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ABSTRACT

MATSUNUMA Takayuki
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SEGAWA Takehiko

Innovative “string-type” and “ring-type” dielectric barrier discharge (DBD) plasma actuators were used for the

active control of the tip leakage flow of a turbine blade. From annular turbine rotor experiments, it was confirmed

that the DBDs are generated in between the turbine rotor tip and casing wall and rotate with the motion of the turbine

rotor tip. In fundamental experiments using a single airfoil with tip clearance and a flat plate with tip clearance,

two-dimensional velocity distributions near the tip clearance region were measured by particle image velocimetry

(PIV). Tip clearance flow was reduced with an increase in the input voltage of the plasma actuator. In the flat plate

experiments, the tip clearance flow with a maximum velocity of approximately 6 m/s was successfully dissipated by

means of the plasma actuator flow control at the input of peak-to peak voltage 7.0 kV,., and frequency 8.6 kHz.

Keywords: 77 A~ 7 7 Fax—%, gFEAN) 7THCE, weEICARIME, RumRE, FHhiih, s—vr
Plasma actuator, DBD, Active flow control, Tip clearance, Tip leakage flow, Turbine

1. EC®HIC

TEAEMIEDL AL R > TWDLFEMAKNY) 7IHE
(DBD) 79 AR 727 Fax—%i%, X1DXJH ik
RERA BN CEHEOBEEEMA ST LITLD
BETINC T S X< 2384 84, RENIH - 2 & ik
THIENTED, WL WEIEEZ FE729, MG
o/ MR TH 5720, RIMCOGEEIHIH 731 2
ELTHEH SN TW A6,

—77, ¥—E U BN, HAY—E DT EEHERE
FELT, MBHEHY 2y P VY U REBHAT A
7= ICEMRETIAHICAHH EN TV E720, bTh
YR ETCHOE VAT AN T RS CTE D, b
2, ¥ —¥EVEFIOBELm, SET RN (5
TINT T AR X, BHUREEKTSELRES
FEHRD1>THAH-0, TNETIZELL ORI TH
nen IS X2 rTsFar—7EHWTRLENLEZ
ZHWMEDITDONTNDEY, TIAIT /7 Fax—F%
& — REEWICE I 20781, EH AL T oo % ]
T AHRGHERERIZEAETH 2720300 il TldEE
T A A% O E T LT O R 1L.75MW O 7 R T
DT 4 =) PRI T 5,

AT, 20Xk 2FEBRLICLYHBINL

JEAEs2fE 20154E 7 J16H
BBSET 20164 4 H26H
®* 1 ENWRZERTEREN BB S W TE T
A LAV F—HFFEER M
T305-8564 o < IFTiAEAL2-1

[0 MT S AT 7 Far—% | WOEMZEA LS
(Vo MT I AT s Far—%] #HVT, Fv7
)T T Y ATRNE T 5 EEEZIT) .

2. YUIJBMSFSAITYF1I—4
K3 EK4s, VIR TS AT 7 F 21— %Ok
EOMER EMEREZRT, ZOT77F2x—%13, N

Plasma
/

Electrodes Dielectric barrier
Insulator

AC voltage source

Fig. 1 Conventional “sheet-type” plasma actuator
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Fig. 2 Newly developed “string-type” plasma actuator
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Fig. 3 Ring-type plasma actuator
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Fig. 5 Test section of annular turbine wind tunnel
with ring-type plasma actuator

Fig. 4 Cross section of ring-type plasma actuator
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Fig. 6 Turbulence intensity distributions at rotor exit
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Fig. 7 Measurement system for airfoil
with tip clearance (x-y plane)
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Fig. 8 Plasma actuator and measurement planes
for airfoil experiment
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Fig. 9 Time-averaged flow near trailing edge of
airfoil, x-y plane (baseline, no control)
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Fig. 10 Time-averaged flow near trailing edge of
airfoil, x-y plane (plasma actuator on)
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Fig. 12 Time-averaged flow near trailing edge of
airfoil, s-z plane (baseline, no control)
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Fig. 17 Absolute velocity distributions near tip
clearance exit of flat plate at various input
voltages (blower 450 rpm,
velocity of tip leakage flow Vrzr = 6 m/s)
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Fig. 18 Absolute velocity distributions near tip
clearance exit of flat plate at various input
voltages (blower 675 rpm,
velocity of tip leakage flow Ve =7 m/s)
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