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-

 
 يه مرزيان داخل لايبرجر ييپلاسما عملگراثر  يوهيش .1شکل 

 
 ايناپا يکل کاريس. 2شکل 
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 .يبردار داده ستميس و هيتغذ منبع ل،يرفويا ،باز مدار باد تونل از کيشمات ينما. 3شکل 

  
 )ب( )الف(

 
 )ج(

 .ليرفويا يرو فشار منافذ يريقرارگ محل( ج) و فشار منافذ( ب) ل،يرفويا طرح( الف). 4شکل 

 منافذ فشار يريارگت قري.  موقع1جدول 
N12345678910111213141516

%00.0170.050.130.220.280.310.350.40.450.490.530.620.710.760.85

 

 
 جاد شده استيآن ا يرو ييعملگر پلاسما ياشانه يورق کاپتون/ مس که طرح هندسه.5شکل 

 

 (M = 0.3) 
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 )ب( )الف(

مزدوج  يچرخش يها انيجرل يتشک يک و نحوهيشمات ينما. 6شکل 

 [34] )ب( ي)الف( و تک

 
ل قبل و يرفويسطح ا ينصب شده رو ياشانه ييعملگر پلاسما. 7شکل 

 کيباز شدن منافذ فشار استات يجاد برش برايبعد از ا

T

T

T

 Tو  ياشانه ييپلاسما يعملگرها يک و ابعاديش شماتينما. 8شکل 

  شکل

 

 

 
توسط عملگر  ياگردابه يها انيجرل يتشک يش نحوهينما. 9شکل 

 ساده يادندانه اره ييپلاسما

 

 r>1 (r=λ/H) λ

 H 
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rr = 0.25r = 0.5

r = 

2

r

λH
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ل و ابعاد و يرفويا ينصب شده رو يادندانه اره ييعملگر پلاسما. 10شکل 

 مربوطه ياندازه ها

  

 

 
با  يجت مصنوع ييل پلاسما در مولد پلاسمايند تشکيفرا. 11شکل 

 يش توان وروديافزا

ل يرفويا يمشبک نصب شده رو يادندانه اره ييعملگر پلاسما. 12شکل 

 مربوطه يو ابعاد و اندازه ها

 
توسط عملگر  ياگردابه يها انيجرل يتشک يش نحوهينما. 13شکل 

 مشبک يادندانه اره ييپلاسما

 A 

𝐶𝑝𝑖,𝐴 = (𝑃𝐴 − 𝑃∞)/
1

2
𝜌∞𝑈∞

2  
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 𝑃𝐴 , 𝑃∞ 𝜌∞  𝑈∞

 A

 𝐶𝑝,𝐴 = 𝐶𝑝𝑖,𝐴/√1 − 𝑀∞
2

M∞ 

𝑅𝑒𝑥 = 𝑈∞𝑥/𝑣 

𝑈∞ = 140 𝑚/𝑠 x = 4cm 

 v 

  1.35𝑒 −

5 𝑚2

𝑠⁄  

𝑅𝑒𝑥 = 414818 

 

 𝛿𝑥 = 0.16𝑥/𝑅𝑒𝑥
1

7⁄

x = 4cm 

 𝛿𝑥 = 0.001𝑚 .

   

 3cm

 4cm

 

 

 δc = 0.00025m 

 (F += fexl/U∞) 

l fex 

 

 F+ 

.

T 

 α=10o 

 x⁄c = 0.2 

 4cm

T 

F+ 

l=0.16mC =0.2m  U∞ =140m/s 

 (PSD) 

 

  F+ =0.9825
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آن در حالت  ينصب شده رو ييبا عملگر پلاسما ليرفويا( 1. 14شکل 

در  ياشانه ييبا عملگر پلاسما ليرفوي( ا2 رون تونل باد، يخاموش و ب

شکل در حالت روشن )  T ييلاسمابا عملگر پ ليرفوي( ا3 حالت روشن، 

 .داخل تونل باد(

 

 PCB  

 

(F+ = 0.9825) 

  

. 

 

 
 x/cفشار واقع در  منفذ يفشار لحظه ا توان يفيط يچگالنمودار . 15شکل 

 درجه10حمله  هيزاودر . 0.35 =

T 

 x/c>0.2 

.

