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Active Fluid Control by Multi-electrode Microplasma Actuator
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In this study, multi-electrode microplasma actuator for active fluid control was investigated. Our microplasma electrode could
generate plasma by relatively low voltage less than 1.5 kV due to the pm discharge gap. Such low voltage is easily controlled
by semiconductor switches and small step-up transformer. This contributes to miniaturize the system on parallel operation the

electrodes system. Therefore, more active flow control could be carried out compared as traditionally plasma actuator. Air
flow induced by the atmospheric microplasma was measured by the Particle Tracking Velocimetry (PTV). Incense smoke with
sub-micron diameter was used for tracer particles and Nd YVO. 532 nm laser was utilized to visualize the tracer particles.
When applying sinusoidal voltage 1.4 kV, 20 kHz, to the multi-electrode microplasma electrodes, air flow velocity of 1 m/s
was obtained and its direction (left, right, up, down) was controlled without changing the electrode geometry.

1. FUHIC

AR, KEOBFRLEAFE, #iET o 20l
# B OEmmEL, AR - AETN, HIRBEOBREE
MO & BEEE LT, SURTANLOFHR 2 1L
IV —RBEELZIDELZ->TWE Y., TNFETIZD
TN OHIE % FEBL T 2 72Dk~ 7 7 F 2 = —
FoBFE I T E .

EH12, BUETIE, FEMA ) 7THEIC X5 KA
ST A e Wz, TIART I F a2 —FIlE AR
RN D BEBI RISV AN EN TN D, ZDH7z
2 PEARTIE 7734 21% 90 4EAR1Z Roth HIZ X D EFESN Y,
WEROBEMN T 7 F 2z -5 LI LT, (1) BREFE
KSR s BiiEETHLI L, (2) ZRIENOER &

F—TU—-K:xA 7077 A<, BIREIFHE T
FART 7 Far—%, A, ol
* R RS B LA SR
(T432-8561 i W e ol P XAk 3-5-1)
Graduate School of Engineering, Shizuoka University, 3-5-
1 Johoku, Naka-ku, Hamamatsu, Shizuoka 432-8561, Japan
TEREA ) N— T AR R
(T432-8561 b UL e A T XAk 3-5-1)
Organization for Innovation and Social Collaboration,
Shizuoka University, 3-5-1 Johoku, Naka-ku, Hamamatsu,
Shizuoka 432-8561, Japan
TrESGBERT L — it ge e v & —
(T 182-8585  SRLCHRAR A A 7 It 1-5-1)
Institute for Laser Science, The University of Electro-
Communications, 1-5-1 Chofugaoka, Chofu-shi, Tokyo
182-8585, Japan
" shimizu@cjr.shizuoka.ac jp

LB E A S R, (3) BEROEWERKAH
WO TH LR EORREEHALTVL Y, Zhwz,
L OWMZET V=728, KAEORFEERE ", /74X
g " % EOEBRIHES TN TS, F 7z, Hifl
HEICEBETIART I F T — 5 DR L, ER
AT DR R FAKE T A Shyy EFV Y, BT &
RELCER®EIET S Suzen EF)IV Y L EDf S ET
VR, EA A ORI X % % < Plasma Fluid
Model1*"”, il 4 & fr -3 B % 515 3 % Particle in Cell
(PIC) "™ % BRI HED HIL TN 5.

Fig | ICHFBEBAEN) THE LAV TIAIT 75 2
I— 5 OWEEERT. FEALRAT 2 HOBEM L XHE
TEHRIOMELRLOTHS. THEmEEML, LI
AR EBE XS 5 &, LEER S T i
NI CTT I ARDPEAET B, 7T AP OMBERTD
J—ua IRk pmEE i, kT & % LS A
RET 52 LT, RHNIRT &) BRMERNDE L 54
MATHD 7.

TIART 7 F 2T =7 |2 X FREINLFTEND N

Suction .
Blowing

[ gy, —

Plasma

Dielectric layer

High-voltage electrode Grounded electrode

M1 7I9AYT7 7T 2T—F OfER
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Fig.2 Configuration of multi-electrode microplasma actuator.
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Fig.4 Schematic of experimental set up.
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Fig.6 Schematic image of right-ward flow.
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Fig.8 Flow vector distribution of right-ward flow.

TWL 2 EWGHD. T, Fig7 \RLzEY, 7
FTARIZE D MNONMEPEEENT72DTHS. x=
<11 mm T 0.9 m/s TH o727, x =11 mm Tl
1.5 m/s TR STz, B2 B2 Xk % 3
MTEBEEZSLNDH, Forte 5OME ™ 12H D X2,
TNHBRDO T T AL FIME SIS E TORTIE
IS LY RNDSH T 5. 20720, flHE ﬁLwﬁ
NDEWIZIY, mMEIEHLETHITHIChLEEZLN
5. BEMASE COMMEOEE R T OMENL, 7T X~ H
WTOW AR, EEMLIGERTSEE2615.
F72, x=1lmmiZBT2yHoORETOTT 71V
5, KT VT 2L — 8 OB &I E L7
TR ToLEBY THE .

1 o
_ Kineticpower 7 pl fo dy u(y)® (1)
" Electric power 5W
ZIT, pl BRAOEE 1205 [kgm']1 T, 11 T2 F
2L —=FDOFEE20mm, uly)  ETH5H. FIELAE

MR RIFIT107% &R0, ERD10°~10"% £
s > L L TIERWEZ R L2, — &I, F—o7
FART U F 2= L, FINBESECIEY, %
BN E L e B,

RTINA AN, &F ¥ v AVELTOR=Z[EIED



2 S 2l IS Pty
18 AR B
y
Ch1 Ch2 Ch3 Chd4 X
O [ ]
|
\ \
Microplasma  Dielectric layer GND

9 eI &Gt o

Fig.9 Schematic image of left-ward flow.
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Fig.10 Visualization of left-ward flow.
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Fig.14 Flow vector distribution of up-ward flow.
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