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Abstract: To improve the local control capability of non-axisymmetric endwall contouring
parameters in aerodynamically sensitive regions without increasing design degrees of freedom, a
sensitivity analysis-based parameter selection and optimization method is proposed. A first-stage
turbine of a gas turbine engine is investigated. SHAP (SHapley Additive exPlanations) -based
sensitivity analysis identifies that the endwall control lines near the cascade exit have a significant
impact on stage total-to-total efficiency and secondary flows. Based on this finding, a
parameterization model with non-uniformly distributed control points is developed for aerodynamic
optimization of the non-axisymmetric endwall contouring. With the same optimization algorithm and

identical numbers of performance evaluations, the optimized designs using non-uniform and uniform
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control point distributions improve the stage total-to-total efficiency by 0.094% and 0.053%,

respectively. Further analysis indicates that the proposed sensitivity-guided parameterization enhances

the regulation capability in aerodynamically sensitive regions. The efficiency improvement is achieved

by reducing the transverse pressure gradient in the downstream passage, weakening the passage

vortex and its interaction with the boundary layer.

Keywords: turbine aerodynamic design optimization;

sensitivity analysis method
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Fig. 20 Differences in surface static pressure coefficient at

10% stator span
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