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A Study on Sloshing Behavior for Moss-type LNG Tank Based on SPH
Numerical Simulation and Large-scale Model Experiment
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A new concept of the liquefied natural gas (LNG) tank shape has been proposed based on the conventional Moss tank to
improve the tank storage efficiency. In this research, a series of model tests are conducted for both new shape and conven-
tional spherical shape tank with imposed regular and irregular sway motion. Corresponding numerical simulation based on
smoothed-particle hydrodynamics (SPH) method is carried out and its prediction accuracy is discussed by comparing with
the model test results and other numerical simulation based on finite volume method (FVM).

INTRODUCTION

With the increasing demand of liquefied natural gas (LNG) and
growing LNG exportation from the United States, Australia, and
other countries, it is urgently necessary to improve the transporta-
tion efficiency especially for Japan, which has the largest demand
for LNG in the world and consumes approximately one-third of
total global LNG production. Pursuing new concepts of an LNG
tank with higher storage efficiency and sufficient safety perfor-
mance has become more and more important.

In this research, the spherical Moss tank is selected as the base
shape to improve because it does not require the limitation for
the liquid level of LNG. Moreover, because of the sphere shape
of Moss tank, the impact pressure of LNG on the tank when
sloshing occurs can be expectedly smaller than that of the shape
with corners.

To overcome the shortage of lower storage efficiency of the
spherical-shaped Moss tank, a new-shaped tank consisting of a
spheroid and cylinder is proposed. To validate the feasibility of
sloshing behavior for the new-shaped tank, large-scale model
experiments are carried out for both conventional and new-shaped
tanks with regular and irregular tank motion. The difference of
sloshing force between both tanks is clarified. Also, the nonlin-
earity of sloshing force is checked based on the regular motion
test with different motion amplitudes.

The influence of sloshing on ship motion has been studied in
many works. Rognebakke and Faltinsen (2003) suggested that
the steady-state ship motion that is coupling with the inside tank
sloshing can be well calculated by boundary element theory, as
the higher-order sloshing force is naturally filtered out by the sys-
tem. Kim (2002) established a more exhausting numerical model
by coupling the panel method (for ship motion) and the finite-
difference method (for sloshing) to analyze the antirolling tank

Received September 29, 2017; updated and further revised manuscript
received by the editors December 22, 2017. The original version (prior
to the final updated and revised manuscript) was presented at the
Twenty-seventh International Ocean and Polar Engineering Conference
(ISOPE-2017), San Francisco, California, June 25-30, 2017.

KEY WORDS: New shape tank, model test, sloshing, swirling, SPH, non-
linear.

problem. It should be noted that, compared with the ship motion,
the sloshing concerns more nonlinearity, which should be pre-
dicted accurately for the assessment of ship structural safety.
Especially in the model test, a severe swirling behavior occurs
that contributes to not only the parallel but also the vertical slosh-
ing force even though only one-direction tank motion is imposed.

In the last century, when large-scale numerical simulation was
unavailable, sloshing was mainly investigated in an experimental
manner. Sumner and Stofan (1963) demonstrated their important
experimental study for the antisymmetric mode of liquid oscil-
lation in a spherical tank. Thanks to the potential theory, the-
oretical analysis of sloshing with the inviscid, irrotational, and
incompressible assumption became possible. Faltinsen conducted
much research on the steady-state solutions for sloshing with dif-
ferent tank shapes (Faltinsen et al., 2000; Faltinsen and Timokha,
2009, 2013). In his method, the multimodal method and Moiseev–
Narimanov asymptotics are utilized, and the occurrence frequency
of stable planar sloshing, stable swirling, and unstable sloshing
can be theoretically predicted without considering the high-order
sloshing natural frequency. However, he pointed out that the avail-
ability of this theoretical model is highly limited by the secondary
sloshing resonance, which may locate close to the first-order reso-
nance. The splashing/overturning behavior also greatly affects the
accuracy of the theoretical model.

To overcome this limitation of the theoretical model, computa-
tion fluid dynamics has been utilized in sloshing research in recent
decades. The accuracy of the Eulerian grid-based fluid model has
been utilized to simulate the sloshing behavior in many studies.
Kishev et al. (2006) successfully used the constraint interpola-
tion profile (CIP) method to tackle the two-dimensional (2D) vio-
lent sloshing problem. The popular finite volume method (FVM)
solver, OpenFOAM, is widely utilized to investigate the sloshing
behavior; see Li et al. (2012), Moirod et al. (2010), and Jiang
et al. (2015). Lee et al. (2007) applied the commercial FVM solver
FLOW3D (Flow Science, 1999) to discuss the parametric sensitiv-
ity of the LNG sloshing force. In this paper, the FVM simulation
of sloshing is also carried out based on the commercial software
Star-CCM+ (referred to as “CFD_S” in this paper; CD-adapco,
2015). The high prediction accuracy of the sloshing force is val-
idated by the model test with regular tank motion. In the above


