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Effects of Tip Edge Shapes on Turbine Tip Clearance Flow Control

Using Ring-type Plasma Actuators

ABSTRACT
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Ring-type dielectric barrier discharge (DBD) plasma actuators have been developed to facilitate active control of
the tip leakage flow of a turbine rotor. For the fundamental experiments using flat plates with 1 mm tip clearance,
particle image velocimetry (PIV) was used to obtain velocity distributions near the plate tip region. In this study,
effects of tip shapes of the flat plate were examined using four plates with flat and flat edges (FF), flat and round edges
(FR), round and flat edges (RF), round and round edges (RR). The forcibly-induced tip leakage flow was decreased
by means of the plasma actuator flow control at constant input peak-to-peak voltage, 12.8 kV, and various frequencies
from 10 kHz to 16 kHz. The most effective tip shapes were the FF-type under the frequency of 14 kHz, and the RR-

type for the higher frequency of 16 kHz.
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Fig. 1 Ring-type plasma actuator
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Fig. 2 Measurement system for flat plate with tip clearance
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Fig. 4 Time-averaged velocity distributions near tip clearance exit of flat plate
at various plate edge shapes (no control)
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Fig. 6 Absolute velocity distributions near tip clearance
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Fig. 7 Time-averaged velocity distributions near tip clearance exit of flat plate
at various plate edge shapes (V,, =128 kV, f= 14 kHz)
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Fig. 9 Time-averaged velocity distributions near tip clearance exit of flat plate
at various plate edge shapes (V,, =128 kV, f= 16 kHz)

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



168 Vo IRTIXNTIF1I-26BVES-EVBFIORMVANFMICE LRIy U WROTE BAA I 2 —E X FR5E

7 1 1 1
i —e—— Baseline (no control, FF)
= Flat-Flat (FF) H
- Flat-Round (FR)
Round-Flat (RF)
Round-Round (RR) H

Effect of
plasma —
actuator

Vertical position z [mm]

o
|

8 10
Absolute velocity U [m/s]

Fig. 10 Absolute velocity distributions near tip clearance exit of
flat plate at x = 286 mm (V,, = 128 kV, £ = 16 kHz)

D E AT, T ELI > T b, FRIELRFET
1347 % RO IEA T, 14kHzD e & 1 D E9A R AW 5 o
IS DBROEHZ R TELET %o
4.2 BhRhOREERK

BI11IZ, x = 286mm T DSy A B 55 % F 50 L
THHLZZREAMENOWEZ O 5. MRV
Mg, AL 2 ZFFETHIEZ LOLEORETSH 5o
ANEBEI0kHZ Tld, FFE TR EDH20%184 5 %
B3, ABTIREERD RS S v, 14kHzE TR, &0
TEARTH B E oMM E & IR B WA T 5. FFE
B SRR <, 14kHz TIZIR R 280%A T %0 €
DABIE, RRIE TIE54%IKA, FRIE &L RFF Tid35%D %
YTh Do AWK 1I5kHZIZH 2 5 &, WML,
TIART 7 F 2z =PRI NE R S B RRD

x10-3

1 1 1 L 1

—O0— Flat-Flat (FF)
; - Flat-Round (FR)
Baseline Round-Flat (RF)

4 (no g'):r;trol, | —-— Round-Round (RR) ||

3 o —&q——--——--

SO

=

Mass flow rate of tip leakage m [kg/s]

1 —{ Effect of
plasma ~//\.lf
actuator -80% Fig. 9(d)
[ [Fig. 7(a)| -96%YY
0

10 1 12 13 14 15 16
Frequency f [kHz]

Fig. 11 Mass flow rates of tip leakage at various edge shapes of
flat plate at x = 28.6 mm

§5< % %o & SIZHERBAFH VW 16kHZz T O R IE, FF
BT L, FRIEERFETIIHIZ VR DIH L
RRIETIEKIEIZHIHA L (FE6%A), Whith %3
IR Z TV b,
FRIEERFIEIE, L ORI T it KRR R A
KoThs, TOEEF, ADOMEBOM OO
EI YA, Ao (FE) 1277 Ah$Ef L
THAZENEZ LN,

14kHz% B2 % LI AR 55 F 2B & L
T, MWEE—FOEDPEZ NS, — iRy — Ml
TIRART 7 F 2 —F OFMERATC, BE—E TR
Baedmses s, BEABD300kV/msZ 8 2 5T
T, EBEROT7I XA=auFRRE,rLA M) —<
RUREICBR L, HE SN LA IR T 5
ZEPMESNTVEY, RIFFETOELEV,, = 123kV,
JE MRS = 14kHz COEIE AR &2 #5355 & #350kV/
ms& 2D, FROLEIEWEZR DT, HEBLOE
LI & BIRNIEAURBR R OB L E 2 65N b,
16kHzO B W E T, FFE X D BRREDIZH BSH W
ARFEOSNBAHE LTI, HEE-—FBRAM)—<
RIS E D> 123510, AOH LKL D b LWIR
DI DI~ DOBREFZFHDO SN T, ZHIZLD
—BLHEBEZEONLIERELZOND,

5. ¥¢8
VY IRTS AT 7 F 2T —F TOEBBIRDOE

BERRRD 70, 4 HEOEMIZIREZ FO TR E Hw»

