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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

211072

A TIEEV A — VoORBER (BZE 30mm)
T FART 7 FaL—F 2RET L0, LITHI%ES
EHE L CHEMBHMBEHONS WETHLIELE R D,
ARECIIBENEHEERE 2 L B0 Z25H0 L
ZOWBERNRT T2, FRoMEED LI, AR
BOBBIANRETLSIART 7 F 2L —% 2%
RMMELTze SOFETFIZOWT, FTIART 7 F21—%
BREH SRS & AHETITERE DB A AT L, R AR RR 1S
55N B EHRREICOWTHRAERICOVWTHIRT,
2.2 ERENE

TED7 S5 A7 7 F 2L —4%OREIEEMEZX
210RF. BBIES 3772 yaryatl—%
(Agilent 33220A) 12X W AR I NE5 2 B WIERS
BIOEERICL DG - AEL, RMESELEE 72,
F7:, DCEMICIISEEBERBIRIC X o TEE I N
FEOERBEREZ AL 72,

23 FISAYTIF1I—4BEOHDBITERR
INEI ZRICEBET~NEH R LR TED Y 7 XA~ T 7
FaT—F %Gt BEL, FoMURERALL . KB
BTIE, TIART 7 F 22— OWRBIZER I NS IE
WO E L FINC X )Gl L7z MO S1L, Wit
ODREHELTCTIART 7 Faz—FFZFITMb 5
WNABEEEGRL, ChaiEe Lz, K3 I1CERE
B O % 7R3, eI o KRR (B E8EdT
AUW320) #Hw, 75X 77 Fa—%i2Mb5b

NI T2 L TRIFICHME NS BUIRT X912,

IR 2HEBHEL, oo slET S LT

Jet (induced flow)

r
|

—1

Thrust (force)
Lab balance

(a) Horizontal thrust measurement

Thrust (force)

T Force

=5 &1

Jet (induced flow) —

Lab balance
(b) Vertical thrust measurement

Fig. 3 Schematics of thrust measurement system
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Fig. 6 Setup of the time-resolved PIV measurement
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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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