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Abstract: To enhance understanding of the role different cascade profiling techniques play in im-
proving turbine cascade performance within the combined design space, a knowledge mining
framework is proposed. This framework integrates data mining information through the analysis
of variance-based global sensitivity analysis method and employs visualization techniques like par-
allel axis, histogram and scatterplot. By using this framework., knowledge mining of the non-axi-
symmetric endwall/blade combined parameterization design space of a low aspect ratio cascade is
conducted. It reveals that the aerodynamic loss of the cascade is highly influenced by the section
profiling. The reduction in loss achieved through the implementation of a non-axisymmetric end-
wall is comparable to that of section profiling. However, it is observed that the performance vari-

ations among different samples of non-axisymmetric endwall are relatively small, leading to the
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underestimation of its significance by the global sensitivity analysis method. Furthermore, it is
found that utilizing only a bending curved blade is unlikely to yield a reduction in cascade loss.
However, by combining blade bending, section profiling and non-axisymmetric endwall, it is pos-
sible to achieve a performance gain that exceeds the sum of the individual contributions (“1+1-+
1>>3”). Within the combined design space of non-axisymmetric endwall/blade parameterization,
it is observed that a cascade with low aerodynamic loss can be achieved by adjusting the section
profile towards an after-loading style and incorporating a non-axisymmetric endwall with deep
concave near the throat and negatively bending blade as well. In conclusion, this research has
successfully elucidated the characteristics of optimized solutions within the end-wall/blade joint
forming design, offering reference for the design optimization of similar low aspect ratio cascades.
The above findings have effectively clarified the characteristics of the optimized solutions within
the endwall/blade combined design space, offering guidance for the design optimization of similar
low aspect ratio cascades.

Keywords: turbine cascade with low aspect ratio; non-axisymmetric endwall/blade combined

design; data mining
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Table 1 Geometric parameters of the turbine cascade with a

low aspect ratio
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Fig. 8 Analysis of superposition effect of different

modeling methods
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Fig. 9 The distributions of static pressure and limiting stre-
amlines at blade surface and pitch-averaged total pres-
sure coefficient along the span as well of typical cas-

cade designs
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Fig. 10 Geometric feature analysis of the optimized solutions

based on parallel axis
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Fig. 11 Geometric feature analysis of sectional profiling
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