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Numerical simulation of tensile mechanical behavior of LNG cryogenic helical
corrugated tube

CHENG Hao'”’, LI Fangqiu'?, LI Xinxin'>, FAN Minglong'>, LU Hailong’, YIN Xu’, YAN Jun’
(1. CNOOC Gas & Power Group, Research & Development Center, Beijing 100028, China;
2. CNOOC Key Laboratory of Liquefied Natural Gas and Low-Carbon Technology, Beijing 100028, China;
3. School of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: By taking into account the nonlinear factors of the cryogenic material and the structural geometric nonlinearities, a three-
dimensional shell finite element model of the liquefied natural gas (LNG) cryogenic helical corrugated tube was constructed based on
the parametric model. The influence of three axial cross-sectional parameters, namely wave height, wavelength, and thickness, on the
tensile properties of the cryogenic helical corrugated tube was simulated and analyzed. The variation laws of stress distribution, strain
characteristics, and tensile stiffness of the cryogenic helical corrugated tube under different parameters were discussed. The simulation
results show that the axial cross-sectional parameters significantly affect the tensile properties of the cryogenic helical corrugated tube.
As the wave height increases, both the axial stress and strain values increase, while the tensile stiffness decreases; as the wavelength
increases, both the tensile stiffness and stress increase; as the thickness increases, the tensile load and tensile stiffness that the
cryogenic helical corrugated tube can withstand both increase.

Key words: LNG;cryogenic helical corrugated tube; tensile property; numerical simulation

RARFNE — s 20 IO ARBRAR L , T AR AE 2 BRBE RS 44 i i LUl Rp g KT IR R PR A I AR
NIRRT RGP O I # Z — , 34 T3 UL R AR AR 7 Wi -15 a i i 22 1) P 7 2 S 9 A R R
A T BRI AR I A O AR R Y R SRR SR M T R A E R IR R R I
B AR g 2 R 22 oy L N A —— (R R B SO (LR TP B 88 ) MR B, AR, B X U 7
PR T RS PERERT S i 22 | R B A sp e 4 M ) 157 3 AR o3 A D7 T, AN [RIIF 5 O i S R )™ 32
B T BUE ek A APk e SR T R B g b

EE£WA. 74 ARF-I 4 T 50 H (2023-BSBA-052)

TEERN . BR(1985—) , B BTN, B+, FZNFRATIR L RLEIF, E-mail ; chenghao2@ cnooc. com. cn

BIESEE. AE(1978—) , 5, #U% 1, FENFIE R, E-mail ; yanjun@ dlut. edu. ¢n

SRR BE T8, 2K, S5 AL R SRR RN S B 7 2247 A EUE AN T ] i R A2 ( B AR IR) ,2025,53(5) -
170-176.
CHENG Hao, LI Fangqiu, LI Xinxin, et al. Numerical simulation of tensile mechanical behavior of LNG cryogenic helical corrugated tube
[J]. Journal of Hohai University( Natural Sciences) ,2025,53(5) ;170-176.



55 e 55 BRI SURIRIRGE U SUE 1274 BB AL 171

A2 AV AE Solidworks S FHE. T BT TR SR B = 4E A BROGELRL, IRl it ANSYS #E1 A BROGA
By, A58 T MBI SUE TARIRES T A SR 5T e T AR S 80T MUI8 TE 3 808 (N 1 40 A, 0F 9T
TEEFBHO R SR, B U I SO R R AR T AR P R A R D S i 1 M2
RE I EA K R TARITTEITE T U IRESUE R #MEGE 1, 85 R R EENIEER T U B ESUE
il M BE ST B R 7 AR R LR R . Bardi VRS TR A LS R P R AR R I SO 2R Y
PRI N, AT TR R ST AR B R (PR ) T R (TR ) X5 B X AR SR T 2 M RE B R e B AR
Yan ZE M T I SUE LU S AR AR 59 72U SR T Il S I | Ik I A X A A M Y R R
FUEE, 28] A 5 RN R SR AT ) TRz 3l DA IREEfar 2% AV FH , 78 T 25 42 Ak I S04 25 7R 32 il
PR I A KSR SRR R BT (AR 2 e i e TR & A T B AR L, AL KR A
— P Ty K Ty KR AR, FE AL i 0 e R v U A R, TR S 1B B v, IR G5 A e b g 2 M Be RS o DA
RELE URIERSUE IR a7, IR B, B SUE BRI 2 XER . — 5 T, 7 om T00 T, Qi IR
IRBE RN TR SR, B SO 1Y 1 R AR AL & 2%, B B A 78 X6 LA A o (PR IR 2% 4 F I M RE PR AT AN 65 4
1 ME LU AR e 4598 47 o — D i 6 TR 8O T LA S 5006 L ) 4 8 0 LA i B i R A IR A RS
AT, REEER B BofE LU HETL AL S5

R rE FIREARXE, AR SO T 3T SRR A R AR S S0 = AR iR BT Y 25 A 5 TR
IRIRAT BHEL M AN 254 T LT AR M 2R, RGEAEST 1l 1) 48 10 S 80008 1 D AR JEE B T S8 A BB 152
MR , Al T 45 S HO hr A B2 R RE i SO, mT R i 808 A Ak i HR IS5

1 HYERRTEE
WA RITARGE H 45 U IR COBR QI R Y X 3 @ R WAU 1T 2 TOLAMT 5 X
PERESBRAT LLAMT 35 th U BB AUE MM AL KA SRR M AT 1 PO 2 45 4 0 S P R R B . DR

ARSCHEH U I B S A WFFERS G, B R T Al 1) 480 S O R A PR BE RO SE MR 1 1 e SO LA A AR
ERIUTSRAARINEAE R, AR R, IRER P AURIEMAE 60,

(v

VT o

-
A |
%
S :
1
i r :
g .
1 T 1
! 1
1
1 R, :
! 1
! 1
! 1
! 1
! 1
1
1
1
N

_____________________

1 R EJLARE
Fig.1 Geometric model of corrugated tube
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