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Abstract 

The main drawback of Savonius is its low efficiency; this is due to the opposing force of opposing blade with 

the free stream. As the efficiency of wind turbine rotor is low, there is an opportunity to enhance the efficiency 

of a wind turbine rotor. If the efficiency of wind turbine rotor increased by 1%, it could be gained into huge 

profits. Till now, the wind velocity has been increased by using different rotors and reducers for   power genera-

tion. In this study it is suggested three different methods, two methods of moving blade arrangement without 

changing the basic structure of a Savonius wind rotor and a conical reducer used to improve the performance 

and increase the efficiency of the rotor. 
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1. Introduction 

Wind energy with significant increase in annual installation capacity is being reported around the world. In the 

continuous search of clean, safe and renewable energy sources, wind power is certainly one of the most attractive 

solutions. Wind power has been in use for several centuries for propelling ships, driving wind mills, pumping 

water, and irrigating fields and numerous other purposes.  

Table 01. Various renewable energies 

Type of energy  Installed Capacity (MW)  

Wind  27441.15 * 

Biomass Power 4860.83 * 

Solar Energy 8062.00 * 

Small Hydro 4304.27 * 

From waste 115.08 * 

Total  44783.33* 

* (Source: Ministry of New and Renewable energy 2016). 

 

http://www.ijsrmes.com/


R. Pandey and A. Singh IJSRMES2020029 1(3): 11–16 (2020) 

 

IJSRMES: International Journal for Scientific Research in Modern Engineering and Science 13 

 

The exploitation of plenty of cheap fossil fuels and development of internal combustion engines have led to the 

wind owner being gradually replaced by other energy sources during the first half of the century. The oil crisis 

of 1973 together with environmental consciousness has however renewed the interest in the wind power all over 

the world. 

2. Literature Review 

Dobrev and Massouh, (2011) [1], presented the study of a Savonius wind turbine destined for use in an autono-

mous power supply device. The experimental study was carried out in wind tunnel using a model turbine equipped 

with transparent rotor. PIV was used to measure the instantaneous velocity field in the middle of the rotor normally 

to the axis of rotation. The velocity measurements were synchronized with the rotor azimuthal position. To enlarge 

the investigation plane, two parallel cameras were used simultaneously. The PIV experiments were conducted at 

6 azimuth rotor positions. Then the rotor performance was also measured. The obtained experimental data are 

needed for comparison with simulation. The comparison of wake and shedding vorticity with experiment shows 

that the 3D/k- ε modeling gives results similar to phase averaged velocity, but not to real instantaneous velocity. 

Also, the flow structures are nearly identical with respect to the plane of rotor symmetry. 

Roy and Saha, (2013) [2], studied to carried out to get effect of overlap ratios on the static torque performance of 

a drag based VAWT of Savonius type in the 2-D unsteady simulations. A realizable k- ε turbulence model was 

observed to be the superior among the various k-ε turbulence models tested. While considering the turbine starting 

ability, the large variation of the static torques at various angular positions from = 0° to 360° and the negative 

torque values at the 2nd and 4th quarter of the turbine rotational cycle were the major drawback for this turbine. 

However, from his computational study, it was observed that with the increase in the blade overlap, positive static 

torque coefficients are recognized in the complete rotational cycle of this turbine. As the overlap ratio increases 

at a value of 0.20, the large variation of the static torques at various angular positions is also reduced. An optimum 

mean static torque coefficient of 0.224 is obtained with = 0.20 at U= 10.44 m/s. The increase of the static torque 

with the increase of overlap ratio is mainly due to increased pressure on the concave side of the turbine returning 

blade.  

Brusca et al, (2014) [3], worked at designing a vertical-axis wind turbine to maximize its power coefficient. It had 

been seen that the power coefficient of a wind turbine increases as the blade’s Reynolds number rises. Using a 

calculation code based on the Multiple Stream Tube Model, it was highlighted that the power coefficient is influ-

enced by both rotor solidity and Reynolds number. By analyzing the factors which influence the Reynolds number, 

it was found that the ratio between blade height and rotor radius (aspect ratio) influences the Reynolds number 

and as a consequence the power coefficient. 

Maldonado et al, (2014) [4], proposed the Savonius type rotor in velocity as a function of overlap ratio. The 

implementation of the R factor in Savonius wind turbine allows an air flow pass in the opposite direction to the 
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convex blade, this cause a torque in favor to the Savonius rotor. Likewise, the implementation of curtains in the 

Savonius rotor increases the torque to the rotor. When flow of air has a different direction from the angles of the 

window, the system will operate as a conventional Savonius. An analysis was made in the Savonius rotor speeds 

as a function of incident angle of the flow air on the blades. The simulation results were allowed obtaining the 

best setting of blades for the optimal Cp of the Savonius rotor. 

