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In this study, the self-starting of Darrieus vertical axis wind turbine (VAWT) is enhanced using
J-shaped airfoil profile. The paper investigated the performance of VAWT with the J-shaped
blades. Since the J-shaped blades utilize the lift and drag forces simultaneously, the turbine
performance at low tip speed ratios (TSRs) is enhanced. Thus, it is expected that using these
blades will improve the starting torque and output power. The main goal in this study is to find an
optimum J-shaped profile acquiring the best performance of wind turbine. For this purpose,
3kW J-shaped straight-bladed Darrieus type VAWT is investigated numerically using OpenFOAM
computational fluid dynamic package. It employs the finite volume method to solve the Navier-
Stokes equations. The J-shaped profile is designed by means of eliminating fraction of pressure
side of Du 06-W-200 airfoil. The results indicate that the performance of turbine is optimized for
J-shaped profile which eliminates the pressure side of airfoil from the maximum thickness toward
the trailing edge. Moreover, by employing this J-shaped profile, the wind turbine performance is
intensified TSRs and self-starting of turbine is improved.

Keywords:
Vertical Axis Wind Turbine
J-shaped Profile
Starting Torque
Numerical Simulation
Performance Improvement

  
1 -   

   
  

 . 
 .

 
 . 

 .

 
 . 

 
]1[.

          
     .           
               

      .      



    

J      

  

204  13941511  

         
      .       

               .
             

 ]2,3[ .          
 .           . 

              
  .       20    

             
 .           

       ]3[.  
            

   .        
            ]4[.

 ]5[          
  . ]6[        

                
             
     .]7[     

            
            . 
              
            .    
]8[   1        

   .           
              
        .]9[    

            
            .
     LS-0417     MI-

VAWT              
      .]10[     
   NACA0018   .      

            
          .    
         Du 06-W-200  
     .        

    .     1   . 
             
        .     

  ]11[   ]12[      
           .  

            
            .

]13[             
        .  

1- Dead Band

  
 1   Du 06-W-200 ]10[  

  ]14[   2     
               

 -     .]15[   
           

     .  ]16[    
             -3 

  .          
             . 
           

      .        
             

           4     
                .

                
               

            .  
             

  J      . 
            

     .     J    
               

          .  

2 -   
             

     2   .   Vc   
  Vn     ]9[:  

)1(  = + cos

)2(  = sin

    U    ) 5 (   
  r        .V   
   :

)3(  = +

    Vn  Vc   )1 ( )2 (    
:  

)4(  = = + cos + sin

2- Sliding Mesh
3- ANSYS CFX 
4- Interface
5- Induced Velocity

x (m)

y
(m

)

0 0.05 0.1 0.15 0.2 0.25-0.04

-0.02

0

0.02

0.04



    

J     

13941511  205  

  
 2         ]17[

  
 3           ]17[  

   U      .       
) (    ) (      :

)5(  = [ + (1 ) cos ] + [(1 ) sin ]

            :

)6(  = , =

               3 
        )Ct (    

)Cn (     :
)7(= cos + sin

)8(  = sin cos

 Cl  Cd              
         :

)9(  = tan

    Q     P   :
)10(  = , =

  N             
       :  

)11(  =
1

2
( )

             )7 ( 
)8 (            

             .Ft   :  

)12(  =
2

      c     h    . 
             :  

 )13(  = (1 2) , = (1 2)
 A       (2rh).  

SST    
  . 

    .
   

  
  . 

   ( ) 
  .  

 
  .1 ]18-20[ 

   
    .

 .  
   .

SST  
 

   .
  

 SST  .   
 2 

   

 u  +   .* 
 *     .

   t  

)16(  =

)17(  =

)18(  =
max( , | |)

   u    t     .a1  
  F1  F2         .  

3 -   
        

         
  .           

               
              .

            
              

1- Menter
2- Specific dissipation rate

)14(  t
=

u
y

+
y

(1 + )
y

)15(  

t
=

u
y

+
y

(1 + )
y

+ 2(1 )
1

y y



    

J      

  

206  13941511  

1  . J  
          . J   

         .   J  
             

              
     . J         

               
   J           
 .              
      J         

              .
         

