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Multi-Electrode Plasma Actuator for Flow Separation Control of Small-Scale Wing
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The flow control performance of a trielectrode (TED) plasma actuator was evaluated in wind tunnel experiments.

It was found that the thrust of the TED plasma actuator with small gap between the electrodes can be remarkably

improved by optimizing the dielectric layer thickness and the driving conditions. In low-speed wind tunnel tests,

the TED plasma actuator outperformed a conventional single dielectric barrier discharge (SDBD) actuator in terms

of separation control, even on a relatively small NACAOQ0015 airfoil model compared to the plasma actuator, at a

Reynolds number of 6.0x10%.
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Fig. 1 Schematics of the TED plasma actuator
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Fig. 2 Connection diagram of the power supply for
TED plasma actuator

Table 1 Configurations of the TED plasma actuator

Wind
Thrust test tunnel test
Dielectric material PTFE
Electrode material Copper
Dielectric layer thickness: t« [mm] 054 ~ 20 054
Gap length: d [mm] 10 ~ 40 20
Exposed electrode width [mm] 5
Overlap of electrodes [mm] 0
Discharge length [mm] 200
AC frequency [kHz] 16.0
AC voltage: Vae [kVppl | 6.0 ~ 156 6.0
DC voltage: Vi [kV] -30 ~ 30 -14, 18
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Fig. 3 Schematics of thrust measurement system
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Fig. 6 Setup of the time-resolved PIV measurement

(Lee Laser LDP-100MQG) 2L > THEEKEN L L —
YoM ERBEL, RMTBREEHEESIAT (71 a v
FASTCAM SA-X2) 12X D 10007 /F O3 THos L
7o BHMBEIBIIARAL 2 Huiai2200mm A D PR ICERE L 72

— R 1X30m/s, HWAAIZ 0 ~ 30deg? [EIFE ~ Z5HH
L CEBRZIT> 720 RRBICBT2EBEREDOL £/
WV AHIE60X 10 TH b, BB, RNFETOTI AT
7 Fax— yBREIEME, HEMERBORREE b LI
BAELTZ,

3. RBRERBLUEER

3.1 FIXITYUFaI—2BFEOHNBIERR
311 BHEBHEMEEICK3#HAFEANORE
AHiTik, TED7 9 AT 2 F2T—5 OFHEM

MFREZ 2 L2Bo, #h & EmERELEOBER%Z
AL 7245 RSOV TR T, X7 A 25 En i 5 7R
JE, WA T S A< 7 7 F oz — 5 OFBEBERETIHL
TKFEHN - BMEFOWIDO 5L, ZD_5T1Hh
BRO LN OMEE R L T b HIRELIXE
R I BB E U AR O BE £ THmL 720
Vae= 0kVTIZ, ##F13SDBD T I AY 7 7 F 21—
FEM—MRE R 5720, Vi=0kVTOHTI%SDBD
TIGART I Faz—5 0N LT, K%L -7
T ERMWEESX(2)d=40mm, (b)20mm 3B & 0Nc)10mm
Thbo

7, 7 () TE A8 [ i B d=40mm 2 BT 2 H#ETT D
Vi O W TR B, Va S IED A, Vaehd/h
EWBAIESDBD Y I AR T 7 Far—% LIFIZED
ShRWHENZ AR T 5D, Va=+10 ~ 15kV T K J5
MHES BT 50 F L TVa=+15~23kVTIE T h
BT % —FC, wmEHH (LIE) OHEIIGA
S L7, ARBEEAME (Ve=230kV) (Z13HE 1
190mN/m& %Y, SDBDZ7 5 A7 7 F 22— % Ol
J3 (50mN/m) O 45K &% o7z, FEiC, WEGH
#H1%, SDBDZ7 5 A~7 7 F 2T —%H%%IZ 0mN/m
THHDOIIH L, REMTEIHRAKISONMN/m &40, L
HANHWIEFRATEIR SN TS BT 5, Zhik
ACEW - DCEMM T2 5 OXFmEmAH 22 L, L~
RIS 5720 THEHEEZLNT WS,

