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Sloshing Phenomenon Occurring in the Foremost Two Tanks of LNG Carrier
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Herein, to predict the sloshing pressure for the No. 1 and No. 2 tanks of a liquefied natural gas carrier, a series of
sloshing model tests were performed and the obtained results were analyzed. By statistically approaching the experimentally
measured pressure, the differences by position in each tank were analyzed. At this time, the sloshing impact pressures
caused by the ship motion in various irregular sea conditions were measured. The loading conditions were tested for the
full-load conditions of 95%, 80%, 70%, and 10% load for the ballast condition based on the tank height. Among the sea
state conditions, the representative angle of incidence, significant wave height, and periodic conditions were chosen and the
results were summarized. Notably, the sloshing impact pressures generated in the No. 1 and No. 2 tanks of different shapes
and positions can be compared by simultaneously installing the two tanks on the motion platform.

INTRODUCTION

The sloshing phenomenon is a flow caused by the movement
of the tank containing the fluid, which impacts the tank wall. Par-
ticularly, for a liquefied natural gas (LNG) carrier, studies on the
sloshing phenomenon have been actively performed for the safety
design of cargo holds because large amounts of LNG impact the
tank wall due to the vessel movement. Since the sloshing phe-
nomenon exhibits strong nonlinearity, experimental studies have
been actively performed. Classification has also driven experi-
mental analysis (American Bureau of Shipping, 2006; Bureau
Veritas, 2011; Det Norske Veritas Germanischer Lloyd, 2014;
Lloyd’s Register, 2009). Additionally, due to computer perfor-
mance improvements, sloshing studies employing computational
fluid dynamics (CFD) are gradually being conducted. For exam-
ple, Liu and Lin (2008) developed a numerical model for the non-
linear sloshing flow in a three-dimensional rectangular tank. Yang
et al. (2016) analyzed the velocity field and impact pressure by
comparing the CFD and the particle image velocimetry results for
a two-dimensional sloshing impact.

However, obtaining long-term computational results, corre-
sponding to 5 h based on the real scale, is time-consuming and
expensive, and the accuracy of the computational results is lower
than that of the experimental results. Therefore, experiments are
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still being conducted to obtain information essential for the ship
design stage. For the sloshing model test on the LNG cargo hold,
the tests have been mainly conducted on the No. 2 or No. 4 tank,
which generally have a large capacity and high sloshing impact
(Kim et al., 2013; Oh et al., 2015). Kim et al. (2012) conducted
sloshing model tests with differently sized No. 2 tanks, ranging
from 1/50 to 1/70 scale, and they compared the magnitude of the
sloshing impact pressure. Ahn et al. (2019) compared the slosh-
ing impact loads occurring on the lee and weather sides of the
No. 2 tank via irregular model tests. Additionally, various slosh-
ing experiments using heavy gas have been recently performed to
match the density ratio between the actual gas and liquid (Ahn
et al., 2012).

Herein, sloshing model tests were performed by simultaneously
installing the No. 1 and No. 2 tanks on a motion platform. This
experiment was possible as it was performed on a large platform
with a load capacity of 10 tons that is owned by Seoul National
University. Thus, the sloshing impact pressure generated in the
two tanks could be compared through one experiment. For the
No. 1 tank, since the size, shape, and location are all different
from the No. 2 tank, the sloshing load is difficult to predict using
the existing experimental data, and the tendency of flow inside
the tank may be different.

The sloshing-induced pressures on the hotspots where hydrody-
namic impact is typically observed (e.g., tank corners, side wall,
tank ceiling) were measured by performing experiments under the
selected conditions. Here, various loading conditions, wave head-
ing angles, and sea states were considered for the experimental
conditions. Additionally, experiments for a set of conditions were
performed six times for 5 h based on the real scale, thereby yield-
ing experimental data corresponding to a total of 30 h. For the
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