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Model-Scale Sloshing Tests for an Anti-Sloshing Blanket System

Yonghwan Kim* and Sang-Yeob Kim
Seoul National University, Seoul, Korea

Yangjun Ahn
Daewoo Shipbuilding and Marine Engineering Co., Seoul, Korea

Kyong-Hwan Kim
Korean Institute of Ocean Science and Technology, Gyeonggi-do, Korea

Sang-Eon Jeon, Yong-Suk Suh, Jong-Jin Park and Seung-Myun Hwangbo
Samsung Heavy Industry, Goje, Korea

The present paper introduces the results of a comparative study to develop a new device for the reduction of the sloshing
impact load on an LNG cargo containment system. A floater-type blanket is proposed as a new device. The floater floats and
deforms on the free surface inside an LNG tank, and the floater’s material can work properly at extremely low temperature.
To observe the efficiency of this device, a series of 3D model tests is performed at 1/50 model scale. Slosh-induced impact
pressures are measured on the inner side of the tank wall in irregular motion excitations, with varying filling depths and
sea states. It is observed that this floater-type device can reduce the slosh-induced impact pressure in most conditions. Some
key findings from these model tests are discussed in this paper.

INTRODUCTION

Sloshing in marine hydrodynamics is a well-known prob-
lem that has attracted many research works during the last few
decades. Recently, as the size of an LNG tank has become larger,
the natural frequency of the tank has become closer to the ship
motion frequency. This change has brought some critical issues,
and sloshing is at the center of those technical concerns (ABS,
2006; DNV, 2006; LR, 2009). Engineering research on the slosh-
ing problem through experimental or computational approaches
has been widely carried out to predict impact loads on cargo
structure. Faltinsen (1990) stated where damage was caused by
sloshing in bulk carriers, Oil-Bulk-Ore (OBO) carriers and LNG
carriers. Knaggs (2006) remarked that, while the size of LNG car-
riers has dramatically increased, the number of LNG tanks is still
only four or five. This causes a significant increase in the sloshing
loads in the tanks.

One of the most important parameters in sloshing is resonance.
Therefore, the most powerful way to overcome the critical slosh-
ing problem is to avoid resonance between the natural sloshing
modes and ship motion. If the resonance cannot be avoided, a suit-
able manner should be found to reduce the sloshing-induced loads.
There have been several studies to invent reduction devices of
the sloshing load in tanks. Warnitchai and Pinkaew (1998) intro-
duced a wire mesh screen in a rectangular tank model. Faltinsen
and Timokha (2008) introduced a swash bulkhead. More recently,
Anai et al. (2010) introduced a new reduction device using a mem-
brane material and wire attached to the tank bottom. However,
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these devices have critical deficiencies in their practicality, such
as too-high cost or fabrication difficulty in actual application.

In this study, a floater-type blanket is introduced to reduce
sloshing impact load. Two main effects are expected in the appli-
cation of this device. First of all, by applying a floater-type blan-
ket, the natural frequency of sloshing flow can be changed. The
floater plays the role of changing the stiffness of free-surface
motion, so it can be expected that the natural frequency of fluid
flow inside a tank moves to an out-of-resonance frequency range.
Secondly, the blanket system can reduce the sloshing severity by
absorbing some of the energy during sloshing motion.

The first model test for the anti-blanket system was carried out
at Seoul National University in 2011 (Kim et al., 2011). In their
study, a 1/70-scale model test was conducted, focusing on regular
excitation motion. In the present study, a more systematic exper-
iment for a larger-scale model is carried out. This floater-type
blanket has been proposed by Samsung Heavy Industry (SHI),
and model-scale floaters have been fabricated by BASF Com-
pany Ltd. The model scale is enlarged to 1/50, and more sensors
are installed. The positions of pressure sensors are selected based
on the previous 1/70-scale test results. To reflect a more realis-
tic LNG cargo condition, a simplified pump tower is installed in
the model tank, and this is also considered in manufacturing the
floater. As test conditions, irregular sea states are considered with
forward speed. Characteristics of sloshing loads of the two dif-
ferent tank systems are studied for various filling depths, heading
angles and sea states. To quantify the effectiveness of the floating
blanket system, statistical analysis is carried out for all measured
pressure data.

CONCEPT OF THE FLOATER SYSTEM

To understand the concept of the floating blanket system, con-
sider a partially filled tank with a floating mat on a free surface.
Figure 1 shows the coordinate system. The floating mat has flex-
ural rigidity D and unit mass w. It is assumed that this mat can




