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Film cooling enhancement by using upstream sand-dune-shaped ramp

ZHANG Shengchang', ZHANG Jingzhou'?, TAN Xiaoming'

(1. Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: Abstract: Single-row film holes were drilled on flat plates, and experimental
tests were performed to investigate the cylindrical-hole (CH) film cooling in the presence of
upstream sand-dune-shaped ramp (SDR) under four typical blowing ratios of 0.5, 1.0, 1.5
and 2. 0 using infrared thermometry method. A straight-wedge-shaped ramp (SWR) was a-
dopted for the comparison. At the same time, numerical simulations were also performed to
illustrate different roles of respective upstream ramps on the film cooling enhancement. Re-
sults showed that the presence of the upstream sand-dune-shaped ramp helped to generate an
additional pair of anti-kidney vortices. As a consequence, the SDR provided a more favorable
film cooling enhancement than the SWR. Under a small blowing ratio of 0.5, the area-aver-
aged adiabatic film cooling effectiveness in a specific zone (within 15 times of the hole diame-
ter downstream of the film hole) increased about 26% by SWR and 75% by SDR, with re-
spect to the baseline cylindrical-hole situation. Under a high blowing ratio of 1.5, the area-
averaged adiabatic film cooling effectiveness could be increased up to 100% and 150%, re-
spectively, by using SWR and SDR.
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