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Investigation on the Effect of Upstream Step Geometry on Endwall

Film Cooling Characteristics of a Transonic Turbine Cascade
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(1. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;

2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100191, China)

Abstract: To evaluate the influences of the upstream step geometry on the endwall film cooling
performance of the upstream double-row film holes, the commercial CFD software ANSYS
FLUENT was used to predict the endwall film cooling efficiency. The endwall thermal load
distribution, film cooling efficiency distribution and the secondary flow field were calculated and
analyzed for four different upstream step heights (AH =0, 3, 6.78, 10 mm) at the practical
design condition of an industrial gas turbine with the blowing ratio yBRZZ. 5, inlet turbulence T,
=16%, exit Mach number Ma,, = 0. 85, exit Reynolds number Re., = 1.5 X 10° by using the
numerical method based on two types of thermal boundaries. Results show that flow filed near
endwall is significantly influenced by the upstream step geometry due to the complex vortex

structure such as the large cavity vortex downstream of the step, which obviously changes the
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endwall thermal load and film cooling distribution. As the upstream step height is increased, the

complex vortexes located downstream of the step are significantly enhanced, resulting in a series

of striped high heat transfer regions located at the upstream of the cascade passage. Due to the

influence of the upstream step geometry, the endwall film cooling efficiency first increases and

then decreases with the increase of step height, and the endwall obtains the best film cooling

coverage when the step height is 6. 78 mm. When the upstream step height is 10 mm, the coolant

jet is confined to the triangle region near the vane suction side, which results in an obvious

decrease in the film cooling efficiency compared with the case of AH=0 mm.

Keywords: upstream step geometry; double-row discrete film cooling hole; endwall heat

transfer; film cooling
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