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Abstract: Due to the scientific development, inventors in the field of wind energy directed to create new designs 

for wind turbines with high efficiency and better than previous designs. This study addresses the problem of 

developing one of the solutions to address the low starting torque of the Darrieus VAWT by increasing the area of 

the blade of WT in contact with the wind for the purpose of optimal exploitation of the kinetic wind energy. The 

mixed H-type Darrieus –Savonius VAWT blade has been designed using of NACA0012 airfoil with Savonius 

wind turbine blade to increase the drag coefficient Cd. In the center of the three blades H-type Darrieus VAWT, 3- 

Savonius blades were placed which rotate on the same rotating shaft. The improvement in the results will appear 

when obtain the highest starting torque at a velocity of 5 m / sec, at a rotation angle of 90°. Mathematical 

calculations was carried out of this design to increase the starting torque of the Darrieus wind turbine, the starting 

torque was increased by 80%, which is a higher value of the starting torque than the value of the normal H-type 

Darrieus VAWT. This new design can be used all over the world because of its high efficiency, simple structure, 

simple technology, and can be made from inexpensive material. 
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Nomenclature    c-  length of airfoil [m] 

Abbreviations Ft- tangent force[ N] 

WT- Wind Turbine V-velocity of wind[(m/s] 

TSR) 𝜆(  -Tip Speed Ratio Cl - coefficient of lift 

VAWT -Vertical Axis Wind Turbine A- area of blade [m2] 

HAWT -Horizontal Axis Wind Turbine Fd- drag force [N] 

DT- Darrieus Turbine p- pressure [pas.] 

Symbols Ω  angular  speed, rad/s 

Fl- lift force [N] θ- rotational angle [dig.] 

r-  radius of rotor [m] C-total velocity [m/s] 

Cp -power coefficient Power Ct -torque coefficient 

T-moment [N.m] D -turbine diameter [m] 

d-  diameter of  shaft [m] Cd-  coefficient of drag 

α- attack angle [dig.] ρ - density of air [kg/m3] 

 

1. Introduction 
Wind vitality gets to be a vital source of power around the world as wind power plants 

are introduced with tall capacities all over the world. The wind vitality contains a dynamic vitality, in this 

manner; numerous gadgets have been designed to change over this dynamic vitality, which is contained within 

the wind stream into mechanical work and after that power.  

The streamlined work of the rotor is characterized by the reality of whether; the wind turbine captures its 

power primarily from the streamlined drag of the discussed stream effect on the rotor. Appropriately and thus, 

there are so-called “drag-type” and “lift-type” and both of them are VAWT. A German producer [1] created the 

H-rotors DWT it has a few features such as basic structure and generator coordinates straightforwardly into the 

rotor without any got to the gearbox. On a small scale, vertical wind turbines are preferred due to their 

interesting contact points such as multiple directions [2], low manufacturing losses, advantages of the generator 

at ground level, and low turbulence. The Savonius WT work on the drag contrast between the pivoting edges. In 

spite of its lower proficiency and most extreme control Cp of 0.18 [3], these types of wind turbines are suitable 

for working in low wind areas [4]. The Darius wind turbine, which operates on the principle of force levitation, 

is designed to operate appropriately in the direct speed range with a power factor of about 0.35~0.38 [5].  
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Wind turbines are regularly introduced in low wind speed areas in energy demand areas [6] instead of 

ideal wind speed conditions. Areas that have a normal wind speed of 4~6 m/s discovered by these turbines, 

DWTs are famously awful entertainers in wind speed of 4~6 m/s because of their non- self-begin. 

The wind power that the world possesses can be extraordinarily realized, utilized at the time of electric 

vitality. An aid to controlling the selection of the most cost-effective was established by controlling wind power 

[7]. The interesting study in H-Darrieus WT has been created quickly within the final some long time, pondering 

approximately its massively moo is taken toll, Attribution easily, and silence. Basic investigative action in DT 

optimal design is as of now concerned with finding strategies to embellish the electrical vitality coefficient, 

starting torque, and power thickness [8].  

By analyzing these WTs, it was found that these turbines’ plan isn't perfect and the control of the wind 

cannot be utilized completely, as a result of numerous geometric issues. To plan a modern sort of VAWT 

without having disadvantages and having the capacity to be utilized in a wide extend of applications, the modern 

sort ought to to begin with utilize the active vitality of the wind and take the Betz constrain as a most extreme 

[9]. 