     3  .
3/3 7/3  

27/0    .4 
  J Du 06-W-200 

 .10 
225/1 5 -10×82/1 

  . 3 J 
  ) Du 06-W-

200 (  .5 1 
  .Du 06-W-200  

   2    3 
   . J1 3

J2 3J3 3J4 3 J5 3
 

 J 
 .J 

     

4 -  
    5     .     
            
              
        .       
           

   .          120 
       .  

  

  
  

  
  

4  ( J  (Du 06-W-200  

1- Self-Start
2- Pressure Side
3- SolidWorks 

1 J   
(*)  

Du 13-JJ
1
3  

Du 23-JJ
2
3  

Du 33-JJ
3
3  

Du 43-JJ
4
3  

Du 53-JJ
5
3  

(*))       J:(  
  

            
       ) 6-  6- .(

          .
     

) 
   .y+ 5 

    SST 
  y+     1  5   .

     y+   1     
  ]21,22[ .       y+ 

 1         .   
            .  

  

  
 5       

  

  

6  (  (  (  (J 



    

J     

13941511  207  

           ) 6 -6-
 .(    1     

5 -  
              

  2   .  
 ( )  ( ) 

   .
 

  .
 3   

  
  .  

            
             

    .         
     .        

          
   .       

       -4        
  .          . 

            5/0 
    .     x      

       5-10   .   
         5   . 

       6        
          ]23[.  

             
 7  .      

             
         .     
              

      )   ( 
  .          

         ]24[ .    
             

      .      
            

       . 8 

 . 
          

9GGI   .  

1- Pointwise V17.1R2 
2- Multi Reference Frame (MRF)
3- MergeMeshes 
4- URANS 
5- pimpleDyMFoam 
6- pimpleFoam 
7- Velocity Inlet
8- Symmetry Plane
9- General Grid Interface

6 - 
  

       
            

]25[      ]26[     
    .        3 

    NACA0015         .
       SST   .

2   . 
            
      

.   7    
            

 .            
   )   6/1=     

   .      
            
       .       

           10   
               

  .           
             .  
              
       ]2[ .

   

 2         
  

  
) ]26[ )  ]25[

)25 (20/0  )56 (25/0  16/0  00/1  
)26 (29/0  )26 (29/0  23/0  23/1  
)13 (34/0  )10 (33/0  30/0  60/1  
)17 (27/0  )35 (31/0  23/0  82/1  

7    NACA0015

10- Struts 



    

J      

  

208  13941511  

 3 
Du 06-W-200

 . 
 4    3  

        
    .    

 3 4   .   
          

      3   .  
8 Du 06-W-200 

 . 
  

25/2   .  
 

  
  .

 
   .9 

10   
Du 06-W-200    . 

 )
 (  .   

  . 
  .

  )3   /3 
   

3 25/2=  

   
    

)×(

  
   

  
  

) m(

  

150 ×50405587000137/050174/0
2100 ×100426881000137/045734/0
3200 ×200469391000137/046964/0
4400 ×400554165000137/046934/0

  

8    Du 06-W-200

9         Du 06-W-200   

10         Du 06-W-

200     

4 J  
 . J 

 
Du 53-J  .Du 53-J 

    . ) 25/2= (
  Du 33-J .

             
""  

 1/0 5/3   .4 
Du 06-W-200 

 .  
Du 33-J    

11 15   J 
Du 06-W-200  .J 

 
   

 
   .

 Du 13-J Du 23-J 
  

 ( ) 11 12.(
  

C P

0 1 2 3 40

0.1

0.2

0.3

0.4

0.5

0.6

(Deg)

Q
(N

.m
)

0 180 360 540 720 900 1080-150

0

150

300

450

600



    

J     

13941511  209  

4       J                Du 06-W-200  
 ) N.m( )rpm(    

Du 53-J  Du 43-J  Du 33-J  Du 23-J  Du 13-J  Du  
21/33  74/38  89/42  10/46  24/45  44/30  16/5  10/0  
94/59  12/71  27/93  32/98  85/96  03/56  0/31  60/0  
35/92  94/104  53/150  85/154  68/162  93/89  6/51  00/1  
24/169  46/172  17/299  64/285  37/289  59/230  7/77  50/1  
47/269  47/277  86/331  67/317  70/301  46/297  103  00/2  
17/278  60/286  47/298  45/284  40/262  39/288  116  25/2  
50/249  46/249  49/237  52/210  17/203  97/237  129  50/2  
74/173  78/160  20/103  13/102  92/91  35/138  155  00/3  

