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Numerical Simulation on Improving Film Cooling Effectiveness with
Crescent-shaped Block & Plasma Actuator Structure

Zhao Zichen, He Liming, Zhang Qian, Xiao Yang, Dai Shengji

(College of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038, China)

Abstract: The method that the plasma actuator used to improve film cooling effectiveness has been preliminarily
researched in recent years, while the improvement remains limited at the present stage. The crescent-shaped
block & plasma actuator structure is put forward. With CFD method, flow field characteristics, temperature
characteristics and cooling effectiveness are analyzed for two different film cooling structures: the common cir-
cle-hole, and the crescent-shaped block and plasma actuator film cooling structure. The results show that in cir-
cle-hole film cooling structure, counter-rotating vortex pair(CRVP), which lifted the cooling flow and entrain
the hot flow, is formed, therefore the cooling effectiveness is the lowest, In the plasma actuator structures and
crescent-shaped block structures, anti-CRVP, which restrained the scale and strength of CRVP, is formed.
Compared to that with common circle-hole cooling structure, the film cooling effectiveness is improved a lot
both in lateral and streamwise. In the crescent-shaped block & plasma actuator structure, the anti-CRVP
reached its maximum, therefore significantly improving cooling effectiveness in the area between the holes and
generating the best cooling performance,
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Fig. 1 Geometric structure of computational domain
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Fig. 2 Geometric structure of crescent-shaped block
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Fig.3 Calculation mesh of the cooling structure
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Fig. 6 Distribution of cooling flow path line
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Fig. 7 Velocity field and temperature field contours
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Fig.9 Distribution of spanwise average effectiveness
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