In this study, increase projected area by mixed blades lead to increase the drag force and drag coefficient, 

for this reason DT and Savonis WT used for this design, this leads to seize high wind energy, producing high 

torque and high output power.  

 

2. Three straight-bladed Darrieus- Savonius design 
The combined three-blade turbine was designed in which each composite blade consists of one Straight 

Bladed Darrieus wind turbine type H (NACA 0012 airfoil) and  one drag device type Savonius wind turbine. 

PLA type material used to manufacture the airfoil, Savonius, upper and lower board while metal used to 

manufacture the rest of the mixed wind turbine parts as shown in “Fig. 1”. 

 
Figure 1 Hybrid 3- straight-bladed Darrieus- Savonius WT 

 

2.1. Mathematical analysis for H- Darrieus WT 

Velocity c determined from “Fig. 2” as shown in equation (1) [9]: 

 
Figure 2 Lift and drag force on a blade of DT [8] 

 

𝑐 = v [(𝜆+𝑐𝑜𝑠𝜃)
2
 + (sin 𝜃)

2
]

0.5   
                                                                                                                    (1)  

Digressive elements of lift constrain 𝐹𝑙 and braking force Fd is: 
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𝐹𝑡 = 𝐹𝑙𝑠𝑖𝑛α−𝐹𝑑cosα = [𝑐𝑙 sinα – 𝑐𝑑 cosα] 0.5 ρ A 𝑐2
 [N]                                                                             (2)  

Determine α by using equation (3): 

α = arc tan 
                                                                                                                                         (3)  

Hypothetical torque for one edge Darrieus wind turbine within the zone at angles 𝜽=𝟎° 𝒕𝒐 𝜽=𝟏𝟖𝟎° 

Darrieus torque for these zones over can be calculated by utilizing the taking after equations: 

Fd = 0.5𝜌𝐴𝑉2
                                                                                                                                               (4)  

𝑇𝐷 = Fd X                                                                                                                                                      (5) 

Hypothetical torque for one edge Darrieus WT of =𝟏𝟖𝟎° 𝐭𝐨𝜽=𝟑𝟔𝟎° 

F𝑡 = 0.5 𝜌𝐴𝑉2
[( 𝜆+𝑐𝑜𝑠𝜃 )

2
+(𝑠𝑖𝑛𝜃)

2
][C𝑙𝑠𝑖𝑛𝛼−Cd𝑐𝑜𝑠𝛼]                                                                              (6) 

The forces and velocities on blade element of DT with rotational angle (θ), as shown in “Fig. 3”. 

 

 
Figure 3 Forces and velocities on a blade of DT with rotational angle (θ) [8] 

 

2.2. Mathematical calculations for Savonius VAWT 

The drag force of this design is used in the drag force where the blades are designed by relying on the 

calculated values of the drag coefficient. Savonius has been manufacturing from PLA material by dimensions: 

Width c =5.6cm, Height H =11cm, b=2.4cm, d=5mm, R=10cm, as shown in “Fig. 4”. 

 

Figure 4 Front View for Savonius Blade VAWT 

 

The wind force component (F) following up on stationary vertical blade (bucket) of left side blades is 

expressed by the following Equation: 

b 

    R 

H 

d

  

c  
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 𝐹 = 0.5𝐶𝑑𝜌𝐴𝑉
2𝑠𝑖𝑛𝜃                                                                                                            [7] 

 

Where; Cd- Drag coefficient, 𝜌- Air density, A- Swept area, V- Wind velocity.  

To determine the beginning torque (T) in wind turbine blade (bucket), it is important to characterize the 

entire blade region and separate it from the focal point of the output shaft to the focal point of wind pressure. 

This expressed as follows:  

T = 0.5𝐶𝑑𝜌𝐴𝑉
2
 𝑟 𝑠𝑖𝑛 𝜃                                                                                                             [8] 

 

Where: r- is the distance from the shaft centerline to the center of pressure of the Savonius surface,  

𝑟=𝑏+𝑐 ⁄ 2. 

 

3. Results and Desiccations 
3.1. Moment for 3-Straight Bladed DWT 

The most mathematical optimum torque for the H- Darieus which is 0.001532 N.m, at angles (60°, 180°, 

300°), as indicated in “Fig. 5”. 

