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Characteristics of plasma synthetic jet actuator array in parallel

WANG Lin' , ZHOU Yan', LUO Zhenbing' , XIA Zhixun' , SHAO Tao’ , DENG Xiong'
(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;

2. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; Due to its superiorities of high exhaust speed, wide frequency band and rapid response, the plasma synthetic jet actuator has shown

wide and promising application prospects in high-speed flow control. On account of the weak control authority and small affected area of single

actuator, a parallel actuator array was investigated. A parallel microsecond-grade pulse power supply was developed to achieve a three-path discharge.

The power supply shows good stability with and without the load at 1000 Hz working frequency. As the capacitor increases, the temperature of the

plasma arc increases. The air in the actuator chamber is heated more prominently. So the speed of the jet rises. As the frequency increases, the jet

speed decreases due to a lower breakdown voltage. The parallel actuators can be controlled independently by manipulating the trigger signals, which makes

the parallel actuators more flexible than the serial actuators. The phase of the actuator was shown to be controlled accurately by the trigger signal.
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Fig.2 Two-electrode plasma synthetic jet actuator

IR ARG AP 1(b) B, b 8 U 18] s B
b (AT ot oy S Y i G G S e D 2
SERUT L R 2R G Hy = )2 5 R AR LAY H B O 1B A
J, B2 AT LA s ) — s A A, B
LI 10 KV, S TAEARAR Jy 1000 Hz,
1.2 R RS

Dl s A TS P A 1 R T g s 4 Sk ( Teketronies
P6015A, 75 MHz, measurement range 0 ~20 kV) |
HHL I 26 18 ( Pearson 4997, 20 MHz,
range 0 ~20 kA) JEATI o 4 A5 508 3 7 ik
£ ( Tektronix DPO3014, 100 MHz, 2.5 GS/s) it
iR, RS # AL (PCO. Dimax HD) | &,
TIOR8 Sk B 08 ' P %) e el Fi IR AT UL, AH
PLAY IR SC I 18] 32 e /N (1.6 ws) , FA SR
50 000 fps,

KRB F Ge X S A AT I, ¢
SEOCIE B AT (T4 300 W), it e v 744 T [ T

measurement



54 1)

AR, S IR S S A B R R s AR R -6l -

Bé (LA 200 mm FEFE 2 m) F1 T FE A5G B 1)°F
THGER4 o >R 12 £ ) CMOS 155 3 AHL ( Photron
FASTCAM SA - X2) J% £5 15 200 mm %% 3k (AF
NIKKOR 80 —200 mm {/2. 8D ED) #17805% K14
KA AL GI [R50 1,25 s, dA45 3 B
200 000 fps.

2 WHWEERSH

2.1 FgRE%FiE

I A YA 2 % T B4R R T, 1000 He
FeE TARM I B BIE AN 3 Fro. dnlel 3 (a) i
NS TEZSBARAER B A it R AR E
FE10 kV, MW 3(b) ~ () BizR, 2R 10 nF Jiig
HLAE B2 o AR [ B PR 0l e £ 28 o 5 FL I
297093. 8 kV L AR L2 500 A LR
NRSRE , A MK BLG, BUR kfil i E B
A — B

15

10

Sf
nanE
< L | |
g OF | ,
2 [
_5:_
-10
E T
il /ms
(a) 2SR
(a) Output voltage without load
5_
i
3F
% 2f
) [
2 1

Y| 1 ! 1
20 2 6 8 10

1
i} ]/ ms

(b) e B e
(b) Discharge voltage

1

0.5

, i/ kA
(=]

0.5

It (A /ms
(c) JHHLHLR

(¢) Discharge current

&3 Hij% 1000 Hz i B
Fig.3 Waveforms of single path at working
frequency of 1000 Hz

Pl 4 &5 BT 7R S AN [) T30 300 26 45 1 T YR
L Hs FL BT, Heh O W 25 o B (B) B3 1)
PRHEF10 nF 2 mm, i HL R HL IR BB AT 0K
J& , FTE I A AR T A X R T
MR T —A-3L B RLC PR35 L 3%, i
HLFE R R DRI ¥ O 401 % B RLC [m] % 119 H
RH RIS . R 4 B 5 = Fp T
TR AEE R, H S A R R H BH AR AN, BT LA
SRR U L R IR AR AR — 3
FEAH R FE 2 B A ) B % R, JBCHR 1 o 5
P, o 5T P A0 3 %) AP T T S 14 K, 76 300 Hz i
TR EF RN 4.5 KV 16 1 He B, S 8L &
FE3 8 KV, 3K — 7 T2 HH T Fifi 2 50 v A0 58 11 4
T S g E A AR F I AR AR AR 2, T
SEUE AR ]S R A A R AR A R T
ARG FElRe S K, HA R KSR o r <R
W5 Tl 2 O3 —J7 2 BT R R B {45
VRS R i ] ) 4 et L A0 (1) I8 P R 3 el F kL
F A TERTHAR AR B BERS R, ik v i 1 T )
B =RV (1] (AR N o N SO 5 2 9 R TN
RERE A 0.5 C - Uy, Mo C %, Uy i 5
IF LA i () H s (T 2 ) o Bl AR B 2
1o, i 28 F R REAIG, B U F o A RE /), A i
RLC HB& 047 , T35 R 04 (L H Yt B 2 0 S o

& 6 FIrs AN RIS AS 254 B 4 B IR
HIIUEE, B 7 B 8 N AR B2 551 T
FE CRIRIEIE . Hodr, S s LR A o 28 I Z04%
WCE fish KA 5 JF R0 B, AR ALY R ' B[R] 34
1.6 s, HLAR ] B 7550 HE 00022 43 S0l A FF 2 mm



- 62 -

e PN

7

55 40 &

oL /kV

oL /kV

oL /kV

1 Hz, &7 (&8 Frz, O =Fh 00T A&
{EAS AR, i AR s | PR VAL 3 AR 957 A AR 22
BRI ol T R A 18] B R i A 430 3R [ 2, R

B |
I
- i
| I
s I
5 !
[
|
B |
- i
L i
- |
= .x‘
[ ol
| P
\
N P 'l B PR BT
0 0002 0004 0006 0008 001
A 1] /ms
(a) f=1 Hz

000 00050006 0008 0,01
fi i)/ ms
(b) £=300 Hz

AWML AN

I
v

M
0

NP IR R A
0.004 0.006  0.008 0.01

I k] /ms

N -
0.002

(¢) f=1000 Hz

B4 RS B BT

Fig.4 Voltage waveforms for various discharge frequency
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Fig.5 Current waveforms for various discharge frequency
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