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Mesh parameterization in reliability-based design optimization for
the life of turbine blade with film holes

LEI Jingyuw, LYU Zhenzhou, JIA Beixi
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; In order to meet the RBDO ( reliability-based design optimization) requirement for the life of turbine blade with film holes by
automatic programmed control, the local parameterization method was proposed on the basis of the unstructured mesh, which significantly reduces
the time costs of FEA ( finite element analysis). The turbine blade was separated into two regions: the parameterized region and the non-
parameterized region. After the meshes of the non-parameterized region and control points of the parameterized region were completed, only the
meshes of parameterized region were required to be reconstructed when the geometry of film holes was updated. Compared with the global
deformation method based on the structured mesh, the proposed method dramatically reduces the time costs of FEA while ensuring the accuracy of

finite element calculation, which highly improves the efficiency of RBDO.
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Fig.1 Geometric graph of turbine blade
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Fig.2 Region separation of turbine blade

il 2o

T S A R A AP IR A

1) AR UL I b 2 AR A AL, LU AL
[0 FE xz BEE 437 R IE T TE R H ol i, x il
2 7 ) 43 50 DR AE 5 T 19 253 PR AN K 1 5 1A
TE xz HEUE R B 28 SUBEAL I ) 4 v X8y 1
VA

2) 7E wz FEMETE LE K AL TR 1 IE B R 4530
WK
3IVEIEF A NN K B IE KL 5B A
LR INAE S AE R AE S B XSRS Bl A 1 0
e 3 fs .

[el B P2 2 Ak DX s
Je2 JAb XS PR R

SENRERSEWE R GRS E N T
|
!
SENRERSEWE R GRS E N T

[el B P2 2 Ak DX s
Je2 J A XS PR R

B3 St Pl s
Fig.3  Control points on the interface
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Fig.4 Blocks in non-parameterized region
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Fig.5 Meshes of non-parameterized region
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Tab.1 Quality check on non-parameterized region
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Fig.6  Schematic diagram of control points

moving with design parameters
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Fig.7 Schematic diagram of mesh deformation
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Tab.2 Jacobi check before and after deformation

LR IR
i R P ¢
i L/ % H/ %
. Wi s

(0.9,1] 2620 45.02 2 620 45.02

(0.8,0.9] 1595 27.41 1595 27.41

(0.7,0.8] 805 13.83 805 13.83
(0.6,0.7] 800 13.74 800 13.74
[0,0.6] 0 0.00 0 0.00
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Fig.8 Meshes of turbine blade
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Tab.3 Results of the structured mesh and the local parameterized mesh under the maximum working condition

POR R TEERSE LR(E BD/MPa AHRTIRZE/ % JAE X RE/ % WE/C xR %

964 141 6.62 h 774.078 7 0.011 6 863.215 3
68 719 42.85 s 0.001 8 742.667 3 4.06 0.011 4 1.72 862.360 1 <5
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Tab.4  Results of the structured mesh and the local parameterized mesh under the idling working condition

POR R TFERSE LRfE BD/MPa ARTIRZE/ % JLAE HIXRE/ % WE/C MR %

964 141 3.54 h 400.183 6 0.002 7 659.431 5
68 719 27.06 s 0.0021 390.057 4 2.53 0.002 7 0.00 661.110 7 <5
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Tab.5 Results of the structured mesh and the local parameterized mesh under the cruise working condition

POR R TFAERSE LR(E B/MPa AIRFIRZE/ % JAE HIXRE/ % WE/C MR %

964 141 2.89 h 575.344 2 0.004 0 672.810 3
68 719 27.10 s 0.002 6 559.693 4 2.72 0.003 9 2.50 671.102 9 <5
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Tab.6 Results of different number of meshes under the maximum working condition

RIR R TR FRME NJ/MPa AHRTIRZE/ % JAE X RE/ % WE/C xR %

39 974 32.21 0.143 4 734.098 6 5.09 0.008 3 28.45 862.049 5 <5
52 549 38.12 0.169 8 746.845 1 3.44 0.008 8 24.14 862.093 4 <5
68 719 42.85 0.190 8 742.667 3 3.98 0.011 4 1.72 862.360 1 <5
125 387 70.17 0.3125 737.7152 4.62 0.011 4 1.72 862.253 0 <5

207 270 224.56 773.453 1 0.011 6 862.132 6
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Tab.7 Results of different number of meshes under the idling working condition
MAgEce  HERE/s WE BJI/MPa AN 2/ % A% MXTRZE/ % WRE/C HXTRE/ %
39 974 18.75  0.1292 386.478 0 5.58 0.002 6 10. 34 661.120 6 <5
52 549 24.87  0.1714 399.642 0 2.36 0.002 7 6.90 661.115 8 <5
68 719 27.07  0.1865 390.057 4 4.70 0.002 7 6.90 661.110 7 <5
125 387 45.67  0.3147 389.600 6 4.81 0.002 7 6.90 661.103 9 <5
207 270 145.13 409.299 1 0.002 9 661.104 1
x8 BMRETARHEMEHITELER
Tab.8 Results of different number of meshes under the cruise working condition
MigdcE  IHERE/s WE BJ1/MPa AHXTIRZE/ % g AR AR RZE/ % WREE/C AR/ %
39 974 18.78  0.1259 552.761 4 6.28 0.003 8 7.32 671.826 7 <5
52 549 23.57  0.1580 572.9193 2.86 0.003 9 4.88 671.317 5 <5
68 719 27.10  0.1817 559.693 4 5.11 0.003 9 4.88 671.102 9 <5
125 387 44.79  0.3003 557.9505 5.40 0.004 0 2.44 671.162 4 <5
207 270 149. 15 589.817 0 0.004 1 672.059 1
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Tab.9 Mean values of uncertain variables associated with

working conditions
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Tab. 10 Mean values of uncertain variables associated with temperature

- by
AR
20 °C 500 C 600 °C 700 °C 800 °C 900 C 1 000 <C
) i 176.5 161.5 151.5 145.5 139.5 135.0 123.0
FPERS R E/GPa
4\ 127.0 112.5 108.5 104.5 102.0 97.0 89.0
i 0.26 0.27 0.27 0.29 0.29 0.30 0.31
NELVN =%
2 0.41 0.41 0.415 0.43 0.43 0.435 0.45
Fi 70.0 63.5 59.5 56.5 52.5 52.0 46.5
B Y& G/MPa
4 107.0 101.5 97.5 92.5 90.5 89.0 72.5
i 840 — — 775 785 665 420
Fﬂﬂlﬁﬁfi Uo_z/MPa
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Fig. 10 Flow chart of reliability-based design optimization for the life of turbine blade with film hole
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Tab. 11 Results of reliability-based design optimization
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