 
Figure 5 Moment for 3-Straight - Bladed DWT versus (θ) 

 

The most total moment is 0.001952 N.m at (60°, 180°, 300°), and the low moment is 0.000975 N.m at 

angles (30°,150°, 270°),  the rate torque is 0.00147 N.m, for DWT as shown in “Fig. 6”. 

 

 
Figure 6 Total and rate moment for DWT versus (θ) 

 

3.2. Moment for Savonius WT  

The most mathematical estimation moment for the Savonius WT, which is 0.0115 N.m, at position angle 

(90°, 210°, and 330°), as indicated in “Fig. 7”. 
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Figure 7 Torque for Savonius VAWT versus (θ) 

 

3.3. Total moment for hybrid WT 

The most total moment for Savonius and hybrid WT is 0.0079 N.m, and 0.0096 N.m, at (90°, 210°, 

330°), and the low total moment for hybrid WT is 0.001 N.m, at (30°, 150°, 270°), as shown in “Fig. 8”. 

 
Figure 8 Total moment for hybrid WT versus (θ) 

 

The mean moment for mixed WT versus (θ) is 0.005156 N.m. as shown in “Fig. 9”.   

 
Figure 9 Total and mutual moment for hybrid WT versus (θ) 
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5. Conclusion 
In this study, mathematical calculations were carried out for the purpose of improving the initial torque 

and increasing the efficiency of the H-Darrieus WT, as reached the conclusions shown below. 

 The new design is of the mixed type consists of two types of wind turbines Darius and Savonius WT, 

where this new design is able to obtain a large amount of high wind energy, and this leads to the 
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production of a large initial torque, and the credit is also directly due to the use of the airfoil 

NACA0012, as it will generate a large tangential force and angular velocity. 

  At a wind speed of 5m/sec, the results show that the maximum combined torque at a rotation angle of 

90 degrees is (0.0096) N.m, and the maximum torque of the Darius turbine at the same wind speed is 

(0.0017) N.m. This indicates that there is an increase in the initial torque of Darius WT.  

 Results obtained from this study is that the amount of improvement in the values of the initial torque 

of the 3-bladed Darrieus WT is 80% , this improvement enables it to work in low wind speeds, this is 

one of the  solutions to the Darrieus WT problems of operating in the field of  low wind speed. 

 

References 
[1] M.H. Hashem. Mohamed, Aerodynamic performance enhancements of H-rotor Darrieus wind turbine, 

2017, https://doi.org/10.1016/j.energy. 10.036Get rights and content. 

[2] N. Korprasertsak, T. Leephakpreeda, Analysis and optimal design of wind boosters for Vertical Axis 

Wind Turbines at low wind speed. J. Wind Eng. Ind. Aerodyn, 2016, 159, 9–18. [Google Scholar] 

[CrossRef]. 

[3] P. Mohan Kumar, M.M.R. Surya, S. Narasimalu, and T. C. Lim, Experimental and numerical 

investigation of novel Savonius wind turbine. Wind Eng. 2018, 43, 247–262. [Google Scholar] 

[CrossRef] 

[4] P.M. Kumar, S.R. Purimitla, S. Shubhra, and N. Srikanth, Numerical and analytical study on telescopic 

savonius turbine blade. In Proceedings of the 2017 3rd International Conference on Power Generation 

Systems and Renewable Energy Technologies (PGSRET), Johor Bahru, Malaysia, 4–6 April 2017; pp. 

107–112. [Google Scholar]. 

[5] S, Joo, H. Choi, and J. Lee, Aerodynamic characteristics of two-bladed H-Darrieus at various solidities 

and rotating speeds. Energy 2015, 90, 439–451. [Google Scholar] [CrossRef]. 

[6]  P.M. Kumar, K. Sivalingam, S. Narasimalu, T.C. Lim, S. Ramakrishna, and H. Wei, A Review on the 

Evolution of Darrieus Vertical Axis Wind Turbine: Small Wind Turbines. J. Power Energy Eng. 2019, 7, 

27–44. [Google Scholar] [CrossRef][Green Version]. 

[7] JR. Baker. Features to aid or enable self-starting of fixed pitch low solidity vertical axis wind turbines. 

