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Parametric modeling and multidisciplinary design
optimization for cooling turbine blade

YU Kuarha , (YUE Zhufeng

(School of Mechanics, Civil Engineering and Architecture, Northwestern
Polytechnical University,~Xi’an 710072, China)

Abstract A'\multidisciplinary desgn-optimization-system for gas turbine blade,which
involves structure ,aerodynamic ,heat tranger ,vibration and service life ,etc,has been devel-
oped ,serving the purpose of multidisciplinary desgn optimization of sngle-hole thin wall
cooling blade. A parametric modeling method was also proposed for sngle-hole thin wall
cooling blade. The blade surface geometry is defined by five-order polynomials,while 3-D
coupling analys s was made for aerodynamic and heat transer. The average temperature and
maximum temperature of blade volume were optimized ,with aerodynamic ,vibration and serv-
ice life as the constraints. A combined algorithm of annealing s mulation and SQP(Sequential
Quadratic Programming) was used to optimize the blade parameters. While the flow rate of
cooling air was kept unchanged ,the cooling effect wasimproved and the performance require-
ment on the blade material s was reduced.

Key words: aerogpace propulson system; cooling turbine blade; multidisciplinary de-
sign optimization (MDO) ; parametric modeling design; coupling analyss
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Table 1 Variation of heat conductivity and specific heat with perature ¢
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Fig.4 Trander of temperature data )
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Table2 List of optimized variables
/mm 0.320 0.500 0.250 0.401
/mm _0.460 0.600 0.300 0.552
3
Table 3 Lig of bounded variables
O max 572.1 600 — 560.9
/ MPa
4
Ks 38.3 — 10 30.9
%
5
Ks 32.9 — 10 23.76
! %
6
Ks 16.6 — 10 11.7
! %
N¢ 81156 — 36000 85 226
4

Table 4 Object function values before
and after optimization

/K 1164.591 1161.1505 3.4405
/K 1042.316 1 035.488 6.828
/ K 1286.866 1 286.813 0.053
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Fig.6 Temperature distribution of blade cascade

before and after optimization
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