38 % A1 BRI R ST Vol.38, No.1
2025 42 H Gas Turbine Experiment and Research Feb., 2025 87

SHE SRS ERIVEN
LR IT AR

BET? % A2 Blkgk?
(1. PEAC T R2: sh i SREEABE, PE%¢ 7101292, H i A& DU RS IR FSEFE 6, AR 610500)

N

S

o E. EWRESHWIEL B ETN, ST WS 5 S LS MR B2 5 (R R AR A A R A R ST 5T M i B4
N SRR TE 2 [ AF R TR ERR A S5 M TUA R o Ay [RIERH J 5 A5 45 4 iR B R A i A iR 3 B3R 1 ) S B JRE S 25 g
B AR a5 A R AR SH IR T 2 BARE AT 2k BT, IR X IE AR 4540 i % 1 TUAR T TR -3 a8ng
FRFRIMUET R . SRR SE WY R BRI WS I O BUS DAL B 4 )R FRARTE | DA R A I S B
Je HB B JR A I ; B 2 45 4 T 25 A R ROSE SCEA  IE AR  19) A JR A X AR TR 4 R e R IR AR A5 4 TR A
fb; it Z2 ARl , BB KA TE 5 AR 26% , o 0T 1t PR 43 % ; 5 2 it ML AR , B AR AE SV A 45 R 8 T8 T L
TR RA823% , ST FEAR4 7% , T S W84 Gt (1) I AR X A% 0 S i AP AE B R DAk e 25 [l .

KEEIR . ST ARG s ERE G s 2 BARIAL I ML s s & Zhbil

hESES . V2319 XRRFRIZAS . A XERS . 1672-2620(2025)01-0087-14

DOI ; 10.3724/j.GTER.20250006

Optimization design of serpentine nozzle and load transfer
structure of rear fuselage web plate

XUE Dingwei" 2, HUANG Sheng'" 2, LIAO Hualin®

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China; 2. AECC
Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The web plate structure of the serpentine nozzle exhibits good stiffness and low stress
concentration, making it a typical connection form between the nozzle and the rear fuselage. However, the layout
and size design of the web plate are deeply coupled with the thermal stress and deformation of the nozzle,
leading to significant structural redundancy. To simultaneously meet the requirements of nozzle structural
strength and lightweight design, a multi-objective optimization design method was studied for the layout and size
of the web plate-type reinforcement structure with equal wall thickness in the serpentine nozzle, and a
topological optimization research was also conducted under aerothermal loads to address the force transfer
redundancy of the web plate structure. The results show that the deformation of the serpentine nozzle mainly
manifests as global upward deformation at the lip of the nozzle exit section and local thermal warping at the rear
of the nozzle convergence section. The variation in the axial layout position of the web plate has a greater
impact on the deformation than the change in the structural thickness of the web plate. After multi-objective
optimization, the maximum deformation of the structure is reduced by 26%, and the total weight of the
structure is reduced by 43%. After topological optimization, the stress level of the web plate is reduced by
23%, and the total weight of the structure is reduced by 47%. This indicates that there is significant
optimization design space for the traditional web plate-type reinforcement structure in serpentine nozzles.
Key words: serpentine nozzle; web plate structure; thermal-mechanical coupling; multi-objective
optimization; topology optimization; aero-engine
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Fig.1 Low detectability design criteria of the serpentine nozzle
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Fig.2 Geometry model of the serpentine nozzle
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Fig.4 Deformation contours of the serpentine nozzle
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Fig.5 Geometry model of the web plate-type reinforcement
structure in the serpentine nozzle
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Fig.6 Parametric model of the web plate structure

in the serpentine nozzle

i R 1) AR ER T R 2 2R SRR AN T S A A
ZH5R8M. LIRS EABTRR] FHANSY S
[0 2800 3 ARt Solidworks# 4+ 5: A Workbench
FE TS EAUIIHR I E S EE

3 ZBAAItE

B A, AR 3 A 1) S 2 A 3 A T A LR
AT R BRI R AT, L R N SR AR IR
iy B 7755 6T 5 K6 e g () 500
3.1 ZHWEER

T L A RS XTI S T A IS 2
AH I Aor 5 ) B AT ER A5 1F T, B ek
A R T A BTS2 47 #0085
SUAH N T 7 5 FRLRG Z HT I R4S 20 19 1R ) 247
1 A 1 AR U454 T (K17) , & st 80E
B RAS 2 I 2L 25

