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In flows with high Reynolds inside the U-shaped tubes, separation phenomenon occurs in the
curvature of tubes causing pressure loss and in conditions associated with heat transfer
undesirable increase surface temperature in that region is noted.Due to reduced heat transfer rate
from surface to fluid temperature increase occurs in industrial applications in addition to reduced
heat transfer which causes damage to surface pipes.In the present study, elimination of the
separation zone through body force created by plasma actuators and because it reduces the
maximum temperature occurred in this region and changes the Peclet number is simulationin this
region. For this purpose, the plasma actuators5kV, 12kV and 19kV with square voltage function
inside U-shaped tube in the three streams with Reynolds 3000,4500 and 6000 have been placed
to influence actuators on separation control, and maximum temperature occurred at this point be
investigated.Calculations using proposed model of Suzen with time-dependent numerical
procedure has been done. And results during time performance of to 50 have been reported.
The results shows that maximum surface temperature that occurs in the region of separation in
the presence of plasma actuator near this region has significant reduction thatis due to the
eliminationand change separation region.

Keywords:
Plasma actuator DBD
Flow separation
Surface temperature
Time dependent solution
Active flow control

  

1 -   

 
 .

 .
   .

DBD1

  

1- Dielectric Barrier Discharge 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

  

152  13941511  

 

 .(DBD) 

(AC) (DC) 
kV kHz  .

  
 . 

  .
 . 

 
 .

  .1 DBD 
  

 
 .
   

  .]1[ 

 
 

kHz6  .
]2[ 

1303UCAV  .

  
 .]3[ 

 
  .

  .
  

  

 1 DBD   

 

]4[   ,
 

  . 
 .   

   
  .

]5[ 
DBD  .

30 % .
]6[ 

 .
90 

270 50 %
 .

]7[ 
 .

]8[ 0012NACA 
  .]9[ 

 .
]10[ 

]11[ 
 .

  ]12[ 

]13[ 
 ,   

]1415[  .
]16[ 

   .

0414NLF]17[ 
]18[  .

]19[   . U 
 

]2021[ 
]22[  .  

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

1394 1511  153  

DBD U 

]16[

DBD

U   
 

 .DBD 
 

 ( ) 
  

2 -   
    

  
)1(=

        
 .

  ]23,24[.  
)2(× = 0

   
)3(=

  
)4(=
)5(( ) =
)6(=

  
    

   
      

)7(= +
 

  

)8(( ) = ( )

      
  

)9(( ) = sin(2 )

)10(( )= 1 sin(2 ) 0
1 sin(2 ) < 0

         .
    

  

)11(( ) = 0

)12(( ) = ( / )
 11 2 

d   

)13(= +

)14(=
( )

exp + exp

    
    .

 14 ]18[   
12 

)15(( ) =

15 3 
kV 5= 

kHz5/4= .7/2 
 . 

  
)16(, ( , ) = ( ) ( )

G(X)        
 .
]25,26[ .  

)17(( ) = exp
( )

2
3 .  

)18(, ( , ) = ( )
 C/m0075/0.  

  
4   

  

 2  11  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             3 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

  

154  13941511  

 3 15

 4   

    
      

3 - 
     

   
      

    ]16[    .

  .
1  45091 71673 

3/0     45091 
   .

4   
m/s1 

5 6  .
   

m/s1   7    
 .8       

    
6/1  .4 

]16[ cm75/3x=  
 9     

2/1   

4 -   
  
       

 .       
   3/0    

03/0  
    .  .

  

 1   
9

116407379/16/3
232659315/14/2
345091337/15/1
471673326/12/1

  

  
 5 m/s1.

  
 6 m/s1

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             4 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

1394 1511  155  

 7 m/s1

 8   

 9   
  

)19(Re =
4

 D   
  

)20(

+ ( ) = [ I + ( + )( + ( ) )
2
3 I] +

F  
  

k I   

)21(+ = ( )

293 
  

5 -   
U cm 3d= 

cm2M=      10 11  U   
   .10

cm4R= cm8L=   
 w/m1000     .

  

6 - 
12     

     .
13 6000      .

= 5kV    
      

  
     

 
  

y     
  

  

 10U 

 11  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

  

156  13941511  

    
    

     
 .   

kV19        
 .   

      
 .14 4500   

  kV19 
   4500   

6000 
       

 (
 

15 3000   
kV19  .  

  .
    

 .  1616  
       

y y  
        

   
 .17 

     
       16    .

 161718 17/3-x=  

   
  .1617   

  

  
 12 6000

(kV) 5(kV) .

