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Development of Engineering Model for Tri-Electrode Plasma Actuator
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Tri-electrode plasma actuator(TED-PA) can generate stronger jet than that of conventional two-electrode type plasma
actuator. In this study, we develop an engineering model for TED-PA utilizing Suzen model, which is one of the
engineering models for two-electrode type plasma actuator. As the start of this study, to validate the Suzen model, we
compared the body force field in Suzen model and plasma simulation. As a result, it is confirmed that Suzen model can
reproduce the comprehensive structure of the time-averaged body force field generated from two-electrode type plasma
actuator. Next, to develop Suzen model for TED-PA, we analyzed the charge density distribution on the dielectric
surface by conducting the TED-PA plasma simulation. As a result, on the side of AC electrode the charge density
distribution fluctuates in association with the time variation of applied voltage. On the other hand, on the side of DC
electrode it is formed of a linear distribution and almost doesn’t fluctuate.

1. i@

IEE, FHERANY T HEAFIH L7z Dielectric Barrier Discharge
Plasma Actuator (LA DBDPA) 2SEEBIRGILIAHIET /34 A L LT
HEHZHED TS, DBDPA I3, Fig 1@ & 512 1 HeoihEk L
2 R DM AR S, BRI KV, 35 kHz OB
MT25E, FEAREDEIRAE LAY THEIZL D 7T X<
AR Sig. BRI X VRSN 7T X< 3BT A OHRL
FLER L, EIE A AT S 2 LI Lo T, MDA T .
FA U LY, FERRn LY =y MR EhS.
FEPRETRTEIER M N, NS UISE 2N, < e &
ORIEDD, HisFE~4ET 5 2 & CRENZHET 250
WZENERIATOR TV DD, L, Sit&Ens Y=y MK
ms BRETHY, FEEEICBOTEINTE DHIEENENE ST
W ERTEE SCWD. HITE, EEMERM oIS
i, ZOREEARRT BT-0IC, FIZ2DOT T r—F THIZEN
TN Qs 1 DI NES 22 ORI A il 2 LD
ML THO, B9 1 DFHETH V= v M EMLT 52 TH
5. Vv NaebT A HED 1 DL LT, #Hifz/rEmaBine
1~ =BT X~T 7 F 2 ——4 (Tri-Electrode PA, LA N TED-PA)
DERENTHDHHD, TED-PA |3 Fig. 10)D & 912, 2 MDOFEHE
& 1 BOWFEER, BILOENLITEENDFER» SRS
n, —HoOBHEm G AC B 15 kV, i kHz OZIE
JEEFTNL, 5 (LT DC &R 12135 kv OEE L2 FHin
T3, 18 S OATHIZED T, TED-PA Ot T 5P = v hojE
B L@ E O DBDPA [ ZHASK) 5 BN L= 2 s STl

O, 5%, kxR~ OIS FIFIC T e & B S4B

Tz NOFHEIL, N THEMEY HIREC L o TEL
%. DBDPA OISR aHEE LERMLT 27201203, LD
O30 &R A FHEICTFIITE 2 TR ETANSLETHD. H1ERD
DBDPA DT ETF/MIT TN OHFEREN TN H 1889,

TED-PA (22U CERIZITHIE . 2 2 TAMSE T, TED-PA
OIS % TR 2 THET VOB ERA& R LT 5. A0
HETIE, DBDPA DT HEFAD—>ThHh5 Suzen ET7 /LD
UHEOFUIMAATY Y, YRIZ TED-PA DIFET T A~ I al— 3
ANZE - T, Suzen ET V%A TED-PA ~EET A7200DT—4 %
ET 5.

AC electrode Plasma — [nduced jet

| /oL

4
‘T -
= Grounded electrodee" \Dielectric Layer

(2) DBDPA

Plasma Induced jet
AC electrode

DC electrode

T V

Grounded electrode)/ =  \Dielectric Layer

(b) TED-PA
Fig. 1 Schematics of plasma actuators.
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Fig.2 DBDPA model.
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Fig.3 Plasma simulation domain (DBDPA).
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(b) Plasma simulation

Fig.4 Time-averaged body force distribution (DBDPA).
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Fig.5 TED-PA model.
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Fig.6 Plasma simulation domain (TED-PA).

4.1 TED-PA {5515
F£3, TED-PA OART AIME 1% 7T A~ I alb—ra
UHBEELE. IR ab— g ATk D E SRS
SEEAL LT85 % Fig. 7 WO Y. @ISR OIEHEE, (b)
2 x EHAOEREN %, (oW y IESTAORE %777, Fig. 7(a)
£V, DBDPA E[AERIZ AC FERRITHAFE IV ERSND & &
HIZ, DC HEIE T HUFEIRAER STV D, EBIZ, Fig
1b)& Y, AC EMIEECAERINA AR IITARE (E) &b
—J5C, DC TERLIF CARSNARR NIIERE (A) &725
Copyright © 2015 by JSFM



Z EW3inD. TED-PA Tid DC FBIED EFIZHNY = v M3
BN % = LA S TR Y9, ZOFHiT DC &
\ZBIT BEME OUFENAERMFRR TH S, LT, TED-PA
DETABRICBNTL, AC EBMIFEOIEDOMFES &, DC &k
R8BI AADER ORI CEX 5 Z L BREETH 5.

Fabs [N/m?] IS T e
0 1.X104

(a) Body force magnitude

Fry[N/m®] SRS T
oy [Nm'] 105 40 10°

y [mm]

0 4 8 12 16 0 4 8 12 16
x [mm] x [mm]

(b) x-direction body force (c) y-direction body force
Fig.7 Time-averaged body force distribution (TED-PA).
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Fig. 8 Applied voltage waveform and AC current.
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Fig. 13 Charge density distribution.
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