&1

| l

RS S 421 ——
L AT B L EEZ

}

K7 HE S 25

Fig.7 One-way coupling system
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Table 1 Material parameters
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Fig.8 Finite element model of the web plate

structure in the serpentine nozzle

FIFFluentf A4 A TEUELT T3 . Jorp A8 R
101 325 Pa, PREGIR B 288 K W8 A 1ok T ) itk
5955 A 1.66, HE O EGR R 845.7 K 4 4
RSO FE TR L .64 UE ORI A351 K,
AR TR A ], W AERE TR N O RS A AR
BETRT . T35 A i s O ) SR S 3R 1
i3, S AK JCOCHESRUE , TR Y A% £k
TV o TR B RS 3 A An 9T o

AR R ST WL U AR AR A LAY IR
J10 A, For A VR R AT PR AR A I i 1Vl 1) ]
BR0.12 m¥AIHEAG , N0 /R . SEE T4 A BETH (1Y)
TREEG KR S E s . IR S8 nT kA 7
PRSP B DRGSR B A T E5 B Wi
BE TR 1 9 8 - T 45 K 0 1 23 AT AR A A



S 13 P T YRS . SEWE 5 Jn ML AR U T 5 L A TS 91

UREARRE
ivapidn|

P ' a JES)

U ) abr AN . B

K9 THE RIS Kot 520
Fig.9 Computational grid and boundary condition
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Fig.10 Static temperature and pressure counters of cross sections inside the serpentine nozzle
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Fig.11 Static temperature and pressure counters of the inner wall of the serpentine nozzle
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Table 2 Parameters of the finite element model
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Fig.12 Temperature, deformation and stress contours of the web plate structure in the serpentine nozzle
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Table 3 Comparison of finite element calculation results
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Table 4 Sample space of first-round layout parameters

W/mm W,/mm W/mm W,/mm
MY R ARG B KRR 7 DL R 44 S B A ok T 150 350 550 750
% PR 550 A A1 7 T J 52 0 o T, 66 T T e LR 230 450 60 830
*®5 —RARSEHMMIL
Table 5 Optimization result of first-round layout parameters
W,/mm Wy/mm W,/mm W,/mm I RAEI fmm AXF R/ %
et s 220.00 396.00 650.00 763.00 0.96 0.00
BEIE A, 220.00 396.00 650.00 763.00 1.71 78.89
AR 155.00 390.00 622.00 772.00 1.00 0.00
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Table 6 Sample space of second-round layout parameters
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Fig.15 Convergence criteria of first-round

multi-objective genetic algorithm
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Fig.17 Convergence criteria of first-round design variables
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Table 7 Optimization results of second-round layout parameters

R A

W/mm W, /mm Wy/mm W,/mm AWmm %

fofksi 151.00  388.00 624.00 771.00 0.92 0.00
WAFA 15100 388.00 624.00 771.00 0.96 423

R8RSR A ]

Table 8 Sample space of thickness parameters

Z,~Z,/mm D,~Ds/mm
THR 0.50 0.50
R 1.50 1.50

4.5 ZBERMRULERTEE
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Fig.18 Convergence criteria of second-round

multi-objective genetic algorithm
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Table 9 Optimization result of thickness parameters Table 10 Optimization result verification
Z/mm  Z/mm D,~D,mm D,mm D,DgJmm RS mm ABTEAIA R 2% BB /kg B AR 2E/%
(RIS 0.94 0.50 0.50 0.87 0.50 R 1.00 0 15.25 0
BUE s 0.94 0.50 0.50 0.87 0.50 Loglia=y 0.99 0.7 15.25 0
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Fig.21 Multi-objective optimization model of the web plate
structure in the serpentine nozzle
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Fig.22 Deformation/stress contours of the web plate structure
in the serpentine nozzle after optimizing
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Table 11 Comparison of parameters before and after

optimization
ZH WS Z Hirth S HuH

W,/mm 200.00 151.04
W,/mm 400.00 387.79
W,/mm 600.00 624.43
W,/mm 800.00 770.54
Z,/mm 2.00 0.94
Z,/mm 2.00 0.50

D /mm 2.00 0.50
D,/mm 2.00 0.50

D y/mm 2.00 0.87
D,/mm 2.00 0.50
Dy/mm 2.00 0.50
AR F1/MPa 389.42 531.32
I RAETE /mm 135 0.99
ST kg 26.81 15.25
JEAR T kg 16.88 5.32
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Fig.23 Topology optimization model
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Fig.24 Various structural schemes of the web plate structure in the serpentine nozzle
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Table 12 Performance comparison of structural schemes

S8 Z B s ML E
KN F1/MPa 531.32 408.85
KA fmm 0.99 1.65

B /kg 15.25 14.32
T ik kg 5.32 439
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Fig.25 Deformation/stress contours of various structural schemes
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