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Abstract: To explore the enhancement mechanism of non-axisymmetric endwall design on both
endwall sealing coolant and discrete-hole film cooling effectiveness, a full-endwall non-axisymmetric
contouring method based on periodic non uniform rational B-spline surfaces is proposed, overcoming
geometric constraints in traditional approaches for the upstream region of cascade leading edges. A
numerical simulation model of turbine cascades incorporating endwall slots and discrete film
cooling holes is established and validated against experimental data. Using endwall-averaged film
cooling effectiveness as the objective function, a global optimization algorithm based on Kriging
surrogate modeling is employed for endwall design optimization. Simulation results indicate that,
compared to the original axisymmetric endwall, the average film cooling efficiency of the non-

axisymmetric endwall increases by 9. 36 %, 10.68% , and 14, 76 % at three different blowing ratios,
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while the total pressure loss coefficient at the cascade exit remains largely unchanged. The non-

axisymmetric endwall design not only alters the pressure distribution in the end region but also

significantly reduces the static pressure near the blade leading edge and the lateral pressure

gradient at the inlet position of the cascade channel. This allows the cooling jet to achieve a

broader film coverage area near the blade leading edge and channel inlet, while also weakening the

lateral secondary flow in the end region. thus suppressing its entrainment effect on the cooling jet

and enhancing the film coverage on the endwall near the pressure side of the blade. This research

provides theoretical foundations and technical references for cooling protection of modern turbine

endwalls under high thermal-mechanical loads.

Keywords: non-axisymmetric endwall; design optimization; discrete film holes; film cooling;

blowing ratio
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Fig. 2 Schematic diagram of test model
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Fig. 3 Schematic diagram of unstructured grid
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Fig. 4 Distribution of endwall 7 for different turbulence models
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