ThRIWENL (Fy 72075 Y AHN) 283 5%

BRa AT o720 P OBRE (1 mm) %#2khith

O, F10m/sICEELTe TIART 7 F 2T —
¥ OEINET V% 128k VI E L, W, % 10kHz
516kHz F TZAL & €720 PIVEHANC & 2 354 5,

FIE R DENIE 5T, TH9AIRT 7 F2T—FD

RN RS ED L H BT 52O L

720

(DR 72 Lo, REBROLmIZIRTIE, HOENDS
WA RITTHEID 0,

CRFNIE o AL E BRI oG ENIE, H CEIROEZH
BRI AAIHIBI R SR

()9 |2 f A3 AFFIE, W EAT14kHz & 1 HRw
WEIE, mbELmAEHRIRS R (14kHz T
NN D80%IRA) o

(4)T 95 25 ALWRRIZ &, 9 04516 kHzIC 7% % & #)2H
PEL D, Fhithz I Fsacmilici s (16
kHz CIRNLIE N AT96% 8D ) o

E i
AWFgeix, JSPSEHFZ: (FLAEaFs (B), 26289040)
DOBEIZ X Tz,

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



Vol.45 No.3 2017.5

Vo IRTIXNTIF1I-26BVES-EVBFIDRMVANFIMICS B LRIy Y HROZE 169

ZEXW

(1)

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.

Corke, T. C., Enloe, C. L., Wilkinson, S. P., “Dielectric
Barrier Discharge Plasma Actuators for Flow Control,”
Annual Review of Fluid Mechanics, Vol. 42 (2010), pp.
505-529.

Roth, J. R, Sherman, D. M., Wilkinson, S. P., “Boundary
Layer Flow Control with A One Atmosphere Uniform
Glow Discharge,” ATAA Paper, No. 98-0328 (1998).
WEES, ILHRE, alis, "YIAT s Faz—
¥ ORLBELWFEEN", ZA%h, Vol 29, No. 4 (2010),
pp. 243-250.

Sosa, R., Arnaud, E., Memin, E., Artana, G., “Study
of the Flow Induced by a Sliding Discharge,” IEEE
Transactions on Dielectrics and Electrical Insulation,
Vol. 16, Issue 2 (2009), pp. 305-311.

Matsuno, T., Fujita, N., Yamada, G., Kawazoe, H,,
Matsuno, S, Asaumi, N, Kouwa, J., “Vectored Jet Control
by Trielectrode Plasma Actuator for Turbomachinery,”
Proceedings of Asian Joint Conference on Propulsion and
Power, No. AJCPP2014-155 (2014).

McGowan, R., Corke, T. C, “Pulsed-DC Plasma Actuator
Characteristics and Application in Compressor Stall
Control,” ATAA Paper, No. 2016-0394 (2016).

Morphis, G., Bindon, J. P, “The Performance of a Low
Speed One and Half Stage Axial Turbine with Varying
Rotor Tip Clearance and Tip Gap Geometry,” ASME
Paper, No. 94-GT-481 (1994).

Sjolander, S. A., “Overview of Tip-Clearance Effects
in Axial Turbines,” von Karman Institute for Fluid
Dynamics, Lecture Series 1997-01, Secondary and Tip-
Clearance Flows in Axial Turbines (1997), pp. 1-29.
Matsunuma, T., “Effects of Reynolds Number and
Freestream Turbulence on Turbine Tip Clearance
Loss,” ASME Journal of Turbomachinery, Vol. 128, No.
1 (2006), pp. 166-177.

Van Ness II, D. K., Corke, T. C,, Morris, S. C., “Tip
Clearance Flow Visualization of a Turbine Blade
Cascade with Active and Passive Flow Control,”
ASME Paper, No. GT2008-50703 (2008).

)

De Giorgi, M. G., Pescini, E., Marra, F., Ficarella, A.,
“Experimental and Numerical Analysis of a Micro Plasma
Actuator for Active Flow Control in Turbomachinery,”
ASME Paper, No. GT2014-25337 (2014).

Saddoughi, S., Bennett, G., Boespflug, M., Puterbaugh,
S. L., Wadia, A. R, “Experimental Investigation of Tip
Clearance Flow in a Transonic Compressor with and
without Plasma Actuators,” ASME Paper, No. GT2014-
25294 (2014).

Matsunuma, T., Segawa, T. “Active Tip Clearance
Control for an Axial-flow Turbine Rotor Using Ring-
Type Plasma Actuators,” ASME Paper, No. GT2014-
26390 (2014).

WIRZSE, WIRE, VI RMTI5AT7 7 F 21—
ZIZ & B 5 — ¥ U RFOIRNTEAHIENIS [0 72 FAR LR
FEEREEERBNWE", HRAF A Y —¥ VER5E Vol
44, No.5 (2016), pp. 408-414.

Tallman J., Lakshminarayana, B., “Methods for
Desensitizing Tip Clearance Effects in Turbines,”
ASME Paper, No. 2001-GT-0482 (2001).

Tallman J. A.,, “A Computational Study of Tip
Desensitization in Axial Flow Turbines Part 1:
Baseline Turbine Computations and Comparisons with
Measurement,” ASME Paper, No. GT2004-53918 (2004).
Tallman J. A., “A Computational Study of Tip
Desensitization in Axial Flow Turbines Part 2: Turbine
Rotor Simulations with Modified Tip Shapes,” ASME
Paper, No. GT2004-53919 (2004).
NS, W T - L R -,
(2004), pp. 44-48.

Nishida, H., Nonomura, T., Abe, T. “Characterization
of Electrohydrodynamic Force on Dielectric-Barrier-

AL H R

Discharge Plasma Actuator Using Fluid Simulation,”
World Academy of Science, Engineering and
Technology, Vol. 6, No. 11 (2012), pp. 254-258.


http://www.tcpdf.org

