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Kriging model based multidisciplinary
design optimization for turbine blade

HAN Yongzhi', GAO Hang shan', LI Lrzhou’, YUE Zhwfeng'

(1 School of Mechanics Civil-Engineering and A rchitecture,
Northwestern Polytechnical University, Xi~an 710072, China)
(2 School-of Aviation, Northwestern Polytechnical-Umniversity, Xi an 710072, China)

Abstract: \ It presented a'\Kriging modelbased multidisciplinary design optimization
(MDO) framework for\turbine blade, ~The approximation model, Kriging model, was re-
viewed and discussed systematically. Interdisciplinary coupling was considered by using
loosely-coupled method. Based on multidisciplinary coupling analysis, the multidisciplinary
feasible (M DF) method and Kriging model-based M DO method were founded respectively
and compared subsequently. The results of optimizing a true blade show that the latter
method can converge to the optimum fast and no precision lost obviously. And the overall
blade performance improved remarkably demonstrates the efficiency and applicability of the

proposed M DO framew ork.
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Table 1 Comparisons of two methods between the initial and final optimized design

MDF Kriging
t 0. 9233 0. 9449 2. 34% 0. 9453 2. 38%
t 0. 7655 0. 7745 1. 18% 0. 7755 1.31%
/K 984. 62 1000 985. 48 983. 00
/MPa 103. 95 120 104. 25 100. 33
/ mm 0. 5161 0.6 0. 5188 0. 5168
279h/ 42min 88h/14min
0.778 0.9265
0.776 F | 0.9260
0.774 + W 09255
.| g 0.9250
3 = 0.9245
03 0.770 7 0.9240
0.768 0.9235
0.766 0.9230
0764530 ""20 60 80 100 09225 a0 60 R0 100
BT BATIRE
6 Kriging 7 Kriging
Fig.6 Searching processes of kriging based Fig.7 Searching processes of kriging based
optimization for total pressure ratio optimizat ion, for efficiency
’ M
["1._SimpsonT W, Mauery T M, Korte J J, et al. Comparison of
response surface and kriging models for multidisciplinary
[ X — design optimization[ R]. ATA A- 98 4755.
: 1 ? Krlgmg [2] Kodiyalam S. Evaluation of methods for multidisciplinary
’ ” design optimization ( MDO), Phase I [ R]. NASA CR
P 1998-208716.

s [ 3] JunS,Jeon Y H, Lee D H. Application of collaborative op
timization using response surface methodology to an air
craft wing design[ C] /I 10th AIAA/ISSMO Multidisciplr
nary Analysis and Optimization Conference. AIAA 2004
4442, 30 August- 1 Septem ber 2004.

Kriging [4] Chung H S, Alonso J J. M ultiobjective optimization using
approxim ation modet based genetic algorithms[ C] /I 10th
ATIAA/ISSMO Multidisciplinary Analysis and Optim iza
tion Conference 3. ATA A 2004-4325, 30 August - 1 Septenr
o ’ ber 2004.
Kriging (5] 7 ' .
? ,2000,28 (11):912.
Kriging FENG Jin, FU Daliang. New design method of turbine
( blad e shape of turbodrill[ J]. China Petroleum Machinery,
) , 2000, 28( 11): 9-12.
[6] ) )

, Kriging

[J]. ,2005,20(5) : 795 801.
WU Ligiang, YIN Zeyong, CAT Xianxin. MDO technology
applied to the aeroengine turbine blade design[J]. Journal
of Aerospace Power, 2005, 20(5) : 795 801.