48/99  30/80  69/4-  03/2  91/7  25/63  181  50/3  
73/0-  94/0  98/11  93/6  88/2   =         Du 06-W-200

  

  
 11   Du 13-J Du 06-W-200  

  
 12   Du 23-J Du 06-W-200  

  
 13   Du 43-J Du 06-W-200  

  
 14   Du 53-J Du 06-W-200  

  
 15   Du 33-J Du 06-W-200  

Du 43-J Du 53-J 
Du 06-W-200 

) 13 14 .(   Du

13-J Du 23-J  Du 43-J Du 53-J 
  

 .15
 Du 33-J  

  
        J    5 
           Du 06-W-200  

     .  
  

C P

0 0.5 1 1.5 2 2.5 3 3.5 4 4.50

0.1

0.2

0.3

0.4

0.5

0.6
Du 13-J
Du 06-W-200

C P

0 0.5 1 1.5 2 2.5 3 3.5 4 4.50

0.1

0.2

0.3

0.4

0.5

0.6
Du 23-J
Du 06-W-200

C P

0 0.5 1 1.5 2 2.5 3 3.5 4 4.50

0.1

0.2

0.3

0.4

0.5

0.6
Du 43-J
Du 06-W-200

C
P

0 0.5 1 1.5 2 2.5 3 3.5 4 4.50

0.1

0.2

0.3

0.4

0.5

0.6
Du 53-J
Du 06-W-200

C
P

0 0.5 1 1.5 2 2.5 3 3.5 4 4.50

0.1

0.2

0.3

0.4

0.5

0.6
Du 33-J
Du 06-W-200



    

J      

  

210  13941511  

5      J        Du 06-W-200  
    

Du 53-J  Du 43-J  Du 33-J  Du 23-J  Du 13-J  Du  
%)9 (0024/0  %)27 (0028/0  %)41 (0031/0  %)51 (0033/0  %)48 (0033/0  0022/0  10/0  
%)7 (0260/0  %)27 (0308/0  %)66 (0404/0  %)75 (0426/0  %)73 (0420/0  0243/0  60/0  

%)3 (067/0  %)17 (076/0  %)67 (1088/0  %)72 (1119/0  %)81 (1176/0  065/0  00/1  
%)27- (183/0  %)25- (187/0  %)30 (324/0  %)24 (310/0  %)25 (314/0  25/0  50/1  

%)9 - (389/0  %)7 - (401/0  %)12 (480/0  %)7 (460/0  %)4/1 (436/0  43/0  00/2  
%)5/3- (452/0  %)6/0- (466/0  %)5/3 (485/0  %)4/1- (462/0  %)9 - (427/0  469/0  25/2  

%)5 (451/0  %)5 (451/0  %)2/0- (429/0  %)11- (380/0  %)15- (367/0  43/0  50/2  
%)26 (377/0  %)16 (348/0  %)25- (224/0  %)26- (221/0  %)34- (199/0  30/0  00/3  
%)57 (251/0  %)27 (203/0  %)107 - (012/0-  %)97- (0051/0  %)87- (020/0  16/0  50/3  

16    MPPT     Du 13-

J  
17    MPPT     Du 23-

J  
18    MPPT     Du 33-

J  

  
19    MPPT     Du 43-J  20   MPPT     Du 53-J  

  

6     Du 06-W-200   Du 33-J  
   N.m(   

Du 06-W-200 74/2
%41

Du 33-J 86/3
  

        J       
              
   .  )25/2= (       
 5/3     Du 33-J .  

16 20 
     MPPT     

         .
      10         

   .          
          Du 33-J   

             3  
 .  
 6           

   Du 06-W-200   J- Du 33-J   
 .  
3    . 

J  40 
   

21 22
Du 06-W-200 

Du 33-J  .
J 

   .Du 33-J 
  .  

