] Ivan Dobre, Fawaz Massouh1, “Exploring the Flow 
around a Savonius Wind Turbine”, Applications of Laser 
Techniques to Fluid Mechanics, Portugal, 09-12 July, 
2012. 

[10] N. Burány, Subotica Tech, Subotica, “Evaluation of a 
Wind Turbine with Savonius-Type Rotor”. 

 
 
 

 
 

 
 
 

 
 


