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Investigations of the Film Cooling Characteristics on the Wall Surface

with Dielectric Barrier Discharge-Vortex Generators Plasma Actuation
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Abstract: The effect of plasma actuation on the film cooling characteristics on the wall surface
with dielectric barrier discharge-vortex generators (DBD-VGs) was investigated numerically. The
near-wall flow patterns and film cooling effects on the wall surface were analyzed at different
dimensionless actuation strengths and frequencies. The influences of DBD-VGs plasma actuation
on the trajectories of coolant and high temperature mainstream were obtained. The results
indicated that the DBD-VGs plasma actuation is beneficial to the formation of anti-kidney vortex
pair near wall, thus suppressing the development of original counter-rotating kidney vortex pair
downstream of the cooling hole. With plasma actuation, the trend of coolant lifting off the wall is
weakened, resulting in enhanced film cooling effect on the wall surface. As the dimensionless

actuation strength increases from 20 to 50 and the actuation frequency from 0. 625 to 2.5, the
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coolant coverage area on the wall surface downstream of the cooling hole is enlarged gradually
along the lateral direction, and the overall film cooling effect on the wall surface is significantly
improved as well. As the dimensionless actuation strength increases from 0 to 40, the maximum
centerline and laterally averaged film cooling effectiveness on the wall surface is increased by 60 %
and 420% , respectively. However, as the dimensionless actuation frequency increases from 0 to
1. 25, the maximum centerline and laterally averaged film cooling effectiveness on the wall surface
is increased by 50% and 286.7%, respectively. Compared with the single dielectric barrier
discharge (SDBD) plasma actuation, higher laterally averaged film cooling effectiveness can be
achieved on the wall surface at the DBD-VGs plasma actuation with lower actuation parameters.
Besides, with the same actuation parameters, DBD-VGs plasma actuation has the effect of

increasing the coolant coverage on the wall surface farther downstream of the cooling hole along
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the lateral direction as compared with the SDBD actuation.

Keywords: film cooling; plasma; dielectric barrier discharge-vortex generator; actuation

strength; actuation frequency
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