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Reliability based multidisciplinary design optimization of single
turbine stage based on parameterized mesh deformation

LI Lei', LI Honglin', YANG Zilong"*, SUN Shouyi',
YANG Weizhu', KANG Jialei!

(1. School of Mechanics, Civil Engineering and Architecture,
Northwestern Polytechnical University, Xi’an 710072, China;
2. Power Engineering Technology Department,
China Ship Research and Development Academy, Beijing 100101, China)

Abstract: On basis of free-form deformation method, a parameterized mesh deformation
to morph coordinately fluid analysis mesh and structure analysis mesh was proposed, and re-
liability-based multidisciplinary design optimization of single turbine stage with parameter-
ized mesh deformation was introduced. According to the extended feature of blade in span-
wise direction, the mesh deformation of 3D analysis mesh was translated to the mesh de-
formation of 2D cross section analysis mesh at different blade height. Control plane for 2D
cross section was designed on basis of topological structure of the 2D fluid analysis mesh.
The coordinates of blade profile control points were calculated by aerodynamic design param-
eters. The movements of other control points in 2D control plane were obtained according to

the movement of blade profile control points in order to improve the quality of the deformed
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mesh. The mesh deformation of 3D fluid analysis mesh could be carried out by the control

volume composed of 2D control planes at different blade heights. Structure analysis mesh

was morphed by using the same control volume for 3D fluid analysis mesh deformation in or-

der to obtain the coordinate mesh deformation on interface mesh. Reliability-based multidis-

ciplinary design optimization with proposed parameterized mesh deformation method was

used to optimize single turbine stage. Results showed that the efficiency was improved by

4.97% and the blade life was improved by 40. 86 % under satisfying the reliability constraint,

proving the effectiveness of the developed method.
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multidisciplinary design optimization; parameterized mesh deformation;

coordinate mesh deformation on interface grid; reliability; turbine
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Control volume design of analysis mesh of

blade flow field

Fig. 1
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Fig. 2 Design method of mean camber line
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Fig. 5 Comparison of 2D fluid analysis mesh between

before and after deformation
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after deformation
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Fig. 6 Mesh deformation of 2D flow field analysis

mesh and geometry model change
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Flow chart of reliability based multidisciplinary design optimization of single turbine stage based

on surrogate model
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of single turbine stage
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before and after optimization
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Table 6 Reliability based multidisciplinary design

optimization results of the single turbine stage
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Fig. 13 Mach number contour on cross section at

50% blade height before and after optimization
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