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Abstract: To explore the effect of plasma actuation on tip leakage flow, ring-type dielectric
barrier discharge plasma model is proposed based on unsymmetrical electrodes dielectric barrier
discharge plasma model in this paper. Blade tip leakage flow characteristics on a gas turbine is
numerically studied with three plasma actuation voltage (9, 13, 17 kV) and three actuation
frequency (8, 10, 12 kHz) by implementing plasma actuation forces into the momentum
equations of Reynolds-averaged Navier-Stokes equations. The results show that the pressure
distribution has been changed in the tip clearance by ring-type plasma actuation. The mainstream
of pressure side is obstructed by strong vortex structure which is generated by plasma actuation in
tip clearance and both sides of the tip. The tip leakage flow is suppressed effectively. When the

actuation frequency is constant, the total pressure loss caused by the tip leakage flow decreases
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with the increase of the actuation voltage, but excessively high actuation voltage will cause

additional induced vortex loss. When the actuation voltage remains unchanged, the increase of

the actuation frequency has little effect on the high pressure region of the tip clearance and the

induced vortices on both sides of the tip are enhanced and the adjacent passage vortices are

squeezed. The area-average total pressure loss on 120% axial chord passage section is further

reduced. The actuation voltage of 13 kV and actuation frequency of 12 kHz has the lowest total

pressure loss coefficient on 120% axial chord passage section, which is 16. 12% lower than no

plasma actuation. The influence law of plasma actuation voltage and actuation frequency on the

tip flow characteristics and aerodynamic performance is clarified in this paper.

Keywords: turbine blade; plasma actuation; tip leakage flow; aerodynamic performance
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Fig. 1 Diagram of turbine cascade and plasma actuator
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Fig. 3 Numerical model of the ring-type DBD plasma

actuator
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Table 2 Computational parameters of the unsymmetrical

DBD plasma actuator
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different turbulence models
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