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Multi-disciplinary aer o-dynamic-ther mal-structure design
optimization for turbine blade

YAN GJurrjie, WANG Rong-giao , FAN Jiang, SHEN Xiurli

(School of-Jet Propulsion,
Beijing University of Aeronauticsand Astronautics, Beijing 100191, China)

Abstract : Desgn of turbine blades is a typical multi-disciplinary issue on aero-dynamic
analysis; thermal analysis and structure design optimization, aimed at ensuring the accuracy
of the result and the computing efficiency. Approximate models could s mplify data manage-
ment , improve calculation efficiency and ensure the engineering precison by controlling the
number and quality of sample. A framework on multi-disciplinary desgn optimization for
turbine blades;which makes use of some professonal toolsin the areas, isproposed by ana
lyzing the design process and the data trander relations. By comparing the optimizations u-
sing the Kriging model and accurate analysisfor aturbine blade, it shows that the result for
approximate model sis acceptable in engineering and the efficiency is higher. Furthermore, it
a0 showsthat the framework isfeasble.

Key words: turbine blade; aero-dynamic-thermal-structure; approximate models;
Kriging model ; multi-disciplinary design optimization (MDO)

(multi-disciplinary design optimi-
zation ,MDO) :

[2]

:2009-03-03; :2009-08-03
(1404-003F) ; (NCET-07-0042)
(1978-), , , . Email ;junjiey @gp. buaa. edu. cn



25

618
[37] 2
1
[311] 2 1
, ) N umeca
. AutoBlade
Kriging . , Auto Grid
Kriging ; Fine/ Turbo ,
, Numeca
1) (design of experiments,
DOE) , ; ,
; 22 -
2) 1
3) , [12] .
, Ansys , Anr
sys APDL (ansys parameter design lan-
) , , guage) ;
(CFD)

CHD ,

Ansys



3 - 619
. Wy 24T ik aPIRE)
—{( MAEEEn el Lt ”";!—”%fﬁ’*i”
( =smsmtice ) AR
. : - SR
iS4 RiE b S
T BE A
S 7
T My
UL E 3 A
TR :
i 2
( saars EBSs
-] ———- /g E T P —— :
|
I |
] ! e Ay :
RS o el == i
=
LIRS TR Ny, RAR Rapit-s
AL WSS Z 2R T
WSS A
®
1
Fig.1 Flow-chart of MDO of the turbine blade
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Table 1 Design parameters o the turbine rotor Y,
Y2Ys D:,D2,Ds N
m (kg/ 9 59. 98 , ,
P, / kPa 250. 0 2
P/ kPa 155. 0 X={y1,Y2,Ys, Dz, D2, Ds, N}
To / K 940. 0 K403,
n/ (r/ min) 4700. 0 1273 K
1173 K

T<1173 K.
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2
Table 2 Intervalsand optimization results of the design variables
( ) ( )
D1/ mm 450 50. 00 50. 0254 49. 4366 55 0
D2/ mm 35 85 37. 735 36 68 36 1683 39. 624
Ds/ mm 24. 1965 25 47 24. 960887 25 4133 26. 7435
Y/ (°) -42 24 - 40. 232 - 40. 2069 - 40. 0300 - 38 22
Y2l (°) - 45 9348 - 45 48 - 45 906956 - 45 2498 - 45 0252
Yl (°) - 50. 689 - 50. 187 - 50. 744 - 50 1687 - 49. 685
N/ 72 80 78 80 88
E % 94.17 94,92 94.70
M/ kg 0. 5317 0 5305 0. 5031
F 1 0437 1 0417 1 0231
75 %00 1 , 0 <662M Pa. 2. ,
, 94. 17 %
59. 5kg/ s< m<60. 5kg/s. 94. 92 %, 0. 796 %,
, 0. 531-7kg 0. 530 5 kg,
:T<1173 K0 £662M Pa;59. 5kg/ s€m<60. 5 0. 225 %, 80 78,
kol s. 2 72%,
, 35 , 26 ,
, , 87h, 2 (™M)
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Fig.2 Convergent history of the objective function using approximate approach
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Fig.3 Convergent history of the objective function using accurate analyss
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Comparison of the relative tota pressure
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Fig.5 Sressfiddof the optima turbine blade(unit :M Pa)
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