Lates and Velicu, (2014) [5], presented the finite element modeling by using the CFD based Ansys 14.0 software 

of a multiblade small Savonius wind turbine and the theoretical modelling of it; the purpose of the modeling 

consists in finding out the wind turbines behavior depending on its blades number. As general conclusion, from 

the all analysed points of view, the 2 blades Savonius wind turbine is recommended to be used instead of Savonius 

wind turbines with higher number of blades. 

Patil and Thakare, (2015) [6], an attempt was made to investigate the Lift and Drag forces for different Reynolds 

number and angle of attack for wind turbine blade. In present work NACA 0012 airfoil profile is considered for 

analysis of wind turbine blade. The Lift and Drag forces are calculated at different angle of attack varying from 

0o to 80o for Reynolds number from 10,000 to 800000 by Computational Fluid Dynamics (CFD) analysis. The 

validations of the present work are done by comparing the results obtained from analysis with experimental results 

obtained by Sandia National Laboratories (SNL) energy report. It is observed that results obtained by present CFD 

analysis are comparatively closely matching with results published by SNL energy report. With the validated CFD 

method, the investigation of "CL and CD values" for lower Reynolds number, 1000 and 5000, has been carried 

out. The values of CL and CD at lower Reynolds number is much important in analysis of Darrieus and horizontal 

axis type of wind turbine blade, still it these values are not available from the literature reviewed. From CFD 

analysis it is concluded that as Reynolds number increase lift forces and drag forces increases. NACA 0012 pro-

vides maximum lift and drag at higher Reynolds number. 

Dhote and Bankar (2015) [7], concluded drawn at least 10% power of the consumption can be fulfil by this set 

up. Multi stage generator is the double generation concept with the same size rotor. Gear arrangement can increase 

the number of rpm in case of low wind speed. This turbine is generally suitable for 8 to 10m of height above 

ground level. Because at ground level velocity of air is very less. Combination of alternator with gear arrangement 

can be used to increase output but unnecessarily it will increase the cost of machine. Considering the all-weather 

point of view the material use should be non-corrosive. The alternate option for turbine blade material is reinforced 

glass fibre because of its more elastic nature but it is costlier than aluminium alloy. The cost of the machine should 

be as minimum as possible. So that it will be economical for everyone to purchase. 

Chowdhury et al (2016) [9], studied of choosing a right turbulence model for solving URANS equation, mesh 

dependency analysis and optimum time step is comprehended. After choosing the right parameters, validation is 

performed. Following that the flow fields of upright and tilted conditions are visualized. The possible reasons of 

getting higher power coefficient in tilted condition have been discussed. While carrying out the study, it is 
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observed that in case of tilted configuration the wake stream shifts downward. This feature of VAWT in tilted 

condition could lead into effective sea surface utilization in floating offshore wind farms. 

Goh et al, (2016) [10], explored the possibility of improving the cp of a Savonius turbine simply by installing it 

on a building, a turbine was con- structed and mounted on a bluff body and tow tested. Test results were used to 

validate CFD simulation satisfactorily by selectively using those that were obtained under low cross wind condi-

tions. Simulation results were used to derive the free stream wind speed of the experimental runs and these were 

used to obtain composite results of the Cp. It was found that at higher free stream wind speed of about 12 m/s, the 

peak Cp improved to 0.195 compared to 0.155 to 0.16 for a normally installed turbine. No improvement was 

found for lower wind speeds. 

Sunny and Kumar et al, (2016) [11], designed aerodynamic modelling of straight bladed vertical axis wind turbine 

model. Apart from this a practical model is designed and tested in wind tunnels to test its feasibility. The analyzed 

experimental results evaluated the characteristics parameters of VAWT. Wind tunnel test results showed the ac-

ceptable performance. However future work should be done on selecting a high quality and lighter weight material 

for designing. This would help in achieving good cut in speeds. Apart from this the performance of the wind 

turbine can be evaluated by modelling and testing with different type of airfoils. 

Rezaeiha et al, (2017) [12], studied to investigated the effect of the domain size (distance from the turbine center 

to the inlet and outlet, domain width), diameter of the rotating core and azimuthal increment on the performance 

of a low-solidity VAWT rotating at a moderate tip speed ratio of 4.5 and a medium range (chord-based) Reynolds 

number (100,000e200,000) using 2D URANS CFD simulations. Results of a 2.5D simulation showed negligible 

difference with 2D results for the studied case representing the midplane of a high aspect ratio turbine where the 

3D tip effects are negligible. The results were validated with experimental data. 

