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Study on the Characteristics of Impact Loads of Liquid Sloshing

under Large Amplitude Rolling Excitation
GONG Chen, ZOU Changfang, FU Zhenhang, YANG Jie
(School of Ocean Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: A large LNG (liquefied natural gas) vessel may cause intense slamming loads during
non-full load operation, posing a threat to structural safety. This paper presents a numerical sim-
ulation-based study on the saturated nonlinear relationship between sloshing pressure and exter-
nal excitation under large roll excitations. The paper utilizes the CFD code FLUENT based on
the finite volume method to solve the governing equations. The dynamic mesh technique is em-
ployed to drive the motion of the liquid cargo and the Volume of Fluid (VOF) method is utilized
to track the nonlinear motion of the free surface. Numerical predictions are made for the charac-
teristic sloshing pressure and free surface waveforms under typical loading conditions and large
roll excitations. The numerical results demonstrate that there is a sudden increase for impact
sloshing pressure as the roll excitation increases in the range of small and moderate excitations.
The impact sloshing pressure ceases to increase and exhibits a saturation phenomenon when the

rolling angle surpasses a certain threshold. The free surface also exhibits nonlinear characteris-
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tics, where the relationship between the liquid surface amplitude and excitation amplitude is no

longer proportional, but rather displays complex response patterns. For a liquid tank subjected to

large roll excitations, the sloshing impact pressure decreases as the filling rate increases.

Key words: sloshing impact pressure; large amplitude rolling excitation; pressure saturation
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Fig. 1 Schematic diagram of the liquid tank
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Fig. 2 Sloshing pressure under different grid quantities
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Table 1 Values of natural frequencies of liquid under

different loadings
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Table 2 Numerical calculation conditions
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Fig.3 Time history of pressure at different rolling angles at 20% loading rate



86 VL5 I 1 R4 24 R SRR D

2024 4F 3 H

AR 4 TR0, B8 G R RE AR BE S BT 38 R A
SMBAERE Rz R . K 4a b, 7R
N BB RE A AR /D AR 2 R K A
ANIOATHEUE . TR Ab b BE A R AR AR RE R O R 67,
AR 1) T A% 1 A D 2 38O B T 2 B AE D
AT BE D 415 B 41 U JF U B BE T E T B AL
PEE . B de BT BEE AR E 107, B

a B 2°

c BRI 10°

e T B2 M1 30°

PR TR B R A € T ) 34k e T AR L € T
AR H PR X BE T 3 A eh il O mARE R & 4d,
e f AL BE AT B RE R FF S0 R S — s B
WF o H R T B L B R R ER I G s
Z% 1) 32 Bl Wi LA 3 M e o WA TR L OF B AR
2SS AR A R A I R 5 A R O A
B 2 21l

b BEHEMIE 6°

d B A 20°

Q6o

[ B4 A B 40°

B4 20%KBEXTAREERAEEARTEZLER

Fig. 4 Variation of free surface at different rolling angles at 20% loading rate
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Fig. 7 Relationship between roll angle and sloshing pressure at different loading rates
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