Journal of Wind Engineering and Industrial Aerodynamics 2003, 15:369–80.  

[8] H. Zahraa Ali, A. Farhan Khammas, Enhancement the Starting Torque for VAWT, International Journal 

of Latest Engineering and Management Research (IJLEMR) ISSN: 2455-4847 www.ijlemr.com || Volume 

06 - Issue 05 || May 2021 || PP. 20-28. 

[9]  H. Zahraa Ali, A. Farhan Khammas, and J. Samer Aljodi, Experimental Test of Combined Wind Turbine 

in Wind Tunnel, International Journal of Latest Engineering and Management Research (IJLEMR) 

ISSN: 2455-4847 www.ijlemr.com || Volume 06 - Issue 10 || October 2021 || PP. 18-23. 

[10] R. Gupta, A. Biswas, and K. K Sharma, Comparative study of a three-bucket Savonius rotor with a 

combined three-bucket Savonius-three-bladed Darrieus rotor, Renewable Energy, 2008, vol. 3, issue 9, 

pp. 1974 -1981. 

https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://doi.org/10.1016/j.energy.2017.10.036
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S036054421731705X&orderBeanReset=true
https://scholar.google.com/scholar_lookup?title=Analysis+and+optimal+design+of+wind+boosters+for+Vertical+Axis+Wind+Turbines+at+low+wind+speed&author=Korprasertsak,+N.&author=Leephakpreeda,+T.&publication_year=2016&journal=J.+Wind+Eng.+Ind.+Aerodyn.&volume=159&pages=9%E2%80%9318&doi=10.1016/j.jweia.2016.10.007
https://scholar.google.com/scholar_lookup?title=Analysis+and+optimal+design+of+wind+boosters+for+Vertical+Axis+Wind+Turbines+at+low+wind+speed&author=Korprasertsak,+N.&author=Leephakpreeda,+T.&publication_year=2016&journal=J.+Wind+Eng.+Ind.+Aerodyn.&volume=159&pages=9%E2%80%9318&doi=10.1016/j.jweia.2016.10.007
https://scholar.google.com/scholar_lookup?title=Analysis+and+optimal+design+of+wind+boosters+for+Vertical+Axis+Wind+Turbines+at+low+wind+speed&author=Korprasertsak,+N.&author=Leephakpreeda,+T.&publication_year=2016&journal=J.+Wind+Eng.+Ind.+Aerodyn.&volume=159&pages=9%E2%80%9318&doi=10.1016/j.jweia.2016.10.007
https://scholar.google.com/scholar_lookup?title=Analysis+and+optimal+design+of+wind+boosters+for+Vertical+Axis+Wind+Turbines+at+low+wind+speed&author=Korprasertsak,+N.&author=Leephakpreeda,+T.&publication_year=2016&journal=J.+Wind+Eng.+Ind.+Aerodyn.&volume=159&pages=9%E2%80%9318&doi=10.1016/j.jweia.2016.10.007
https://scholar.google.com/scholar_lookup?title=Analysis+and+optimal+design+of+wind+boosters+for+Vertical+Axis+Wind+Turbines+at+low+wind+speed&author=Korprasertsak,+N.&author=Leephakpreeda,+T.&publication_year=2016&journal=J.+Wind+Eng.+Ind.+Aerodyn.&volume=159&pages=9%E2%80%9318&doi=10.1016/j.jweia.2016.10.007
https://doi.org/10.1016/j.jweia.2016.10.007
https://scholar.google.com/scholar_lookup?title=Experimental+and+numerical+investigation+of+novel+Savonius+wind+turbine&author=Mohan+Kumar,+P.&author=Surya,+M.M.R.&author=Narasimalu,+S.&author=Lim,+T.-C.&publication_year=2018&journal=Wind+Eng.&volume=43&pages=247%E2%80%93262&doi=10.1177/0309524X18780392
https://scholar.google.com/scholar_lookup?title=Experimental+and+numerical+investigation+of+novel+Savonius+wind+turbine&author=Mohan+Kumar,+P.&author=Surya,+M.M.R.&author=Narasimalu,+S.&author=Lim,+T.-C.&publication_year=2018&journal=Wind+Eng.&volume=43&pages=247%E2%80%93262&doi=10.1177/0309524X18780392
