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Structural design and optimization for the deformation
approaching to hot pofile of a swept fan blade
with smaller hub-to-tip ratio

WANG Yan-rong'?, HUANG Zhong-shan', FU Zhi-zhong', SHI Liang'

(1. \School of Energy and Power Engineering,
Beijing University of\ Aeronautics and Astronautics, Beijing 100191, China;

2. Collaborative \Innovation\Center-for Advanced Aero-Engine, Beijing 100191, China)

Abstract: An iferative method was proposed for determining the cold blade profile from
a hot blade profile based on the aerodynamic design. The method was applied to the design
optimization of the gravity center tilting of a rotor blade. The optimization was based on the
hot profile and the stress calculation on the cold profile. In that way, it could reduce the in-
fluence on the aerodynamic performance. A multi-objective optimization procedure of the
gravity center tilting based on the commercial package iISIGHT was established by proposing
a method of automatically updating the finite element mesh in the determination of cold blade
profile. The effect of the disk on the optimization of gravity center tilting of a blade was in-
vestigated by referencing a swept fan blade with smaller hub-to-tip ratio. The results show
that the maximum values of stress and deformation of a rotor blade are respectively decreased

by 10. 6% and 46 % by the proposed method for a given hot profile from the aerodynamic design.

Key words: swept fan blade; smaller hub-to-tip ratio; cold/hot profile;

gravity center tilting; structural multi-objective optimization
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P 3 4t T A I R 5 0 5 R 6 5 0
TR P o 5 L9 g S 0 R 0 VA L 20
19 g 485 R BELE A 0 0 O R 8 034 2
IR B0 % 75 O TELAE B0 ) AT ) £
IR AT IR (0 7 BT 4 0 765 0 6025 0



2308 it = 3

VAR N

9530 %

B3 B i TR B A 2 i TSR A 45 R
Fig. 3 Results of hot-to-cold profile calculation
J& B R T 5 B A I A A S, SR T A i AR
A SR A TE W Y

3 EERATREMLETE

WA AT I, AR SCAY S8R Y O A S T AE R
ST 45 Y PGS I B BE A 1 2R R T I O
0 R B 2k RIS XoF R I 2R ) i A A )
B AEAR ) B o7 B BT AR AL AN 4 s, IXRE T
LUAE 3 i 7 3l e 16 52 W i 1) d5e /8-

Rk

i L2k

K4 BRI RER

Fig. 4 Diagram of gravity center tilting

o B i RV A28 1o A i 5 A8 A LD R AT 2
Ko Ak B8 Sy O B A A T rb i O R Bl A
P e BOH rh 38 23 ik 0 U T I ] A4 5 AR AR i
AR A [a] A FR A - 28 gl T ) 5% v L, LR i Y
TR 14 7 A 0 2o 9 ) e 9 722 A (LA 3.

SRV HRA A TR R LR
B R B8 R 7 4 D 3R B R L Von M-
ses WLy (5 /alAgs ) B2 730 48 35 48 B 5 it 69722
A 2 W75 75 A B R 2 — b AR AIE B T
TG E AN S5 0 s i R B R AR kT 32 %

PRI B A R IO M L AR S PR 7 oK R
I A W SR B R AR Y B AR 8] R
HoAth PR R AE Ny 454

Z LI Von Mises b Ji MR 8 17E R
Ak E AR R 11, it e B2 o 9 00 Ak 1) AT 334

min F(max(6), max(u.))
0, <0, <0 (k=1.,2,3,,p)
s.t.x{|f,—f|

BN DL REARR it F ) 5% K Von Mises [ J7 42 %
RAEmAL AR R Hbr ek 0 Kb 6, 00 RoRE O
MM E TR, £ RoR A BYHT s B A R,
f R F AT RE SR AL R 2 25 K TR
—EfH.

