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Thermal-Structural Coupling Analysis and Stress Evaluation of a Large-Scale
Marine Liquid Hydrogen Spherical Tank
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(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Research
Institute of Carbon Neutrality, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract In response to the urgent demand for large-scale transoceanic transportation of liquid hydrogen, this study focuses on an 8 000 m?
Molten Salts Storage (MOSS) -type marine liquid hydrogen spherical tank for a thermal-structural multiphysics coupling analysis and
structural integrity assessment in liquid hydrogen temperature zone. A three-dimensional finite element model is developed, incorporating
a composite insulation layer of hollow glass microspheres (HGM) and a resilient blanket integrated with composite support components.
In accordance with International Maritime Organization (IMO) regulations, three typical navigation conditions—namely, the Equator,
International Gas Carrier code, and United States Coast Guard standards—are simulated. Thermodynamic calculations demonstrate
excellent insulation performance, yielding boil-off rates between 0. 123% and 0. 158% across all operating conditions, thereby satisfying
the design target (<0.2%). Mechanical analysis reveals that the thermal strain induced by the extreme cryogenic temperature (-253 °C)
dominates coupled deformation and leads to significant stress concentration at support joints. Using stress linearization in accordance with
ASME VIII-2 design-by-analysis standard, the local peak stress is effectively separated. The results show that the maximum combined
primary and secondary stress is 493. 6 MPa, which is below the allowable stress limit of 600 MPa. This study elucidates the multiphysics
coupled mechanical response characterisitcs of large-scale MOSS-type liquid-hydrogen spherical tanks under extreme operating
conditions, providing practical engineering references and technical insights for the structural design, insulation optimization, and safety
assessment of seaborne liquid-hydrogen storage and transportation equipment.
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linearization

TERETR A S RAF LS K 5 Uk H 228 AONE R ST, KRR W EL R ZIZ R 1k

WtE HH5:2026-05-12; #& 8] H #A:2026-06-02; 5% F B #3:2026-06-09 HERE: WAl




A R R B AN T FEAR M L5 R B PR BE R R, 412 i DA
R A AR A0 T R R Ny S BT RS R R A R e
TEFE o VR — Pl i BE R F i HE R R e TR 4
A, ZUREC RN 5 [ BB R SR 9 AZ 0 S 1 . i L B
AEVRE (IEA) T , 22 2030 4%, n] F-E RE VR 76 2 Bk
FIEEM R HOREE R 50% , %05 B AR 4 T
Ar AL I R T AR R e A AR IR E S B kR
W B AT B AR B SR AR AR E
A RA R R IR AR 2R 1 DG B A2

I E A BB S8 1T, 2024 E TR E A SR D
W3 650 11 t. h I HE 2060 4R B TP 5, BN A
SRR RS R, BT 205048, AT K
FiKE] 6 000 J7 t, FELuHHEIRAR R b FL 2928 10%.
SR, 0 RE 1 AR B b Ak R AT 32 BR T i i H R
PINEE. HHT, 3 s S AR 5 S A A K
ERASHE 2R S B S S RS LA
A TEARZ AR T AR A (LH) SR A L8 &
AR B AR B 5% FE A I . SRR R AR R i 4
Fb ik 860: 1, Ho i g i % B 29 M am i 2. 765 R
A3 FH T 328 480 i 45 v i AT R SR, T2 I R
B I S SRR B S M EE B AR T 5

