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 In this paper, boundary layer control technique is investigated on the NREL-5MW offshore baseline 
wind turbine blade with numerical simulation of linear DBD plasma actuator in a three-dimensional 
manner. This wind turbine uses pitch control system to adjust its generated power above its rated speed; 
but below that the controller is inactive. In the current study, operating condition is set such that the 
control system is off. Plasma actuator consists of two electrode and dielectric materials. One of these 
electrodes is connected with the air and another one is encapsulated with the dielectric material. When 
the necessary high-level AC voltage is applied to electrodes, electric field forms around the actuator and 
an induced wall jet forms with the ionization of the air around the actuator. Electrostatic model is 
applied to simulate the effects of plasma actuator and the resulted body force is inserted into flow 
momentum equations. In the present study, three different control cases are studied. Results show that in 
all cases, using this actuator leads to improvement of the velocity profile in controlled section, which 
influences on pressure distribution and results in rotor torque increment. Finally, increasing in torque 
leads to growth in produced power of the wind turbine. The highest increment in output power occurs 
when the actuator is installed near the root of the blade in the spanwise direction and before low-speed 
region in the chordwise direction. 

Keywords: 
Flow control 
Horizontal axis wind turbine 
Plasma actuator 
Electrostatic model  

 

  

-1  
  

  1  .
2000 

1 Dielectric Barrier Discharge (DBD) 

 .1990
) 2]  (1 .[

]2 [  .
 

2 Corona Discharge 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.7

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.74.9
https://mme.modares.ac.ir/article-15-10177-en.html


    

      

  

510  13951612  

[3] .

 ] 6-4 [ 
2016 

2010 2015 41 
 .2015 

4.2 ) 2014 13 
2010 3 ]  (7 .[

 .

 .

  

 .[8] 
1 

 .
S827 S822 

 .

  
[9]

 .
-38 

  
[10]

 .

 .0.1 
  .

  
[11] 

 .14 
 .[12] 

20 
  

1 Smart Blade 

 .

 .
 .

 

2 -   

NREL-5MW  .
[13]  .2 

63 
 .

3 11.4 
 ( ) 

  

3 -   

) 4 (  
(1)   

)1( 

= 0 

+ =
1

+ + +  

  
  

 
  .

[14]  

  

4 -   

  .1 
120 

 .1 
)   

.( 
3 1.5 )  [15]( .

 
1 

0.1  .

2 Offshore 
3 Pitch Control 
4 Reynolds-Averaged Navier-Stokes (RANS) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.7

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

26
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.74.9
https://mme.modares.ac.ir/article-15-10177-en.html


    

      

13951612  511  

 
1 

 .2 
 = 0.64   .

  .
160 60 

60  .
169  .-

2,839,200 4,338,810 
  

MRF2 [16] 
3 

 . 
  

 

 
Fig. 1 Generated mesh around blade 
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Fig. 2 Blade section at r/R=0.64 

2 r/R=0.64  

1 Interface 
2 Moving Reference Frame 
3 Fluent 

 .-4 
 .

       .  

[17]  .
 = 0.50 11.3 

 .
 . 

[17] 3 
 .

 .
3 

11   .4
 y+  .

y+ 3  .
 .

1.0  .  
y+< 3.0   

5 -   
  )    

 

 
 

Fig. 3 Pressure coefficient distribution at r/R=0.5 
3 r/R = 0.5  

  
Fig. 4 Contour of y+ on the rotor blade 
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Fig. 5 Geometry of simulated plasma actuator [23] 
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Fig. 6 Generated mesh around actuator 
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Fig. 7 Schematic of boundary condition on  and  [23] 
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Fig. 8 Comparison between velocity profiles in x= 45 mm 
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 1 11.75-19.95 0.34c 0.43c 1.180 
 2 11.75-19.95 0.54c 0.63c 1.101 
 3 44.55-52.75 0.34c 0.43c 0.466 

 

  
Fig. 9 Different cases location of plasma actuators 
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Fig. 10 Velocity profile at x/c=0.75 at r/R=0.50 
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 % )   
1  22 14.0 
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Fig. 11 Contour of non-dimensional  (top) and  (bottom) 
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Fig. 12 Contour of velocity in plasma off and on for case 1 
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Fig. 13 Velocity vector in plasma off and on for case 1 and 2 at section1 
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Fig. 14 Comparison of velocity profile in plasma on for case 1 and 2 at 
section 1 
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Fig. 15 Vector of velocity in plasma off and on for case 1 and 2 at section 2 
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Fig. 16 Comparison of velocity profile in plasma off and on for case 1 
at section 2 
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Fig. 17 Pressure coefficient distribution as a function of dimensionless 
chord length in plasma off and on for case 1 and 2 at section 2 
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Fig. 18 Comparison of velocity profile at x/c=0.95 in plasma off and on 
for case 1 and 3 at section 2 and 3 
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