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Summary

It is known that there is a possibility that severe sloshing can occur in partially filled cargo tanks of membrane LNG carriers and
that it may cause damage to the tank structures. Recently, new modes of LNG cargo transportation have arisen, such as the use of
LNG carriers in the shuttle transportation of natural gas from floating LNG, the adoption of LNG as a fuel for ships, etc. In these new
applications, partial filling in the cargo tank or in the fuel tank is inevitable. In this study, in order to investigate the sloshing
characteristic in partially filled membrane tanks, sloshing model experiments were carried out. In the experiments, a strong rotational
motion of the free surface in the tank, i.e. swirling, was observed. Based on the experimental and numerical studies carried out in this
study, it was found that swirling occurs when the tank length to tank breadth ratio (Z,/B, ) is close to 1. In addition, even in irregular
excitation, it was confirmed that there is a possibility that swirling occurs with the same condition. There are some actual ships that
have tanks which conform with the above mentioned condition, so swirling may occur if such ships are operated in partially filled
condition. Furthermore, the relationship between the sloshing force and the applied excitation was investigated from the results of
irregular excitation experiments and numerical calculations. Based on the derived formula, a distribution map of sloshing load in the

North Pacific Ocean was obtained.
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Table 1 Irregular test condition.
Case Fll;i/l:lg H L2 Duration
[%] [m] [s] [s]
1 0.072 (4.95) | 1.510 (12.52)
2 50 0.144 (9.90) | 1.510 (12.52) 1200
3 0.08572 (5.76) | 1.152 ( 9.55) (9950)
4 0.144 (9.90) | 1.124 ( 9.32)
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Fig. 7 Direction of excitation and force histories.
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Fig. 9 Force histories by irregular excitation (full scale).
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Fig. 11 Force histories by irregular excitation (Swirling).
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for different L,/B, ratios.
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Table 2 Number of sloshing.

Number (Duration 3 hour
Number of .
Case of peak L of exp.) maximum
excitaion
observed /Ty [kN]
1 1539 1047 39209
2 1492 684 52376
1284
3 1394 906 64099
4 1365 1099 81096

Table 2 /R & DT F, ORESRAND DIFTATEAB O &
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Fig. 14 Sway response spectra of small tank (full scale).
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Table 3 Relations between fp, +@(fy)

and 3 hour maximum values

Case fpr \/Tf]v) 3 hour
[rad/s] [ms'?] maximum[kN]
Exp.(Casel) | 0367874 | 0.113171 16102.66
Exp.(Case2) | 0367874 | 0.254634 22253.04
Exp.(Case3) | 0.482287 | 0.482016 30572.34
Exp.(Cased) | 0.520428 | 0.726732 37131.19
Cal. 0.509383 | 0.364041 26103.17
Cal. 0.564266 | 0.428492 28662.12
Cal. 0.482287 | 0.477586 30733.04
Cal. 0.630729 | 0.488331 29364.96
Cal. 0.670394 | 0.505489 29501
Cal. 0.564266 | 0.617028 3501033
Cal. 0.630729 | 0.703196 362333
Cal. 0.630729 | 0.732496 37320.85
F, =33x104J0(fy) +1.4x10* 3)
F, =3.8x10*/®(fy) +43x10° @)
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