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Abstract 

The Savonius wind turbine is one of the most widely used vertical axis wind turbines. To achieve maximum efficiency, a twist 

angle is provided in the turbine blades. This paper gives a detailed explanation of the effect of the twist angle provided to the 

savonius wind turbine blade to its efficiency. Three-dimensional geometries of the savonius wind turbine with two blades created 

in SOLIDWORKS 2015 and the flow behavior of air analyzed using ANSYS Fluent 14.0 fluid simulation software. Air at an inlet 

velocity of 5 m/s, 10 m/s, 15 m/s & 20 m/s passed through the savonius turbine with blades twisted at 0°, 45°, 90° & 180° angles. 

The maximum theoretical efficiency of the turbine is calculated and compared at different twist angles. The results show that the 

maximum efficiency of the savonius wind turbine is achievable at a 45° twist angle.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Vertical axis wind turbines are always known for their low overall efficiency as compared to a horizontal axis wind turbine. 

Savonius wind turbine, one of the most widely used vertical axis wind turbine also has a similar problem with overall achievable 

efficiency is somewhere less than 0.30. Even though the savonius wind turbine has such a low efficiency it is mostly used for low 

development cost and reliability. To improve the achievable efficiency of the savonius wind turbine a twist angle is provided to its 

blades. This twist angle affects its efficiency and the total power output. The total achievable efficiency and power output of the 

turbine is depending on the total generated torque and the total number of rotations per minute. The twist angle of the savonius 

wind turbine blades determines it’s contact characteristics with the wind, which ultimately affects its rotational speed and torque 

generation. The best-suited twist angle of the blades can be determined with the experimental method which gives results based 

on global parameters, but performing an experimental method is very costly and it requires a different set of blades for the study 

of different twist angle. This approach is also very time-consuming. The computational fluid dynamics provides an alternative 

solution to determine the best-suited twist angle for the savonius wind turbine. Which is cost-effective and faster than experimental 

testing. 

II. COMPUTATIONAL METHODOLOGY 

Four 3-Dimensional CAD models of the savonius wind turbine with two blades created with the help of SOLIDWORKS 2015.     

The CAD models of savonius wind turbine blades are twisted at 0°, 45°, 90° & 180°. The various dimensions and parameters of 

the turbine are given in table 1. The CAD model of the turbine imported in ANSYS fluent 2014 fluid simulation software. The 

developed CAD model messed with a hexahedral element with a very fine sizing for better accuracy. The various operating and 

boundary conditions defined. K –   epsilon viscous model is used for simulation considering the turbulent flow characteristic of 

airflow. The first simulation on the turbine with a blade twisted at a 0° angle carried out. Velocity and pressure profile of the blade 

plotted. The thrust force on the blade is found out. The simulation is repeated with the same CAD model at an inlet velocity of 5 

m/s, 10 m/s, 15 m/s and 20 m/s and thrust force at a different velocity is found out. The thrust force is used to find out the theoretical 

maximum possible efficiency of the wind turbine. The simulation is repeated with other models with twist angles at 45°, 90° & 

180°. The graphs between the theoretical efficiency and Inlet wind velocity is plotted and compared. 
Table – 1 

Type of Test Blade Savonius 

Blade Height 1000 mm 

Blade Diameter 300 mm 

Blade thickness 10 mm 
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Number of Blades 2 

Twist Angles 0°, 45°, 90° & 180° 

Type of Model K – epsilon 

Mess type Hexahedral 

Working fluid Air 

Inlet Velocity 5 m/s, 10 m/s, 15 m/s & 20 m/s 

III. TURBINE EFFICIENCY CALCULATION 

The maximum theoretical efficiency of the turbine η is calculated by using the following formula. 

      𝜂 =
𝑃𝑡

𝑃𝑎
                                                              (1) 

 Where, 𝑃𝑡 is the power on the rotor and 𝑃𝑎 is wind power 

The power of the wind can be calculated by the given equation, 

𝑃𝑎 =
1

2
𝜌𝐴𝑉3 

 Where 𝜌 is the density of the air (1.225 𝑘𝑔/𝑚3), V is the inlet velocity of the wind in 𝑚/𝑠  and A is the swept area in 𝑚2 

The power of the rotor can be calculated by the given equation,  

𝑃𝑡 =  
2𝜋𝑁𝑇

60
 

 Where N is the generated rotation per minutes (RPM) of the turbine and T is the generated torque. 

