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Abstract: By solving the RANS equations coupled with plasma actuation forces, the influence of
single dielectric barrier discharge (SDBD) plasma actuation on film cooling effect at plain surface
was numerically investigated. With the experiment data, the reliabilities of linearized plasma
force model and numerical methods were validated. Under six different dimensionless actuation
strengths, five different dimensionless actuation frequencies and three blowing ratios, the film
cooling effects on plain wall surface were predicted. The computed film cooling effectiveness
distributions and flow structures near the film cooled surface with SDBD plasma actuation were
compared with the cases without plasma actuation. The numerical results show that compared

with the case without SDBD actuator, the film cooling effect on plain wall surface is significantly
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enhanced. With SDBD plasma actuation, the development of counter-rotating kidney vortex pair
downstream the cooling hole is suppressed, resulting in a larger near-wall streamwise velocity
gradient, higher peak value of near-wall streamwise velocity, and wider coolant coverage along

As the

dimensionless actuation strength increases from 40 to 140, the film cooling effect on plain wall

both spanwise and streamwise directions, than the case without plasma actuation.

surface is improved significantly. As the dimensionless actuation strength is equal to 100, the
maximum centerline and laterally averaged film cooling effectiveness are increased by 105% and
200% respectively, compared with the case without plasma actuation. As the dimensionless
actuation frequency increases from 1.25 to 6.25, the film cooling effectiveness on plain wall
surface is kept increasing. When the dimensionless actuation frequency is equal to 3. 75, the
maximum centerline and laterally averaged film cooling effectiveness on plain wall surface are
higher than the case without plasma actuation by 75% and 100% respectively. As the blowing
ratio increases, the film cooling effect on plain wall surface is decreased correspondingly. As
blowing ratio increases from 0.5 to 1.0, the maximum centerline and laterally averaged film
cooling effectiveness on plain wall surface are decreased by 23. 9% and 49. 2% , respectively.

Keywords: film cooling; plasma; single dielectric barrier discharge; actuation strength; actuation

frequency; blowing ratio
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