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Abstract: LNG cryogenic hoses are used for connecting floating structures to transport LNG efficiently and
continuously in the process of LNG deep—sea transportation and unloading. Making sure that cryogenic flexi-
ble hoses operate safely and reliably is crucial for the LNG mining system. The main application conditions
of LNG cryogenic hoses are ship—ship side—by—side (SBS) unloading, ship—ship tandem unloading, and ship—
shore refueling. The hydrodynamic analysis and calculation of LNG cryogenic hoses were carried out accord-
ing to these application conditions, and sensitivity analysis of the global layout parameters of the hoses was

performed. The LNG cryogenic hose with a diameter of 12 inches was used as the object of study. Consider-
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ing the combined effects of wind, wave and current marine environmental loads, the LNG cryogenic hose was
modeled and subjected to finite element calculations, hydrodynamic analysis and computational checks un-
der different application conditions based on Orcaflex software. The critical response was studied, and sensi-
tivity analysis was performed on the global configuration design parameters of the cryogenic hose and the lift-
ing speed. The results show that increasing the hose length and the distance between the connection points
leads to an increase in the curvature extreme value and a decrease in the tension extreme value for both tan-
dem and SBS unloading conditions. The lifting speed decreases the tension extreme value and increases the
curvature extreme value during ship—shore refueling condition. The study can provide a theoretical basis for
the design optimization of LNG cryogenic hoses and has reference significance for the configuration arrange-
ment of FLNG unloading systems.
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Fig.1 LNG unloading operation condition
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Fig.4 Side-by-side (SBS) unloading system
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Fig.5 Relative position change curve of each node distributed along the hose length (SBS condition)
R A0 WUAE T 10 7 2 5 T e I ot e 1 LA sl 28k o Rz it 3 R 5 B 25 SR AN 5] 6 i
7 W AR RN 4 s o BAIET 6 R U H < AR IS OB R 5K 1 R AR A4S T -5 FLING i 42 4 P i
A A B/ DN ) AR A8 A A I P AR A T A AR e T B AR T b RO B R ) (R AR
i A R AR i 23R e A A A T T T S 7 ) R i

=) )
e
S
o

)

LNG Effective Tension 4N , Static State

6 0.08
4 0.06
0.04
2 0.02
—
0 20 40 60 80 0 20 40 60 80
Arc Length 4n Arc Length 4n
(a) FASK TR (b) A fHh 0 iz
} Mini Maxi —Mean ‘ }—Minimum ~——Maximum —Mean ‘

=
=)
o

‘ml)

LNG Effective Tension/kN
[ - =)
LNG Curvature/(rad *m
o = o

= [y o
%

N
>

0 20 40 60 80 0 20 40 60 80
Arc Length /m Arc Length/m
(c) AR IR (d) Bl i A L

K6 JFSEEA 45 (h=40 m, =85 m)
Fig.6 Calculation results of SBS model (h=40 m, /=85 m)
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Tab.4 Calculation results of SBS case
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Fig.7 Schematic diagram of sensitivity analysis parameters for SBS unloading system
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Tab.5 Calculation results of SBS sensitivity analysis
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Fig.8 Sensitive analysis of the extreme response value of SBS condition
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Fig.10 Relative position change curve of each node distributed along the hose length (tandem condition)
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Tab.6 Calculation results of tandem case
- FRA TR AT IRK EIESYIR IR TN BT
] )y
5% F1/kN %/ (rad m™) 5 J1/kN %/ (rad m™)
y¢lE 10.00 0.19 15.34 0.35
2.3.2 RELEHVEL R G S E IR E T

% & R AR R GRS B SAL, RIS TR]IE A RS

[EE (75 m,80 m,85 m,90 m,95 m), % 10 ZH ¥ T .00 JT SR Sl /o Ar 45 SR L 7,

p )

j=— Jy —21

K12 HAEEUR R SR E T SRR K

Fig.12 Schematic diagram of sensitivity analysis parameters for tandem unloading system
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Tab.7 Calculation results of tandem global hydrodynamic analysis

Gt B K SRR (D3N PEREK IS N
kN &/ (rad m™) K J1/kN H>%/(rad-m™)
1 40 75 12.64 0.10 15.43 0.16
2 40 80 11.65 0.11 15.30 0.21
3 40 85 10.75 0.14 15.19 0.30
4 40 90 10.00 0.19 15.34 0.35
5 40 95 9.48 0.23 16.15 0.38
6 50 75 14.20 0.06 18.75 0.07
7 50 80 14.80 0.07 20.08 0.12
8 50 85 13.73 0.08 19.66 0.15
9 50 90 12.20 0.11 18.63 0.24
10 50 95 11.22 0.14 17.28 0.28
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Tab.8 Calculation results of install condition in shore—station filling system

PEFH L/ AR AR HIEN TN HIEN TN
(emes™) 3K J1/kN M/ (rad*m™) 7K F1/kN %/ (rad*m™)
1 2.06 0.14 2.49 0.24
2 2.06 0.14 2.46 0.31
3 2.06 0.14 2.40 0.41
4 2.06 0.14 2.37 0.44
5 2.06 0.14 2.36 0.45
6 2.06 0.14 2.35 0.45
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