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' Abstract

In this paper, we developed an automatic design optimization system for parametric shape
optimization of cooling passages inside axial turbine blades. A parallel three-dimensional thermoelasticity
finite element analysis code from an open source system was used to perform automatic thermal and
stress analysis of different blade configuration. The developed code was connected to an evolutionary
optimizer and built in a design optimization system. Using the optimization system, 279 feasible and
optimal solutions were searched. It is provided not only one best solution of the searched solutions, but
also information of variation, structure and correlation of the 279 solutions in function, variable, and
real design spaces. To explore design information, it is proposed a new interpretation approach based
on evolutionary clustering and principal component analysis. The interpretation approach might be
applicable to the increasing demands in the general area of design optimization.
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allowed
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Table 1 Design variable bound

Parameter | Lower Bound Upper Bound
r 0.25mm 0.8mm
X; 1.0mm 2.75mm
Vi (i-1) / nholes i / nholes
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Table 2 Constraints used for the passages design

Maximum allowable temperature,
800.0C
Tanow -
Blade heat conduction coefficient, k | 7.0W/mT
Minimum passage radius, Imi 0.5mm
Blade axial chord length 50.0mm
Minimum allowable distance between
0.1mm
passages

Table 3 Parameters for initially 30-passage optimi-

zation
Coolant bulk temperature, Tc 300.0C
Coolant convection heat transfer 2.
. 1000W/m”C
coefficient, hc
Hot gas bulk temperature, 73 3000C
Hot gas convection heat transfer )
. 100W/m"C
coefficient, /s

Fig. 4 View of a surface mesh
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