AT ISIGHT AR M A6 . 45 G A IR
JUFEJT ANSYS (%45 #4945 Bt D1 ag , AT LA 5 91 B 4
AT AL B3, AL ANSYS 1B APDL & 5 .
AT DA SN A BR ST AL B gl 4 58, O i
Brah RALISIGHT #4773 trAb 3. 75 iSIGHT
MR8 DAk 1 o B B2 8, B8 APDL SO,
TEJG 6 H s ANSYS $iuf7 3 % J5 19 APDL
SCA L SR B R A 0y A B Ak A BT AR Wi 5
7.

>Z (l:152v37"'75)

Hq

FIR IS S A R

l

o BRI S
BT R TR

'

SRR RS RS Y

!

R AR, L ‘

Ry AviE | RS 2
PemL 28 }
‘ FAISIGHTHEF TR Ab 40T ‘

{5 BRI O A AR

Fig. 5 Flow chart of gravity center

tilting optimization



10 8

FHE SR A TGS R B /N B L R R S M RE BT S A 2309

4 MAE TG

BB 1 BTN Y S A I 5 45 R A SRy S B B 1) g
AT BRI 40 M B S i A T Y
A OIS B 8 I (1ML O N A 3 o T - N VA
A 534 MPa, o7 F 35 o T 5.

i F1/MPa
0.472643

59.8
119
178
238
297
356
416
475
534

(a) MH7F

(b) 4k
B 6 HRAHET R S5 A

Fig. 6 Stress distribution before optimization

4.1 AEEREBNHAFEERATMR

AL G i E g RmE 7 i, g5 R EWH KK
Von Mises i /1 &K 3] 400 MPa, i F i AR 5.

Iif 3/MPa
8.44
5.19
0.54
139
182
226
269
313
356
400

(a) ¥
7 R AR LIS B ) oA

Fig. 7 Stress distribution after optimization without

(b) 4%

taking disk into account

R AR R AR R I R B i
() 45 S 5 A3 fF 2k R B Y pE Ak i o A
GO B4 A L 3 AT A BRJT 43 B . 13 Bl e K Von
Mises . /] 47 531 MPa, {7 F it %58 , WKl 8 7
AL 2 ) SEBR I A R B L e KN ) 1 43 A
A7 8 K R N g oy A A B0 5 ek 5 i Ak g R
AN

7 A O T R D DR R I R AR S 2 A A
[ o Jr 43 A0 SR e 0 it Sk T R I A A R AR A
T AF O T 5 AR AL IR S [ F LB R A 2 R,
W A I 2% R R 2% 32 85 0 JIAE R AR m LS 2R T
AR S BRI X 285 4 17 T 43 A A RS R, 30T Y
R B A 45 S O AN s e S B o BRI T A 200 7E B
PE AT PR BT R A A i AR

W 71/MPa
0.470983
594
1118
177
236
295
354

W 413
o 472
531

(a) M3 (b) M4k
K8 AR AR L AL 5 B A1 23 A B ik

Fig. 8 Examination of stress distribution after

optimization without taking disk into account

4.2 EZERENHEEEMRMLIEHT

TE I 55 25 04 19— A Fd XA A |- 9 5 B8, H
Pl L BT Ak B bR S R SCRE ) R A it
TG FR X BR s 2% 2 - AR R AR 15 2098 At &
FIIE 6k Lt fin 28 A< 8 0 s 0 g JE A% B0 R 4y
A, Qs 9 fes . AT LAE - fe & 1 i K Von Mi-
ses W JJ M\ 534 MPa F& ik 2] 477 MPa, &% T
10. 6 % . [ Bt e K AR ) 7 S N 1. 19 mm FEARE] T
0. 64 mm, FFAK 46 %0, A CHL B T R S A S A8
TEAR DL 7525 P84S 8 1 1% B0 T 1Ak 1) 25 51 5 fin L
EaE