M∞=0.428

Vpp 

= 15kVfcar = 10, 11, 12 kHzfex = 875Hz

(Vpp) 

 

 

 
در  کياستات فشارتوان نوسانات  يفيط يچگال ير آبشارنمودا. 16شکل 

 ليرفويفشار مختلف در طول وتر ا منافذ

 

 Vpp 

 

 

 Vpp   

.

.
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T

T

M∞=0.428α = 10oVpp = 15kVfcar = 10kHz

fex = 875Hz٪

 
ر عملکرد يحت تأثل تيرفويسطح ا يع فشار بر رويتوز يمودارها. ن17شکل 

 شکل Tو  ياشانه يعملگرها

 
مختلف در  يفشارمربوط به منافذ فشار  يارات لحظهيينمودار تغ. 18شکل 

 ياروشن وخاموش عمگر شانه يها حالتدر  ليرفويطول وتر ا

٪

PSD 

α = 10o٪

l = 0.16m

U∞ =140m/s

PSD

fex = 820HzF+ = 0.937

 
 در منفذ يه مرزينوسانات فشار داخل لا توان يفيط ينمودار چگال. 19شکل 

عملگر  يدر دوحالت خاموش و عملکرد پالس. x/c = 0.35فشار واقع در 

 ساده يادندانه اره

 
ر عملکرد يل تحت تأثيرفويسطح ا يع فشار بر رويتوز ينمودارها. 20شکل 

 ساده يادندانه اره عملگر
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. 

 

 

 

 
مشبک  يادندانه اره ييل پلاسما در عملگر پلاسمايمراحل تشک. 21شکل 

 يش توان وروديبا افزا

 

 PSD  α = 10o 

fex = 850Hz

F+ = 0.971

 

 

 fex = 

875Hz ٪٪

.

 

 
در  يه مرزيداخل لا توان نوسانات فشار يفيط ينمودار چگال. 22شکل 

 يدوحالت خاموش و عملکرد پالس. x/c = 0.35فشار واقع در  منفذ

 مشبک ياعملگر دندانه اره

 

 
 ريتحت تأث ليرفويسطح ا يفشار بر رو عيتوز ينمودارها. 23شکل 

 مشبک ياعملکرد عملگر دندانه اره

 

 

٪

٪ 

 

 (M∞=0.428) 
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 ليرفويک نقطه خاص از ايمختلف در  ييپلاسما ير عملگرهايتأث ياسهيمقا. 2 جدول

 
Maximum Cp  

at x/c=0.22

5cm
15 

kV

10-11-12 

kHz
875 Hz50%

T3cm
15 

kV

10-11-12 

kHz
875 Hz50%100%

2.5cm
15 

kV

10-11-12 

kHz
875 Hz

100% 

 50%

29%

35%

2.5cm
15 

kV

10-11-12 

kHz
875 Hz

100% 

 50%

39% 
68%

[1]  P. Bowles, "Wind tunnel experiments on the 

effect of compressibility on the attributes of 

dynamic stall," University of Notre Dame, South 

Bend, Notre Dame, March 2012. 

[2]  Thomas, F., Corke, C., Iqbal, M., Kozlov, A. and 

Schatzman, D., "Optimization of dielectric barrier 

discharge plasma actuators for active 

aerodynamic flow control," AIAA, Vols. 47, No. 

9, pp. 2169-2178, 2009.  

[3]  Giepman, R. H. M., and Kotsonis, M., "On the 

mechanical efficiency of dielectric barrier 

discharge plasma actuators," Applied Physics 

Letters, vol. 98, 2011.  

[4]  Ying-hong, L. Yun, W. Hui-min, S., Hua, L. and 

Min, J., "Plasma Flow Control," InTech, 

Shanghai, 2011. 

[5]  Asada, K. , Yoshihiko, N., Akira, O. and Kozo, 

F., "Airfoil Flow Experiment on the Duty Cycle 

of DBD Plasma Actuator," in 47th AIAA 

Aerospace Sciences Meeting Including The New 

Horizons Forum and Aerospace Exposition, 

Orlando, Florida, 2009.  



 

 هوافضا يدانش و فناورنشرية علمي  138
 

رس
بر

 ی
جرب

ت
 ی

سه
ند

ه
ای

ه
 

دها
مول

ف 
ختل

م
 ی

سما
پلا

 يیِ
يجر

 ان
ابه

رد
گ

 ای
جر

ل 
نتر

ر ک
د

ي
 ان

کم
ترا

ريپذ
 [6]  K. Fujii, "High-performance computing-based 

exploration of flow control with micro devices," 

Philosophical transactions of the royal society A, 

vol. A, pp. 1-13, 2017.  