Tip speed ratio λ is a very important factor while calculation of wind turbine power with two or more blades. It provides the effect 

of the number of blades in a wind turbine. It is the ratio of the speed of the blade tip v to the wind velocity V.  

𝜆 =
𝑣

𝑉
=

𝜔𝑟

𝑉
=

2𝜋𝑁𝑟

60𝑉
 

 Where, r is the blade radius, which is half of the turbine diameter D. Tip speed ratio 𝜆 for two blade vertical axis wind turbine 

can be calculated as [6]. 

The generated torque T on the rotor is given by,   

𝑇 = 𝐹𝑇 

𝐷

2
 

 Where D is the diameter in m and 𝐹𝑇 is the generated thrust force on the blades. Thrust force on the blade 𝐹𝑇  is calculated with 

the help of ANSYS fluent 14.0 fluid simulation software. 

IV. RESULTS 

The simulations are carried out on all four turbines with blades twisted at 0°, 45°, 90° & 180°. As these angles are mostly used 

with a savonius turbine. The simulations are carried out at inlet velocity of 5 m/s, 10 m/s, 15 m/s & 20 m/s. As this is an optimal 

range of wind velocity for a vertical axis wind turbine. The pressure profile for all turbine blades is plotted. The contour of total 

pressure distribution for all the turbine blades working at an inlet velocity of 15 m/s is shown in fig. 1. After leaving the turbine 

blades, air creates a large low-pressure area. This area is different for different twist angle. The zero twist angle creates a much 

larger low-pressure area which means the blade with zero-twist angles has a larger contact area between the air and the blades but 

it doesn’t mean that the larger area creates better trust force as shown in fig 1. The turbine blade twisted at 45° creates the largest 

trust force and has lesser contact area as compared to a zero-twist angle blade. Similarly, the turbine blade twisted at 90° creates 

large trust force and the turbine twisted at 180° creates a large contact area but a comparatively less thrust force. 



Computational Analysis of Savonius Wind Turbine Blades  
(IJSTE/ Volume 7 / Issue 6 / 001) 

 

 All rights reserved by www.ijste.org 
 

3 

 
Fig. 1: 

 The total pressure and the maximum contact area between the wind and the turbine blades are used to find the trust force 

generated on the turbine blades. The thrust force further used to calculate the power generated by the turbine. The power generated 

by the turbine and wind power is used to calculate the maximum theoretical turbine efficiency. The simulation is carried out at 

different velocities. The graphs are plotted between the maximum theoretical efficiency and wind velocity. These graphs are shown 

in fig 2. As shown in the graphs the maximum theoretical efficiency of the turbine blade twisted at a 0° angle varies from 0.67 to 

0.84. The efficiency increases with inlet velocity and after sometimes remain constant. The maximum theoretical efficiency of the 

turbine with a blade twisted at a 45° angle shows a different pattern, its maximum theoretical efficiency varies from 0.78 to 0.92. 

The efficient first decrease with the inlet velocity, but after some time it increases and then remains constant. The maximum 

theoretical efficiency of the turbine with blade twisted at 90° mostly remain constant at all inlet velocities and ranges from 0.79 to 

0.83. The maximum theoretical efficiency of the turbine with a blade twisted at 180° performs better at low inlet velocity, its 

efficiency increases with inlet velocity but after some time decreases and then remain constant. Its efficiency varies from 0.84 to 

0.91.   

 
Fig. 2 
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V. CONCLUSION 

After calculation and comparison of the maximum theoretical efficiency for all four types of turbine blades. It is concluded that 

the savonius wind turbine performs best at 45° twist angle. At this angle, the achievable maximum theoretical efficiency is 

comparatively higher and it increases with the wind velocity until it becomes constant. The savonius wind turbine with blades 

twisted at 45° works best with wind velocity ranges from 12 m/s to 20 m/s. Which is an optimal range of wind velocity for a 

vertical axis wind turbine. The savonius wind turbine with blades twisted at 180° works best with low-speed wind velocity. Its best 

working range of wind velocity is up to 12 m/s. This study also concludes that with an increase in twist angle the performance of 

the savonius wind turbine increases at low velocity. But at low-velocity turbine also generates less positive torque so less overall 

output. 
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