https://scholar.google.com/scholar_lookup?title=Experimental+and+numerical+investigation+of+novel+Savonius+wind+turbine&author=Mohan+Kumar,+P.&author=Surya,+M.M.R.&author=Narasimalu,+S.&author=Lim,+T.-C.&publication_year=2018&journal=Wind+Eng.&volume=43&pages=247%E2%80%93262&doi=10.1177/0309524X18780392
https://scholar.google.com/scholar_lookup?title=Experimental+and+numerical+investigation+of+novel+Savonius+wind+turbine&author=Mohan+Kumar,+P.&author=Surya,+M.M.R.&author=Narasimalu,+S.&author=Lim,+T.-C.&publication_year=2018&journal=Wind+Eng.&volume=43&pages=247%E2%80%93262&doi=10.1177/0309524X18780392
https://scholar.google.com/scholar_lookup?title=Experimental+and+numerical+investigation+of+novel+Savonius+wind+turbine&author=Mohan+Kumar,+P.&author=Surya,+M.M.R.&author=Narasimalu,+S.&author=Lim,+T.-C.&publication_year=2018&journal=Wind+Eng.&volume=43&pages=247%E2%80%93262&doi=10.1177/0309524X18780392
https://doi.org/10.1177/0309524X18780392
https://scholar.google.com/scholar_lookup?title=Numerical+and+analytical+study+on+telescopic+savonius+turbine+blade&conference=Proceedings+of+the+2017+3rd+International+Conference+on+Power+Generation+Systems+and+Renewable+Energy+Technologies+(PGSRET)&author=Kumar,+P.M.&author=Purimitla,+S.R.&author=Shubhra,+S.&author=Srikanth,+N.&publication_year=2017&pages=107%E2%80%93112
https://scholar.google.com/scholar_lookup?title=Numerical+and+analytical+study+on+telescopic+savonius+turbine+blade&conference=Proceedings+of+the+2017+3rd+International+Conference+on+Power+Generation+Systems+and+Renewable+Energy+Technologies+(PGSRET)&author=Kumar,+P.M.&author=Purimitla,+S.R.&author=Shubhra,+S.&author=Srikanth,+N.&publication_year=2017&pages=107%E2%80%93112
https://scholar.google.com/scholar_lookup?title=Numerical+and+analytical+study+on+telescopic+savonius+turbine+blade&conference=Proceedings+of+the+2017+3rd+International+Conference+on+Power+Generation+Systems+and+Renewable+Energy+Technologies+(PGSRET)&author=Kumar,+P.M.&author=Purimitla,+S.R.&author=Shubhra,+S.&author=Srikanth,+N.&publication_year=2017&pages=107%E2%80%93112
https://scholar.google.com/scholar_lookup?title=Numerical+and+analytical+study+on+telescopic+savonius+turbine+blade&conference=Proceedings+of+the+2017+3rd+International+Conference+on+Power+Generation+Systems+and+Renewable+Energy+Technologies+(PGSRET)&author=Kumar,+P.M.&author=Purimitla,+S.R.&author=Shubhra,+S.&author=Srikanth,+N.&publication_year=2017&pages=107%E2%80%93112
https://scholar.google.com/scholar_lookup?title=Numerical+and+analytical+study+on+telescopic+savonius+turbine+blade&conference=Proceedings+of+the+2017+3rd+International+Conference+on+Power+Generation+Systems+and+Renewable+Energy+Technologies+(PGSRET)&author=Kumar,+P.M.&author=Purimitla,+S.R.&author=Shubhra,+S.&author=Srikanth,+N.&publication_year=2017&pages=107%E2%80%93112
https://scholar.google.com/scholar_lookup?title=Aerodynamic+characteristics+of+two-bladed+H-Darrieus+at+various+solidities+and+rotating+speeds&author=Joo,+S.&author=Choi,+H.&author=Lee,+J.&publication_year=2015&journal=Energy&volume=90&pages=439%E2%80%93451&doi=10.1016/j.energy.2015.07.051