  

(rpm)

P
(W

)

0 50 100 150 2000

1000

2000

3000

4000

5000

6000

7000 MPPT
U = 6 m/s
U = 8 m/s
U = 9m/s
U = 10 m/s
U = 11 m/s
U = 12 m/s

P = 3261 W

(rpm)

P
(W

)

0 50 100 150 2000

1000

2000

3000

4000

5000

6000

7000 MPPT
U = 6 m/s
U = 8 m/s
U = 9m/s
U = 10 m/s
U = 11 m/s
U = 12 m/s

P = 3459 W

(rpm)

P
(W

)

0 50 100 150 2000

1000

2000

3000

4000

5000

6000

7000 MPPT
U = 6 m/s
U = 8 m/s
U = 9m/s
U = 10 m/s
U = 11 m/s
U = 12 m/s

P = 3630 W

(rpm)

P
(W

)

0 50 100 150 2000

1000

2000

3000

4000

5000

6000

7000 MPPT
U = 6 m/s
U = 8 m/s
U = 9m/s
U = 10 m/s
U = 11 m/s
U = 12 m/s

P = 3485 W

(rpm)

P
(W

)

0 50 100 150 2000

1000

2000

3000

4000

5000

6000

7000 MPPT
U = 6 m/s
U = 8 m/s
U = 9m/s
U = 10 m/s
U = 11 m/s
U = 12 m/s

P = 3383 W



    

J     

13941511  211  

   

  

        

        
21   Du 06-W-200 Du 33-J   

   

  

        

        
22    Du 06-W-200 Du 33-J   

  

Du 33-J 
   

 
  

  . 

  .
)   

  
   

  .
   .

  J - 
    

    . 
    

23 24 

 
 90 

Du 06-W-200 Du 33-J 
 .   

 Du 33-J  
 . ]27[      

            
 

  . 
 0 

 90   
  .180  

 270 
   . 

 J 
  
  . 

  J 
    

  



    

J      

  

212  13941511  

Du 06-W-200  Du 33-J  

  

= 0

  

= 90

    

= 180

    

= 270

23                       Du 06-W-200  Du 33-J    

     J         
      Du 33-J       

Du 06-W-200         . 
               

              
             
  ]28[ . 

  .
 J      

 .   J 
 

   
   

7 -  
    

    .
   

       
     .

  
 J    

  



    

J     

13941511  213  

Du 06-W-200  Du 33-J  

  

= 0

  

= 90

  

= 180

  

= 270

  
24                       Du 06-W-200  Du 33-J    

  
Du 06-W-200 

 .        3 
   J     

    

J 
 ) Du 33-J .(MPPT 

   Du

33-J   
3  .Du 33-J 

 41  
  

  
   

8 -   
[1] J. DeCoste, D. McKay, B. Robinson, S. Whitehead, S. Wright, M. Koksal, L.

Hughes, Vertical Axis Wind Turbine 2005.
[2] K. M. Almohammadi, D. Ingham, L. Ma, M. Pourkashanian, CFD modelling

investigation of straight-blade vertical axis wind turbine, in 13th
International Conference on Wind Engineering, Amsterdam, Netherland,
2011.

[3] M. M. A. Bhutta, N. Hayat, A. U. Farooq, Z. Ali, S. R. Jamil, Z. Hussain,
Vertical axis wind turbine–A review of various configurations and design
techniques, Renewable and Sustainable Energy Reviews Vol. 16, No. 4, pp.
1926-1939, 2012.

[4] A. Zervos, M. Mudry, Aerodynamic design and testing of blade profiles for
vertical axis wind turbines, in Commission of the European Communities.
Contractors' meeting pp. 245-251, 1988.

[5] E. Kadlec, Characteristics of future Vertical Axis Wind Turbines (VAWTs),
Large Wind Turbine Design Characteristics and and Requirements Vol.
1, pp. 133-141, 1979.

[6] B. K. Kirke, Evaluation of self-starting vertical axis wind turbines for stand-
alone applications PhD Thesis, Grif ith University Gold Coast, 1998. 

[7] G. Watson, The self-starting capabilities of low-solidity fixed pitch
Darrieus rotors, in Wind Energy Workshop pp. 32-39, 1979.