BRI K IR S (liquefied natural gas, LNG) iz
CH A AR T Sk R 5 LR, 8 T S0 2 4
BT S8 R A Y B RREOE T At R
0 1T B R A v PR AR . R BB AR IR (2920 K)
BLNGALZ 90 K, T 3 s A i 4 LAl 2 70 BE i V2
BE , PR VR A A BRI R B
WAL, W S 78 RV A, H 78 %% %8 (boil off rate,
BOR) X iz 4 asf 2 19 28 U 1 HL A D Mg i), (i 7K
TR A7 R G 0T 5 8 gl B % G AR T 3
Ao X R BUIR IR A FE 1 I8 T1 2247l E N Ah 2
O TAH IR R . X T8 50 0 W Ak KSR A E
- R R A AR Bk FH T VAR SR RO 5 R
PR AR SR, VR AR AR A A A L = O
BRAFAE .35 KT LNG At i 422 ) VL FE B 32 L A & 7
WAL AE T 1A 5 S A3 U AT 5 788 b S e TR 1 A R
N 1. BHRT, A MRS FENE oY 2 R T4
TR RE B AR BEL T B O Ak 5 PR3 T AR A g 2 0 B0
T AR ARG T AR TR 1 | A 2k $2 fioh 10 B 5 & A it TR A
355 847 A G 1) R TR R AR - S5 MR G ) 2 AR L
PRAFFFE A5 AR X 5510

PR L, 2 B AR AR 8 B B
2022 4, PR 8 W A2 i Suiso Frontier” iF i A%,
Ty, HAE 3R 1250 m® H.45 2 OBURE fig 7 S 80 T IR F
0. 1% W H 7R FE" . WA T K%, R &
R 2 R

UEATAT I RS A0 R G AT AR 5. HoT,
faf 2% C-Job 28 7 L 45 HY i 4% 37 500 m® BRI G 14 ¥ &
P78 HAR g 2 T 52 8 1 2052 4t ik 160 000 m?
(FAHE 40 000 m?*) BB KRR Sas it Mtz
T B B R I A SR R S FE AT
AL /NS Bib2CHE A o T AT ST S ok g DL
FI4 R R TR 3 S BRI | R S IR i 1 Ak T 56 R AR T
WrB, F 258 %(0. 24%~0. 5% ) N AFA# H 5 [ B 2%
PEAK ST AR B 25 M) ik T 5 Ml R TR T R
R A

ARHFFE £ T 8 000 m* MOSS T ik S Bk , 51 %
0N P 1E7E - VA Y (AP AL B B i e i
H AR g S [E Br RS 2H 21 (International Maritime
Organization , IMO ) FLYE 5 M ARAA 4R , BEAEL 53 BT T
3FPHLAY AT TO0 T M AETEVERE . WP T AR T
TR BRI 1) T S 43 A LA N T 43 A R AE K
H# & R k.

1 KRB SR ST

1. 1 BREEY BRAR B B T8 TE

FEAR TRL R M A7 S5, BROE A B e 1 L LA
P, AR AT B AT S Ak HE B AT B 3 0 45 4 R 32 5
T ERE . BOE SR I R TR R RE )
HAEA R AT P04 fe/ YRR LE , RE %A 20t /b
HMFPARN  TEAE Sl 22 25 15 T AR 450 e Bk

EEXT 8 000 m* RII SUBRIE MR, &A% IR
BROTIEEETHE MR S A 7 58 N S A R
o BT AR ST T, v e kit S
B 1R

18000 m* HEFKFEIZITSE
Tab.1 Design parameters of 8 000 m® liquid hydrogen

spherical tank
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Tab.2 Storage tank simulation analysis operating

condition type
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Fig.1 Spherical tank geometry
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Tab.3 Thermal conductivity of fiberglass at different

temperatures
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Tab.4 Mechanical and physical performance parameters of

fiberglass reinforced plastic
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related materials
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Tab.6 Setting of mechanical load and constraint boundary
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Fig.3 Temperature field under three working conditions
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Tab.7 Heat leakage parameters of various structures of

liquid hydrogen spherical tanks under different operating

conditions
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Fig.4 Deformation without temperature load
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Fig.5 Stress without temperature load
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Fig.6 Temperature load deformation
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Fig.7 Temperature load stress
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Fig.8 Linearized stress path
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Tab.9 Stress verification result without temperature load
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Tab.10 Stress verification result with temperature load
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