Ferrari et al, (2017) [13], a CFD investigation has been conducted on Savonius vertical axis wind turbine. A grid 

was constructed in order to detect the main flow effect generated by the rotor. In the first part of mesh study, a 

successive refinement has been done to obtain performance of the turbine not affected by discretization errors. 

During the second phase, the optimization has lead to 70% reduction of elements number while maintaining a 

good accuracy. The 2D model over predict the turbine efficiency and doesn’t replicate the shape of characteristic 

curve. There is a peak shift to TSR 1 while wind tunnel tests report maximum power at TSR 0.8. 3D model has 

partially solved the problem, reproducing the same characteristic experimental curve but showing a little under-

prediction of experimental rotor efficiency. All data are inside uncertainty bands of measurement instruments. 

This validate the numerical method applied. The last part was focused on rotor height effect over efficiency. A 

performance improvement was observed for higher rotors but the trend is asymptotic to a limit. Analyzing lateral 

and longitudinal force, the main difference between the rotors has been observed about lift coefficient. 2D model 

is characterized by higher lift than the full three-dimensional simulations. In the same way, taller rotors have 

greater lateral forces on blades. 
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3. Conclusion 

A few experiments were taken up earlier to increase wind speed using different methods like single nozzle system 

etc. For the first time, moving blade arrangement and   conical reducer rotor system and slope with slant curtaining 

system have been used in this investigation and study. The present thesis highlights, the  

importance of increasing the power coefficient of wind turbine. 

References 

[1] Dobrev and F. Massouh, “CFD and PIV investigation of unsteady flow through Savonius wind turbine,” 

Energy Procedia, vol. 6, pp. 711–720, 2011. 

[2] S. Roy and U. K. Saha, “Computational study to assess the influence of overlap ratio on static torque char-

acteristics of a vertical axis wind turbine,” Procedia Eng., vol. 51, no. NUiCONE 2012, pp. 694–702, 2013. 

[3] S. Brusca, R. Lanzafame, and M. Messina, “Design of a vertical-axis wind turbine: how the aspect ratio 

affects the turbine’s performance,” Int. J. Energy Environ. Eng., vol. 5, no. 4, pp. 333–340, 2014. 

[4] R. D. Maldonado et al., “Design, simulation and construction of a Savonius wind rotor for subsidized houses 

in Mexico,” Energy Procedia, vol. 57, pp. 691–697, 2014. 

[5] M. Lates and R. Velicu, “Sustainable Energy in the Built Environment - Steps Towards nZEB,” in Sustain-

able Energy in the Built Environment, 2014, pp. 403–415. 

[6] B. S. Patil and H. R. Thakare, “Computational Fluid Dynamics Analysis of Wind Turbine Blade at Various 

Angles of Attack and Different Reynolds Number,” Procedia Eng., vol. 127, pp. 1363–1369, 2015. 

[7] Dhote and V. Bankar, “Design, Analysis and Fabrication of Savonius Vertical Axis Wind Turbine,” Int. 

Res. J. Eng. Technol., vol. 02, no. 03, pp. 2048–2054, 2015. 

[8] K. Suffer, R. Usubamatov, G. Quadir, and K. Ismail, “Modeling and numerical simulation of a vertical axis 

wind turbine having cavity vanes,” in International Conference on Intelligent Systems, Modelling and Sim-

ulation, 2015, vol. 2015, pp. 479–484. 

[9] M. Chowdhury, H. Akimoto, and Y. Hara, “Comparative CFD analysis of Vertical Axis Wind Turbine in 

upright and tilted configuration,” Renew. Energy, vol. 85, pp. 327–337, 2016. 

[10] S. C. Goh, S. R. Boopathy, C. Krishnaswami, and J. U. Schlüter, “Tow testing of Savonius wind turbine 

above a bluff body complemented by CFD simulation,” Renew. Energy, vol. 87, pp. 332–345, 2016. 

[11] K. A. Sunny and N. M. Kumar, “Vertical Axis Wind Turbine: Aerodynamic Modelling and its Testing in 

Wind Tunnel,” Procedia Comput. Sci., vol. 93, pp. 1017–1023, 2016. 

[12] Rezaeiha, I. Kalkman, and B. Blocken, “CFD simulation of a vertical axis wind turbine operating at a 

moderate tip speed ratio: Guidelines for minimum domain size and azimuthal increment,” Renew. Energy, 

vol. 107, pp. 373–385, 2017. 

[13] G. Ferrari, D. Federici, P. Schito, F. Inzoli, and R. Mereu, “CFD study of Savonius wind turbine: 3D model 

validation and parametric analysis,” Renew. Energy, vol. 105, pp. 722–734, 2017. 