TR R AL T HK Von Mises
N IIAE R AR AR E B i 2 0 42 [0 52 8% . Von Mises
I 3 AT B E] 469 MPa, {H A% ] {57 B 2 5 ) 1. 34
mm , I 3X A fE J6 250 L TR ok, R, B
U BT v Db 25 4 T 2% R S A Y X 45 A BT



2310 fit =

9530 %

I 11/MPa
0.469707

I 535

106

159

I 212
265

318

371
424

i 477

(b) %%

(a) M7
K9 iR m oAb s v oA

Fig. 9 Stress distribution after optimization with

taking disk into account

S £ 5 TR R LA S 4 A A DA 0 I8 0 Ak
THRCR B FRE L n] fE 2 ™ E A S . (A 2R
S5 KSR B2 3 A N AR AL B b, EAR T
SRIT AT RE 2 25 S8 B T8 B X S5 4 7 A B R I
IR LU Bee I U5 A B A R /9 H AR A/
B AR AR I AP W T A A A i i P AR
ISR ZR AR AL 25 2R A LA A, LA £
PEALZE R 255 i L.

5 & it

AR SRR T — ik F A e B %8 25 AR ik
FRAFE ST D s 1 FL RO i e B I Ak
TErb, B v A M2 R T L AR R R A
LRI it 2R Sy B O Y 9 SRR R AT LR R R
SRR B B R SR I IS AL R T 4R
14 I 5 235 0 S 800 @R 5 1 X [) — AN i i A i
T 400 53— UK I s B T LAt I 8 11 B Yl
Jfid i ISIGHT AT 65 5280 T 58 58 i i 4k
Wit ASCRAGI R IR A S S R ik
MESEES A E N RS SR T b e
P 5 BEPE . S50 b AR SO A S R Ak T vkt ]
DA 20 A M Sk 00 A% =8 i b AR X T
18 G 1) B A PR B O 1 AR SCAE T vk e R
TR O A B A v R L TT AT R
RSB i 2R A FA S - A,

fE BT iSIGHT & B W H s ik F .
SCAE S IR T AR A R R T AR TR R AR 2 T4
PR A BIPEb b, 5 iR T 4% 40 S R v LB R
LN S FR AR R R Bk Al CFD 51 A4
T L5 A AR S R AR S 2 T A L R S
S — R &AL, IR TE TR SR 3/

JE B 5 A5 R R A — MR fe i it
Bif

R SC AR I Y R FL AR T ) A b s
ALK KRB IR 5 3 ) TR 2 e A o R SR 4R
Pl X R BRI TS 245 T 148 5 5 3
HIE NIV

CESY ¥

L1 SRIERK AR IET, R 5 A8, w5 G ar KU i 70 2k 9 9 X6 it

Jr o R A Bl 1k BE B0 R e a3 BT LT &S 2E 4R, 2006, 27
(3):380-385.
ZHANG Zhenggiu,ZOU Zhengping, LIU Baojie. Influence
of gravity center modification on structural strength and
aerodynamic performance of blade in high load fan blade
design[J]. Acta Aeronoutica et Astronautica Sinica, 2006,
27(3):380-385. (in Chinese)

2] JHIES: AL/ WU R B8t /& i+ et 58 8L R G

BRI W28 5 452008, 29627725 7-266.
ZHOU Zhenggui. Current situations and key' techniques of
automatic aerodynamic desigh of {compréssor/fan blades
[J]eActa Aeronoutica ét Astronautica Sinica,2008,29(2) ;
257-266. Cin-Chinese)

[\3] Benini E. Three-dimensional multi-objective design optimi-
zationof a transonic compressor rotor[ ] ]. Journal of Pro-
pulsion and. Power,2004,20(3) :559-565.

4] Jang C M, Sanfad A, Kim K Y. Optimal design of swept,
leaned and skewed blades in a transonic axial compressor
[R]. ASME Paper GT2006-90384,2006.

