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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
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