https://scholar.google.com/scholar_lookup?title=Aerodynamic+characteristics+of+two-bladed+H-Darrieus+at+various+solidities+and+rotating+speeds&author=Joo,+S.&author=Choi,+H.&author=Lee,+J.&publication_year=2015&journal=Energy&volume=90&pages=439%E2%80%93451&doi=10.1016/j.energy.2015.07.051
https://scholar.google.com/scholar_lookup?title=Aerodynamic+characteristics+of+two-bladed+H-Darrieus+at+various+solidities+and+rotating+speeds&author=Joo,+S.&author=Choi,+H.&author=Lee,+J.&publication_year=2015&journal=Energy&volume=90&pages=439%E2%80%93451&doi=10.1016/j.energy.2015.07.051
https://scholar.google.com/scholar_lookup?title=Aerodynamic+characteristics+of+two-bladed+H-Darrieus+at+various+solidities+and+rotating+speeds&author=Joo,+S.&author=Choi,+H.&author=Lee,+J.&publication_year=2015&journal=Energy&volume=90&pages=439%E2%80%93451&doi=10.1016/j.energy.2015.07.051
https://scholar.google.com/scholar_lookup?title=Aerodynamic+characteristics+of+two-bladed+H-Darrieus+at+various+solidities+and+rotating+speeds&author=Joo,+S.&author=Choi,+H.&author=Lee,+J.&publication_year=2015&journal=Energy&volume=90&pages=439%E2%80%93451&doi=10.1016/j.energy.2015.07.051
https://doi.org/10.1016/j.energy.2015.07.051
https://scholar.google.com/scholar_lookup?title=A+Review+on+the+Evolution+of+Darrieus+Vertical+Axis+Wind+Turbine:+Small+Wind+Turbines&author=Kumar,+P.M.&author=Sivalingam,+K.&author=Narasimalu,+S.&author=Lim,+T.C.&author=Ramakrishna,+S.&author=Wei,+H.&publication_year=2019&journal=J.+Power+Energy+Eng.&volume=7&pages=27%E2%80%9344&doi=10.4236/jpee.2019.74002
https://scholar.google.com/scholar_lookup?title=A+Review+on+the+Evolution+of+Darrieus+Vertical+Axis+Wind+Turbine:+Small+Wind+Turbines&author=Kumar,+P.M.&author=Sivalingam,+K.&author=Narasimalu,+S.&author=Lim,+T.C.&author=Ramakrishna,+S.&author=Wei,+H.&publication_year=2019&journal=J.+Power+Energy+Eng.&volume=7&pages=27%E2%80%9344&doi=10.4236/jpee.2019.74002
https://scholar.google.com/scholar_lookup?title=A+Review+on+the+Evolution+of+Darrieus+Vertical+Axis+Wind+Turbine:+Small+Wind+Turbines&author=Kumar,+P.M.&author=Sivalingam,+K.&author=Narasimalu,+S.&author=Lim,+T.C.&author=Ramakrishna,+S.&author=Wei,+H.&publication_year=2019&journal=J.+Power+Energy+Eng.&volume=7&pages=27%E2%80%9344&doi=10.4236/jpee.2019.74002
https://scholar.google.com/scholar_lookup?title=A+Review+on+the+Evolution+of+Darrieus+Vertical+Axis+Wind+Turbine:+Small+Wind+Turbines&author=Kumar,+P.M.&author=Sivalingam,+K.&author=Narasimalu,+S.&author=Lim,+T.C.&author=Ramakrishna,+S.&author=Wei,+H.&publication_year=2019&journal=J.+Power+Energy+Eng.&volume=7&pages=27%E2%80%9344&doi=10.4236/jpee.2019.74002
https://scholar.google.com/scholar_lookup?title=A+Review+on+the+Evolution+of+Darrieus+Vertical+Axis+Wind+Turbine:+Small+Wind+Turbines&author=Kumar,+P.M.&author=Sivalingam,+K.&author=Narasimalu,+S.&author=Lim,+T.C.&author=Ramakrishna,+S.&author=Wei,+H.&publication_year=2019&journal=J.+Power+Energy+Eng.&volume=7&pages=27%E2%80%9344&doi=10.4236/jpee.2019.74002
https://doi.org/10.4236/jpee.2019.74002
http://www.scirp.org/journal/PaperDownload.aspx?paperID=92117
http://www.scirp.org/journal/PaperDownload.aspx?paperID=92117
http://www.scirp.org/journal/PaperDownload.aspx?paperID=92117
http://www.scirp.org/journal/PaperDownload.aspx?paperID=92117
http://www.scirp.org/journal/PaperDownload.aspx?paperID=92117