    

J      

  

214  13941511  

[8] J. Baker, Features to aid or enable self starting of fixed pitch low solidity
vertical axis wind turbines, in Wind Engineering 1983 3C: Proceedings of
the Sixth international Conference on Wind Engineering Gold Coast,
Australia, March 21-25, And Auckland, New Zealand, April 6- 1983; held
under the auspices of the International Association for Wind Engineering
pp. 369, 2012. 

[9] M. Islam, Analysis of fixed-pitch straight-bladed VAWT with asymmetric
airfoils PhD Thesis, University of Windsor, 2009.

[10] M. R. Castelli, S. Giulia and B. Ernesto, Numerical Analysis of the
Influence of Airfoil Asymmetry on VAWT Performance, World Academy
of Science, Engineering and Technology Vol 61, pp. 312-321, 2012.

[11] R. Gupta, A. Biswas, Computational fluid dynamics analysis of twisted
three-bladed H-Darrieus rotor, Journal of Renewable and Sustainable
Energy Vol. 2, No. 4, pp. 1-15, 2010.

[12] B. K. Debnath, A. Biswas, R. Gupta, Computational fluid dynamics
analysis of combined three-bucket Savonius and three-bladed Darrieus
rotor at various overlap conditions, Journal of Renewable and
Sustainable energy Vol. 1, No. 3, pp. 1-14, 2009.

[13] C. S. o. Ferreira, The near wake of the VAWT PhD Thesis, Delft university
of technology, 2009.

[14] T. Maître, J. L. Achard, L. Guittet, C. Ploesteanu, Marine turbine
development: numerical and experimental investigations, in Workshop
on Vortex Dominated Flows. Achievement and Open Problems pp. 59-66,
2005.

[15] Y. Nabavi, M. Alidadi, Experimental and numerical Study of Vertical
Axis , 8th Canadian Marine Hydrodynamics and Structures Conference,
2007.

[16] Y. Dai, W. Lam, Numerical study of straight-bladed Darrieus-type tidal
turbine, Proceedings of the ICE-Energy,Vol. 2, pp. 67-76, 2009.

[17] R. Bos, Self-starting of small urban Darrieus rotor PhD Thesis, Delft
University of Technology, 2012.

[18] T. Maître, J.-L. Achard, L. Guittet, C. Ploesteanu, Marine turbine
development: numerical and experimental investigations Workshop on
Vortex Dominated Flows. Achievement and Open Problems 2005.

[19] F. R. Menter, R. Langtry, S. Likki, Y. Suzen, P. Huang, S. Völker,
correlation-based transition model using local variables Part I: model
formulation, Journal of turbomachinery Vol. 128, No. 3, pp. 413-422,
2006.

[20] F. R. Menter, Two-equation eddy-viscosity turbulence models for
engineering applications, AIAA journal Vol. 32, No. 8, pp. 1598-1605,
1994.

[21] M. Dehghan Manshadi, F. Pourfattah, Numerical study about role of
ground effect on flow transition from laminar to turbulent regime at low
reynolds numbers, Modares Mechanical Engineering Vol. 14, No. 9, pp.
203-210, 2014. (In Persian)

[22] S. S. Hoseininezhad, N. Amanifard, H. Mohaddes Deylami, F. Dolati,
Numerical study of low characteristics around NACA 4412
asymmetric airfoil under the in luence of electric field, Modares
Mechanical Engineering Vol. 14, No. 5, pp. 147-154, 2014. (In Persian)

[23] The open source cfdtoolkids, User guide Accessed 29 July 2014
http://www.openfoam.com.

[24] H. K. Versteeg, W. Malalasekera, An introduction to computational fluid
dynamics: the finite volume method: Pearson Education 2007.

[25] R. Bravo, S. Tullis, S. Ziada, Performance testing of small vertical-axis
wind turbine, Proceedings of the 21st Canadian Congress of Applied
Mechanics,pp. 3-7,2007.

[26] R. Lanzafame, S. Mauro, M. Messina, 2D CFD modeling of H-Darrieus
wind turbines using transition turbulence model, Energy Procedia Vol.
45, pp. 131-140, 2014.

[27] K. W. McLaren, numerical and experimental study of unsteady loading
of high solidity vertical axis wind turbines PhD Thesis, McMaster
University, 2011.

[28] W. Tong, Wind power generation and wind turbine design pp. 55-205,
Wit Press, 2010.

  

  


