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Flat Plate Experiments and Consumed Power Measurements for Active Control of
Tip Clearance Flow of a Turbine Rotor Using Ring-type Plasma Actuators

ABSTRACT

MATSUNUMA Takayuki

T = T R

SEGAWA Takehiko

Innovative “ring-type” dielectric barrier discharge (DBD) plasma actuators have been developed to facilitate
active control of the tip leakage flow of turbomachinery. The ring-type plasma actuators consisted of metallic wires
coated with insulation material and embedded in a tip casing wall made of insulation material. In order to construct
a two-dimensional model of the tip leakage flow, a flat plate was inserted with a certain clearance to the rectangular
test section of a wind tunnel, and velocity distributions near the plate tip regions were analyzed by particle image
velocimetry (PIV). The forcibly-induced tip leakage flow was successfully dissipated by means of the plasma actuator
flow control at fixed peak-to-peak voltage, Vp-, = 12.8 kV, and various input frequencies from 8.6 kHz to 16 kHz. The
most effective frequency for the reduction of the tip leakage flow was 14 kHz. The evaluation of consumed power
was also carried out using V-Q Lissajous method. In the flat plate experiments, the consumed power for reducing tip
leakage flow with 10 m/s tip leakage flow was estimated to be 55 Watts.
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Fig. 1 Ring-type plasma actuator
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Fig. 2 Cross section of ring-type plasma actuator
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Fig. 3 Measurement system for flat plate with tip clearance
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(c) Flow control (Vp-p=12.8 kV, fp=8.6 kHz)

Fig. 4 Absolute velocity distributions near tip clearance exit of
flat plate at various DBD-PA input voltages (f, = 8.6 kHz)
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Fig. 5 Absolute velocity distributions near tip clearance exit
of flat plate at various DBD-PA input voltages (f, = 8.6
kHz) at x = 28,6 mm
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Fig. 6 Time-averaged velocity distributions near tip clearance exit of flat plate
at various DBD-PA input frequencies frequencies (Vpp = 12.8 kV)

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



412 VO TRTIARTIF1I-21L&B5-ELBRORVANGBICE G - FREBEBROEEENEE HAHXZ—E L FRE
0 L [ [
% n\\ } 1 Ring-type PA ‘I
i ' (Cpa) |
1 ~ _61>! ' A i C:; L 1 C'oe!
‘T -83% ' ! I Vol
TR ® (L
N f i Effect of i A !
plasma 1
_§ 3 actuator 1 IR S— ,
.g 4 ] I GND Rogowskii coil C, Vv,
o —e— Baseline @
g 4 —O— 8.6kHz [
© : —g— 10 kHz Fig. 8 Equivalent circuit for evaluation of power consumption
) / —0— 12kHz
> 5 s 14 kHz | ]
15 kHz
——p— 16 kHz
6 | I
0 2 4 6 8 10
) 8 8
Absolute velocity U [m/s] R Vea \
Fig. 7 Absolute velocity distributions near tip clearance exit of 6 6
flat plate at various DBD-PA input frequencies (Vpp = l\/’. {\ 4
128 kV) at x = 286 mm 4 IM I M 4
S —
X 2 V Vi V 2 2
< 7{2 D VC W é o E Vr S
RN OB EA4 kHzTRAIC 2 2Bl & L o 0 o
T, WMEE— FOZELNEZ SN 5. Nishida et al.i = AL o 8
Y= MUTIART I F AL F BT T AR S S
YIial—yarEFw, BE—E0bE T E -4 -4
IS, BIETS LAY AR (EAR) AV . -
dt = 300 kV/ms %312 75 A~ BN 0 FRBE, S
AN =< REIZER L, dvidt > 300 kV/msTidfE -8 -
BODAE— BT 2 = & 2 s LT B0, AR 0 199 190
2B B EIEIE R 9 1R T & ) 2 BBATREK CH Time t [us]
57280, Vpp = 128 kV, f, = 14 kHz® EIINEESA: TRE Fig. 9 Time series of voltages VPA and V;
WLZWE2LSEES LT ) AERL &S 5 &dvidt
~350 kV/ms & 72 V), Nishida et al OFER E Wil & 7% 5
7. o T, f, > 14 kHzTIIREBEN T 0 -85 5 2
M) =< TN L L7248, R oBIGI X b JEiuit x107

TR R A L 7= W B3 % 6
4.2 HEEHOFM
FBEAENY)THEEZFET -0 LEREIL,
V-QU H— T 2 ikE IV CEMIig A, BRI
AT A OHEAMEEE A2 H 8 IR T, MfEHETIA v ey —
EVEEmOBRICHER SN AFEEMA N TIHEI, B
MZEMMICE—HThrEELZbNLD, )y 7]
PADY; G A 22 AT PN T S 2 F RN Y
TIEOEAMMEE & ) R 50, T/ Fa1—54
R ERE A ECralZLCR A — % (Agilent, U1733C) 2 &
LA EHIT26 pFREETH 5 2 EDBHL NI -
7oo Flo, CoallHLTTHREVIT YT UH (C= 100
nF) ZHEAERL, 727 F 21— F KO M ETVea
BLUary 7y oOmELEV A2 MET %o Coall T ¥ —
VENLEM (Qea = CoaVea) ECIZF ¥ —TV ENLE
WEFELCTHE720 (Qr=CVe = Qea), X IITIRT Vea

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

Charge Qea [C]

Voltage Vpa [V]
Fig. 10 V-Q Lissajous figure



Vol.44 No.5 2016.9

VO GRTIARTIF1I-51LEB 8- L BRORNENHEICE T - PREARERCHBENATE 413

= 40

=3

& 30 f/ﬂ
C Measured /

s 20 Y s,

a Poc V35 ‘d#,;/

E 10 . Pe

£ ] [

e

S 0

83 7 8 9 0 11 12 13

Voltage V., [kV]

Fig. 11 Consumed power as a function of
input voltage for f, = 8.6 kHz
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