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Unlike HAWT, Darrieus wind turbine is faced with the self-start problem and high fluctuations at
output torque. Because of the need for techniques based on meshing and coupling Eulerian fluid
equations and the Lagrangian equations for moving rigid body, the calculation of rigid body
acceleration and fluctuations torque of VAWT is very complicated and is function of the moment
of inertia of the turbine. In most studies, regardless of this effect, the angular velocity of turbine is
assumed to be fixed. In this study, for calculating the turbine rotational speed and position, the
sum of wind-driven aerodynamic forces and external forces caused by friction and generators is
calculated and placed into Newton's second law to calculate the acceleration, and integrate it in
time steps. The governing equations of fluid are discretized based on finite volume method and
coupled by Piso algorithm. The simulation is performed unsteady and dynamic mesh is used for
moving the rotor. The results could check the interaction between wind and rigid blades in the
process of increasing the rotational speed of turbine, and simulate the rotor from the moment of
rest until the turbine reaches its final rotational speed. The causes of reduction in torque at low
rotational speed are investigated and it has been shown that high dynamic stall and passing high
exergy flow into the rotor without interaction with blades results in power reduction. Moment of
inertia has significant impact on the frequency and amplitude of rotational velocity, fluctuations of
output torque and output power, which is important in mechanical analysis of blades’ fatigue.
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1- Vertical Axis Wind Turbine 
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Fig. 1 Sketch of straight-bladed VAWT
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2- Single streamtube model 
3- Multiple streamtube model
4- Tip-speed ratio



    

                          

13941512  145  

             
            
              

      .  
           

              .
               
         .   
              
               
   ]12[.  

            
             

             
        .  

           
 .           
  .           

          .     
  DFIG1         

]13[ .            
      .       -

   .  
   2013       

           ]14[ . 
             

            .    
         .     

    .          
          .    

              
 .            

             
     .        

            
  .            
        .      

          .  
   ]15[           

             
               

            .  
           
            .

         ]16[   .
              

1- Doubly Fed Induction Generator

          .  
              

             
        .   
             
   .  

               
             

           
  .          

              
 .            

        .  
           

            
  .           
              

    .  

2 -    
              

               
    C          .

             
              

 .  
         ) (   

    1 3    .     
            
      .  

)1(  = 0.5

)2(  = 2

)3(  =

2 -1-    
           

            
 )4 (  ]17[.  

( )
t

+ div = div( grad ) +

))44((  = 1, ,

            S 
           .  

   )4 (         
  2 ]17[         

             
  .          

2- Transition SST



    

                           

  

146  13941512  

              
             

      
     7  1 ) (8  

             
  k   2 

3   ]17[.  
           
2 ) (           

      .  

)5(  
( k)

t
+

( kui)
xi

=
xj

k
xj

+Gk-Yk+Sk

)6(  
( )

t
+

uj

xj
=

xj xj
+G -Y +D +S

)7(  t
+

uj

xj
=

xj
+ t

xj
+P 1-E 1+P 2-E 2

)8(  
Re t

t
+

Re tui

xi
=

xj t + t

Re t

xj
+P t

            
  .     3   .   

            4    
       5       

      .  

2 -2-     
               

         .   
           C   
 .           

              
      .  

  

  
Fig. 2 Flow chart of fluid-rigid body coupling algorithm
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1- Intermittency 
2- Buffer sub layer 
3- Sliding Mesh
4- linear Upwind
5- Backward implicit scheme
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Fig. 3 The grid mesh around airfoil

 3      

  
Fig. 4 Diagram of the model geometry and boundary conditions
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Table 1 Main geometrical features of the tested model 
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Fig. 6 versus time for several cases
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Fig. 7 (deg) versus (deg) for several  
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Fig. 8 and Cm versus Time (s) 
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Fig. 9 Vorticity contours at the three time
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Fig. 10 and Cm versus Time for several I
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Fig. 11 versus for several I and Mf
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Fig. 12 and Cm versus for tow method
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Fig. 13 Cp versus for several I and Mf 
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