[7]  Hikaru, A., Satoshi, S., Makoto, S., Aiko, Y., 

Taku, N. and Kozo, F., "Computational and 

experimental analysis of flow structures induced 

by a plasma actuator with burst modulations in 

quiescent air," Mechanical Engineering Journal, 

vol. 2, 2015.  

[8]  Enloe, C., McLaughlin, T., VanDyken, R., 

Kachner, K., Jumper, E., Corke, C., Post, M. and 

Haddad, O., "Mechanisms and Responses of a 

Single Dielectric Barrier Plasma Actuator: 

Geometric Effects," AIAA Journal, Vols. 42, no. 

3, pp. 595-604, 2004.  

[9]  Rodrigues, F., Pascoa, J. and Trancossi, M., 

"Analysis of Innovative Plasma Actuator 

Geometries for Boundary Layer Control," in 

ASME, Phoenix, Arizona, 2016.  

[10] Timothy, N., Takehiko, S. and Hirohide, F., 

"Flow Control on a NACA 4418 Using 

Dielectric-Barrier-Discharge Vortex Generator," 

AIAA, vol. 51, pp. 452-465, February 2013.  

[11] Chuan, H. and Thomas, C., "Numerical and 

Experimental Analysis of Plasma Flow Control 

Over a Hump Model," in 45th Aerospace 

Sciences Meeting, January 8-11,, Reno, Nevada, 

2007.  

[12] Michael, W., Flint, O. and David, S., "A 

Parametric Investigation of Plasma Streamwise 

Vortex Generator Performance," in 50th AIAA 

Aerospace Sciences Meeting including the New 

Horizons Forum and Aerospace Exposition, 

Notre Dame, 2012.  

[13] Ghayour, A., Mani, M., "Experimental 

investigation of plasma vortex generator in flow 

control," Aircraft Engineering and Aerospace 

Technology, 2019.  

[14] Berendt, A., Podlinski, J., and Mizeraczyk, J., 

"Comparison of airflow patterns produced by dbd 

actuators with smooth or saw-like discharge 

electrode," Journal of Physics: Conference Series, 

2011.  

[15] Zhifeng, L., Mingming, Z. and Lianze, W., 

"Investigation on 3D flow field induced by a 

plasma actuator with serrated electrode," Science 

bulletin, pp. 481-487, March 2016.  

[16] Zhang, P., Dai, C., Liu, A. and Wang, J., "The 

effect of actuation frequency on the plasma 

synthetic jet," SCIENCE CHINA, vol. 54, p. 

2945–2950, 2011.  

[17] A. Santhanakrishnan, "Characterization and 

flow physics of plasma synthetic jet actuators," 

University of Kentucky, Kentucky, 2007. 

[18] Jae-San, Y., Jae-Hung, H. and Ho-young, K., 

"Flow control technology for vibration load 

reduction," January 2013. [Online]. Available: 

http://sss.kaist.ac.kr/?page_id=2915. 

[19] Ronald, E. and Philippe, L., "Effect of Plasma 

Actuator Excitation for Controlling Bypass 

Transition in Boundary Layers," in AIAA, 

Orlando, Florida, 2010.  

[20] Bal Krishan, M. and Panigrahi, P., "Formation 

and characterization of the vortices generated by 

a DBD plasma actuator in burst mode," Physics 

of Fluids, vol. 29, 2017.  

[21] Chi Wai, W., Xiaoqi, C.,Qian, P. and Yu, Z., 

"Effects of plasma actuator generated vortices on 

a turbulent boundary layer," in 10th International 

Symposium on Turbulence and Shear Flow 

Phenomena (TSFP10), Chicago, USA, 2017.  

[22] H. Chuan, "Plasma slats flaps; an application 

ofplasma actuators for hingeless aerodinamic 

control," University of Notre Dame, Notre Dame, 

2008. 

[23] Timothy, N. and Kwing-So, C., "Dielectric-

barrier-discharge vortex generators: 

characterisation and optimisation for flow 

separation control," Springer, vol. 52, no. 

Springer-Verlag, p. 329–345, 2012.  

[24] Benard, N., Moreau, E. and Balcon, N., 

"Electric wind produced by a surface dielectric 

barrier discharge operating over a wide range of 

relative humidity,," in 47th AIAA Aerospace 

Sciences Meeting,, 2009.  