(kV)19(kV)12
13 6000  

18     
      .

      
     

 ( )    
 .   

       
192021    

  
 .                
    

222324     
  

y   
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

1394 1511  157  

(kV)5(kV) .

(kV)19(kV)12
 14 4500

7- 
  

   .1/1y=- 

  
  

 22     
) y    (   
1) (

    
1 

     
   
  

23  24  

(kV)5(kV) .

(kV)19(kV)12
 15 3000  

  
 16 (v y6000 

 22/1y=- )  

   
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             7 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

  

158  13941511  

  
 17  (v 4500 -

22/1y=- )

  
 18  (v 3000 

22/1y=- )

  
 19  (v 6000

 9/1y=- )

 20 (v 4500
9/1y=- )

 21 (v 3000
9/1y=- )

4500  3000 1 ) ( 
   23  

24       
y      

 
  

  
1    1  

       
     

   .
1 1 

   1 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

1394 1511  159  

  . 
     
   

  
22 ) 2- ,8-    (   

24 kV 19    
  24 3     

    
22   

   
 .  

25  26 
 

 )  1 (
 .

)2 (  
  

 22  6000

 23  4500

  
 24 3000

  
25 U 

  
26 U   

 .2 
  
2 

 . 
2 

2   
272829 

 .   
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                             9 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

  

160  13941511  

)22(Pe = Re Pr =

L   k 
Re      .) 22    (

 .27    
         

  

 
     

     
   
  

 .272829 
)1- 2- (

      
  

60004500 1   1-y=    
2-y= 60004500   

4-y=  .29   
      

   3000   
 .2728 ) 2- ,4-    (

  
3000 

      
  -

  

7 -    
  

U    .
      

      
    .

    
     

   
 .

     
        

     
     

      

  

  
 27 6000

 28 4500

 29 3000

8 -   
e)c(

)N/c(
)N(

k

)c/m(
)c/m(

Pe

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html


    

       U       DBD        

1394 1511  161  

T)K(
) K(

V)V(

)Coulomb/m(
)kgm-3(

)kgm-1s-1(
)Hz(

 ) F(

9 -   
[1] Y. Li, X. Zhang, X. Huang, The use of plasma actuators for bluff body

broadband noise control, Experiments in Fluids, Vol. 49, No. 2, pp. 367-
377, 2010 . 

[2] M. P. Patel, T. T. Ng, S. Vasudevan, Plasma actuators for hingeless
aerodynamic control of an unmanned air vehicle, AIRCRAFT Vol. 44, No.
4 , pp. 1264-1274, 2007 . 

[3] M. M. Hollick, M. Arjomandi, B. S. Cazzolato, An investigation into the
sensory application of DBD plasma actuators for pressure measurement,
Sensors and Actuators A: Physical Vol. 171, No. 2, pp. 102-108, 2011 . 

[4] M. Kotsonis, S. Ghaemi, Forcing mechanisms of dielectric barrier
discharge plasma actuators at carrier frequency of 625 Hz, Journal of
Applied Physics Vol. 110, pp.11330, 2011 . 

[5] R. Erfani, T. Erfani, S. V. Utyuzhnikov, Optimisation of multiple
encapsulated electrode plasma actuator, Aerospace Science and
Technology Vol. 26, No. 1, pp. 120-127, 2013 . 

[6] M. Cheong, B. G. A. Greig, An investigation into the effect of electric field
on the performance of dielectric barrier discharge plasma actuators,
Experimental Thermal and Fluid Science Vol. 35, No. 8, pp. 1600-1607,
2011 . 

[7] G. Tathiri, G. Pouryoussefi, A. Doostmahmoudi, M. Mirzaei, Experimental
investigation of the effect ofdielectric barrier on induced velocity of
quiescent air boundary layer with comparison of corona wind and AC-
DC DBD plasma, Journal of solid and fluid mechanics Vol. 4, No. 3, pp.
103-110, 2013 (In Persian .)  

[8] S. A. S. S .Taleghani, A. Shadaram, M. Mirzaei, Experimental investigation
of active low control for changing stall angle of NACA0012 airfoil
using plasma-actuator, Journal of fluid and aerodynamic mechanics Vol.
1, No. 1, pp. 89-97,2012 (In Persian .)  

[9] G. Pouryoussefi, M. Mirzaei, Experimental investigation of the effect of
steady and unsteady actuation on performance of plasma actuators for
active flow control in boundary layer, Journal of fluid and aerodynamic
mechanics Vol. 3, No. 2, pp. 51-62, 2014(In Persian .)  