[5] Samad A,Kim K Y,Lee K S. Multi objective optimization
of a turbomachinery blade using NSGA- Il [C] // Proceed-
ings of FEDSM2007 5th Joint ASME/JSME Fluids Engi-
neering Conference. California USA: American Society of
Mechanical Engineers,2007:885-891.

[ 6] Benini E,Biollo R. Aerodynamics of swept and leaned tran-
sonic compressor-rotors| ] ]. Applied Energy, 2007, 84 (10):
1012-1027.

L77 RICHEL. Wiz R348 & S AL Bt (M. dbat st
23R I AL, 1988.

[8] i &RMBITFM)B&mEE. s kLRI T0.
55 18 W MR RS AL B Rl A (M. JE Rt iz Tk
J At 2001,

L9 EBkAy, BRAESC. Bk I8 1 6 XU e SOFL A3l P i A i

R BT[], s K S AL, 2000, 26 (1) 6-11.
WANG Yongmei, CHEN Baoshi. The effect of the modifi-
cation of gravity center eccentricity on aerodynamic per-
formance and structural strength of fan/compressor[]].
Aeroengine, 2000,26(1) :6-11. (in Chinese)

[10]  EZHr ARFF, BV, A BT R AE A9 ML 45 4 153t
[J7. Wizs % 3h#L,2004,30(2) :5-9.

WANG Ronggiao, LIN Dan, FAN Jiang, et al. Feature
based structure design of compressor blades [ J]. Aero-

engine, 2004,30(2) :5-9. (in Chinese)



e e 5 M RE BT 5 1

2311

%10 M TR AT FE F IS A N F
[11] FwRE.EFH RS A28 ARoER S EE

[12]

[13]

[14]

A BT ], U2 3 15441, 2011, 26 (11) : 2450-2458.
WANG Zhenpei, WANG Dan,ZHU Jihong,et al. Paramet-
rical FE modeling of blade and design optimization of its
gravity center eccentricity[ ] . Journal of Aerospace Pow-
er,2011,26(11):2450-2458. (in Chinese)
THREE, ERE R & ik A R e @ S B R
B R BT &L, MU 3 . 2011,49(6) :15-18.
WANG Zhenpei, WANG Dan, YANG Jungang, et al. De-
velopment of system for finite element modeling and offset
optimization of aero-engine blade[]]. Machinery, 2011, 49
(6):15-18. (in Chinese)

FEE R LN e g Rt ). s
B J1241,2012,27(8) : 1855-1860.

GUO Xuelian, LI Lin. Design method for improving aero-
dynamic damping of compressor blades[ J]. Journal of Aer-
ospace Power,2012,27(8) :1855-1860. (in Chinese)
A Bl L R S 25 R 0RO AR — R AR T O
(1] fess 8 J1 2 42, 2013, 28(10) : 2235-2239.

[15]

[16]

[17]

[18]

YU Xueran, LU Shan. Integrative design method of blisk
considering structure strength and resonant vibration a-
voidance[ ] ]. Journal of Aerospace Power,2013,28(10);
2235-2239. (in Chinese)

Moroz L, Govoruschenko Y,Romanenko L, et al. Methods
andtools for multidisciplinary optimization of axial turbine
stages with relatively long blades[ R]. ASME Paper GT
2004-50039,2004.

Xu C, Amano R. Aerodynamic and structure considerations
in centrifugal compressor design: blade lean effects[ R].
ASME Paper GT2012-68207,2004.

PSRN 7 O b L (DR R e g AR
B T2 41 ,2013,49(5) : 147-153.

ZHENG Yun, WANG Biao, YANG Hui. Numerical study
on blade un-running design of a transonic fan[J]. Journal
of Mechanical Engineering,2013,49(5) :147-153. (in Chinese)
Mahajan A J,Stefko G L. An iterative multidisciplinary a-
nalysis for rotor blade shape determination[ R]. AIAA 93-
2085,1993.

(4.t )