[25] Rizzetta, D. and Visbal, M., "Effect of 

compressibility on plasma-based transition 

control for a wing with leading-edge 

excrescence," INTERNATIONAL JOURNAL 

OF COMPUTATIONAL FLUID DYNAMICS, 

vol. 31, pp. 156-173, 2017.  

[26] M. Denison, "Compressibility Effects on the 

Non-Linear Receptivity of Boundary Layers to 

Dielectric Barrier Discharges," The University of 

Texas at Arlington, TEXAS, 2013. 

[27] C. Rethmel, "Airfoil Leading Edge Flow 

Separation Control Using Nanosecond Pulse 

DBD Plasma Actuators," The Ohio State 

University, Ohio State, 2011. 

[28] Little, J., Takashima, K., Nishihara, M., 

Adamovich, I., and Samimy, M., "High Lift 

Airfoil Leading Edge Separation Control with 

Nanosecond Pulse Driven DBD Plasma 

Actuators," AIAA, 2010.  

[29] Frankhouser, M., "Nanosecond Dielectric 

Barrier Discharge Plasma Actuator Flow Control 

of Compressible Dynamic Stall," The Ohio State 

University, Ohio State, 2015. 

[30] G. Bradley, "Active control of massively 

separated high speed /base flow with electricarc 

arc plasma actuators," University of Illinois at 

Urbana, Urbana, Illinois, 2012. 

[31] W. Matthew, "Nanosecond Dielectric Barrier 

Discharge Plasma Actuator Flow Control of 

Compressible Dynamic Stall," The Ohio State 

University, Ohio State, 2015. 

[32] L. Kelley, "Airfoil leading and tralling edge 

separation control using SDBD plasma 



 

 139 1399اول، بهار و تابستان  هسال نهم، شمار
 

یعل
ضا

ر
رویغ 

مان
ود 

حم
، م

ی
سع

د 
حم

، م
 یدی

actuators," University of Notre Dame, Notre 

Dame, 2013. 

[33] Kwing-So, C., Timothy, N. and Richard, D., 

"Plasma Virtual Actuators for Flow Control," 

Journal of Flow Control, Measurement & 

Visualization, vol. 3, pp. 22-34, 2015.  

[34] Philipp, C. and Markus, J., "Numerical 

Investigations on Tollmien–Schlichting Wave 

Attenuation Using Plasma-Actuator Vortex 

Generators," AIAA, pp. 1-7, 2018.  

[35] Liu, Z., Wang, L. and Fu, S., "Study of flow 

induced by sine wave and saw tooth plasma 

actuators," Science China Physics, Mechanics 

and Astronomy, 2011.  

[36] Durscher, R. and Roy, S., "Three-dimensional 

flow measurements induced from serpentine 

plasma actuators in quiescent air," Journal of 

Physics D: Applied Physics, vol. 45, 2012.  

[37] P. Bennani, "Development and optimization of 

synthetic jets for active flow control," Isae, 

Toulouse, 2011. 

[38] Hikaru, A., Yoshiaki, A., "Flow control using a 

DBD plasma actuator for horizontal axis wind 

turbine blades of simple experimental model," in 

11th World Congress on Computational 

Mechanics (WCCM XI), Barcelona, Spain, 2014.  

[39] P. Bowles, "Wind tunnel experiments on the 

effect of compressibility on the attributes of 

dynamic stall," University of Notre Dame, South 

Bend, PhD Thesis, Notre Dame, March 2012. 

 

                                                            
1. Power spectral density (PSD) 

2. Dynamic stall vortex 

3. Technology readiness level (TRL) 

4. Alternative current (AC) 

5. Direct current (DC) 

6. Unsteady or burst mode 

7. Dielectric barrier discharge )DBD( 

8. Reynolds-averaged Navier-Stokes (RANS) 

9. Transient  

10.  NASA energy efficient transport (EET) 

11. Carrier frequency 

12. Excitation frequency 

13. Duty cycle 

14. Electromagnetic compatibility (EMC) 

15. Electromagnetic interference (EMI) 

16. Printed circuit board (PCB) 

17. Streamwise 

18. Spanwise 

19. Plasma synthetic jet actuator (PSJA) 

20. Zero-net-mass-flux (ZNMF)  

21. Electrical breakdown 