[10] E. Ebrahimi, Morad, M. Payande, Numerical modeling affect plasma
actuator intemperature ield and velocity turbulent combustion CO4
and air, ICHMT pp. 1-7, 2014 (In Persian .)  

[11] J. Jafari, M. Safari, Y. Ahmadizadeh, B. Shokri, Air flow control in
boundary layer with use of plasma actuators, Journal of aeronautical
engineering Vol. 12, No. 1, pp. 59-66, 2010 (In Persian .)  

[12] K. P. Singh, S. Roy, Modeling plasma actuators with air chemistry for
effective flow control, Journal of Applied Physics, Vol. 101, No. 12,
pp.123308, 2007 . 

[13] M. Mamunuru, T. Simon, D. Ernie, U. Kortshagen, Plasma actuator
simulation: Force contours and dielectric charging characteristics, in 
48th AIAA Aerospace Sciences Meeting Including the New Horizons Forum
and Aerospace Exposition ,Orlando, USA 2010 . 

[14] Y. B. Suzen, P. G. Huang, D.Ashpis, Numerical simulations of flow
separation control in low-pressure turbines using plasma actuators, in
45th AIAA Aerospace Sciences Meeting and Exhibit Reno, USA, 2007 . 

[15] Y. B. Suzen, P. G. Huang, J. D. Jacob, D. E. Ashpis, Numerical simulations of
plasma based flow control applications, in 35th Fluid Dynamics
Conference and Exhibit Toronto, Canada, 2005 . 

[16] M. Riherd, S. Roy, Measurements and simulations of channel flow
powered by plasma actuators, Journal of Applied Physics Vol. 112, No. 5,
pp.053303, 2012 . 

[17] A. S. Taleghani, A. Shadaram, M. Mirzaei, Effects of duty cycles of the
plasma actuators on improvement of the pressure distribution over
NLF0414 airfoil, Modares Mechanical Engineering Vol. 12, No. 1, pp. 106-
114, 2013 (In Persian .)  

[18] A. Salmasi, A. Shadaram, M. Mirzaei, Numerical and experimental
investigation on the effect of plasma actuator on NLF0414 airfoils’
efficiency after the stall, Modares Mechanical Engineering Vol. 12, No. 6,
pp. 104-116, 2013(In Persian .)  

[19] M. Mirzaei, M. N. S, Improvement of projectile time response to control
commands using plasma actuator, Modares Mechanical Engineering Vol.
13, No. 14, pp. 118-124, 2013(In Persian .)  

[20] P. Y. Wang, H. Y. Guan, High temperature collecting performance of
new all-glass evacuated tubular solar air heater with U-shaped tube heat
exchanger, Energy Conversion and Management Vol. 77, pp. 315-323,
2014 . 

[21] R. Liang, L. Ma, Theoretical and experimental investigation of the filled-
type evacuated tube solar collector with tube, Solar Energy Vol. 85, No.
9 ,pp. 1735–1744, 2011 . 

[22] B. Bouhacina, R. Saim, Analysis of thermal and dynamic comportment of
geothermal vertical U-tube heat exchanger, Energy and Buildings Vol.

58, pp. 37-43, 2013 . 
[23] J. R. Roth, D. M. Sherman, S. R. Wilkinson, Electrohydrodynamic flow

control with glow discharge surface plasma, AIAA Journal Vol. 38, No.
7, pp. 1166-1172, 2000  

[24] C. L. Enloe, T. E. Mclaughlin, R. D. VanDyken, K. D. Kachner, E. J.
Jumper, T. C. Corke, M. Post, O. Haddad, Mechanisms and responses of

single dielectric barrier plasma actuator geometric effects, AIAA
Journal Vol. 42, No. 3, pp. 595-604, 2004 . 

[25] C. L. Enloe, T. E. Mclaughlin, G. I. Font, J. W. Baughn, Parameterization of
temporal structure in single dielectric barrier aerodynamic plasma
actuator, AIAA Journal Vol. 44, No. 6, pp. 1127-1136, 2005  

[26] C. L. Enloe, T. E. Mclaughlin, R. D. VanDyken, J. C. Fischer, Plasma
structure in the aerodynamic plasma actuator, in 42nd AIAA Aerospace
Sciences Meeting and Exhibit Reno, Nevada,2004.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.5

0.
6 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.50.6
https://mme.modares.ac.ir/article-15-11236-en.html
http://www.tcpdf.org

