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Abstract: Dielectric barrier discharge (DBD) is uniform, stable, and easy to lay, and is the most common
excitation method in wing/airfoil plasma flow control (PFC). RF dielectric barrier discharge excitation possesses
the abilities of high frequency and large discharge power, and can produce obvious heating in the flow field,
which has great application potential. RF power was supplied to drive DBD actuator to generate plasma. The body
force, thermal and induced flow filed characteristics of discharge were analyzed and the experiment of RF dielec-
tric barrier discharge for improving the aerodynamic performance of NACA 0015 airfoil was carried out. The influ-

ence law of duty cycle, modulation frequency, carrier frequency, and power supply on flow control effect was

* AEEEE: 2019-01-04; f&iTHHR: 2019-05-26.

BEETH: HEARPIES (114723065 11802341).

fEEEIAY: WAL, B, BRSO 5 TR S SR . E-mail: xielikel011@139.com

WIWES: 2 4, WL, AR, sy S8 F AR s SRR . E-mail: lianghua82702@126.com

SIAME. AL, B AR ROBR, SF . S BB B0 NACA 0015 B PERERY SR ()], HEHERAR, 2020, 41
(2) : 294-304. (XIE Li-ke, LIANG Hua, ZHAO Guang-yin, et al. Experiment on Improving Aerodynamic
Performance of NACA 0015 Airfoil by RF Dielectric Barrier Discharge[J]. Journal of Propulsion Technology, 2020, 41
(2):294-304.)



WAl 2

S A B BELRY i H Bk 3% NACA 0015 3750 3 1 Rk 1 52 56 295

studied. The results show that the body force effect of RF plasma excitation increases with the increase of excita-

tion voltage, and the heat generated by RF plasma excitation is transmitted into the induced flow field to acceler-

ate the flow field. When the inflow velocity is 20m/s and Reynolds number is 3.36x10°, the application of RF

plasma actuation at the leading edge of the airfoil can effectively delay the 1° of the critical stall angle of attack

and increase the maximum lift coefficient by 6.43%. There is still a flow control effect under the over—stall angle

of attack, so that the lift coefficient is slowed down. The greater the modulation frequency, the better the control

effect. There are optimal duty cycle, carrier frequency and power. The duty cycle has the most significant influ-

ence on the control effect of flow field. The optimal duty cycle, carrier frequency and power are 20%, 460kHz

and 50W, respectively. RF plasma excitation improves stall flow field by body force effect, thermal effect, and

induced wall jet, which greatly improves aerodynamic performance of NACA 0015 airfoil and effectively controls

flow separation.
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Table 1 Introduction of plasma flow control methods

Actuation method Carrier frequency/kHz

Control mechanism

Effective velocity range Induced velocity/(m/s)

AC-DBD <20 Body force effect <0.4Ma 0~11014-15]
ws-DBD <20 Transient heating <0.8Ma 0~301e17)
ns—DBD <20 Transient heating and shock wave <0.8Ma 0~0.5018-20]
RF-DBD 200~3000 Body force and transient heating!?" Further study Further study
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Fig.3 Schematic diagram of RF power supply voltage
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different voltage
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Fig. 12 Lift coefficient variation at different modulation

frequency (V,=20m/s)
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