FVINE SR EE SR OBA I D HMOHET 2 R34,
e L) E OHEINZIEDSEITHRKREL 2012,
BORFEH AN PBBREINTEB Y, HiRIESDBD T
ART 7 Far—% Lid#ic, 1@IZBT HxAN
M) (DCEMA S ACEM ) EHIRALTWE I L
oMb,

WIS, 7 (0B X OCNIR S N2 T H TR A A X
DB WEF- O IEIZ DWW TR B o 5 M B ) e
VWAL, BREOT — 7 ESEBEEN LEEO
G B L TIR 2 2 DT, Mo~EEB X 0% th4
=4, EMWTREZRRKEREEIZNS 25,
VaDBSIEDE L, Vac DN AR KI5 [ o 37 H
HREE T B DS, ARG T EM M A 10mm, 20mm
W OYEIC S FE T A OHETI BN AE U e h o 720
Vae VEADOLGAICE L CiE, EMMEEREIEWIEEIC
b Vae DIPTSR OHE ) 2320 5 BIG LA
U720 7 (DIZ/R S N5 A M FEEA20mm O A 121,
40mmO A L FARIS, BT Oxl 7 O ) & 5
TR DA R AHER SN D75, X 7 (c) 3 H AR ]
FBEA10mm OB A VI HET WA A U 5 A%, EVINIE 5
BIED FRIZET % 7203 ORI - BNIAEERTE %
Potze LED#RID, FHBEMIEHEAI0mmO L E
LHET A E, 20mmB L F10mmDB AT, KRSt
TUHEIFE AT I ORI & KRR BN & #7255 & &
TELholze T, WD 72D ITIEENINTT BE 2 5%

Download service for the GTSJ member of ID , via 18.97.9.175, 2026/06/12.



490 ZSEBRTIANTIF1I-2EBH R ELRRERFMICAGNRZATRHR ARH X4 —EFREE

T T | EREay e (o ]
{ i i ] ] ' ' |
bossdousben o tntusubons funaubass fucl
1 A 1 L} 1 1 1 1 1 1 1
| [} ] ! [} ] ] ] |
+ 4 : i
| i ]
] 1

E [

~ |

E |

--15

i}

g |

Er
|
L
{
{
L

V. KV
(a) d =40 mm

£ |
~ |
% I
4
% i
3 ] ! ! ' T
Z i____%____:____:____:rgoo_ _____ ,:_ —6— horizontal [=-
e B
1 1 1 ] i 1 &— absolute
L ' L4860 1 )
Ve kV
(b) d =20 mm
4 —rr
] ] ] ] ' 1 ] ] ]
i L 1 BRI R S SR SR
| ] ] ] ' i 1 1 ]
| P PPN R SRR [, ¥ Sg e — | P [ R F—
I T I ¥ V 0 I i
I ] ] ] i i ] ]
P S s e 5 e R
~ | ] ] i 1 i ] ]
= | : = + + 4 3
Eds do -1s -fo 5 0 35 b b b 2
% :----o----n----:----r}()ﬂ- ----- = -, -
3 ! [ pee e
Z E____i_____:____:____:rgo.o_ _____ ,:_ —o—horizontal | __
e N e e i
] 1 1 ] 1 1 A&— absolute
| ' i L4860 1 |
Vi » KV
(¢) d =10 mm
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Fig. 8 Thrust characteristics of the small-scale trielectrode
plasma actuator for separation control
(ts = 054 mm, d = 20 mm)
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Fig. 11 Time-averaged streamwise velocity profiles at x/c = 0.5
on the wing model
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Fig. 12 Comparison of time-averaged flow field with and without plasma actuators for various angles of attack
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Fig. 13 Comparison of the separation angle of attack for
SDBD/TED plasma actuator
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