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Abstract; To optimize the electrode configuration of the plasma aerodynamic actuator, by keeping the
exicition intensity unchanged (voltage of 16 kV and frequency of 14 kHz), the numerical simulation
method was used to compare and analyze the effects of three kinds of stripe, wave, and rectangular-
shaped actuator electrode configurations on the plate film cooling characteristics at blowing ratios of 0.4,
0.7, 1.0 and 1. 3. The results indicate that on the vertical interface at the boundary line of bare elec-
trode and buried electrode, the distributions of electrical potential and electrohydrodynamic volume forces
generated by three electrode configurations of plasma aerodynamic actuator exhibit similarities. However,

in terms of quiescent air flow field, the stripe-shaped actuator solely induces flow, without generating any
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pair vortex structures in the spanwise direction of the flow field. In contrast, both the rectangular-shaped
and wave-shaped actuators are capable of inducing flow in both the streamwise and spanwise directions.
Significantly, the rectangular-shaped actuator forms a vortex pair structure characterized by smaller core
spacing and larger size in the spanwise direction of the flow field. Compared with the typical film cooling
flow field, the stripe-shaped actuator only exerts a downstream induction effect on the kidney-shaped vor-
tex pair in the streamwise direction, resulting in the worst improvement in the film cooling effect. The
other two types of electrodes induce the formation of anti-counter rotating vortex pairs on both sides of the
spanwise film cooling flow field, which suppresses the development of kidney-shaped vortex pairs and sig-
nificantly enhances the film cooling effect. For improving the cooling effectiveness, the percentage of film
cooling effectiveness enhancement with three electrode configurations of plasma actuator decreases with
the increase of blowing ratios. At a blowing ratio of 0.4, the average film cooling effectiveness are in-
creased by 5.52% , 42.56% and 92.47% when stripe, wave and rectangular-shaped electrode configu-
rations are employed, respectively.

Key words: plasma aerodynamic actuation, film cooling effectiveness, electrode configuration, blowing
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Fig. 1 Physical models of film cooling calculation
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Fig. 11 Laterally averaged film cooling effectiveness

distributions with different electrode configurations

at different blowing ratios
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Fig. 12 Local lateral film cooling effectiveness
distributions with different electrode configurations
at different blowing ratios
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aerodynamic actuator with different electrode
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