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Dynamic Coupling Between Ship Motion and Three-Layer-Liquid Separator
by Using Moving Particle Simulation
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The initial separation of mixed oil/gas and water from risers is done by wash tanks inside the FPSO/FLNG hull. As the
vessel size increases, larger-sized separators/wash tanks and storage tanks are considered. The performance of separators/wash
tanks is in general affected by the vessel motions, and the vessel motions themselves are influenced by multi-layer-liquid
sloshing motions inside the wash tanks. The MPS (Moving Particle Simulation) method has shown that it is adequate in
predicting violent sloshing patterns and the corresponding impact loading on tank walls in single-phase-liquid problems.
However, the application of the MPS method to the multi-layer-liquid system has been very rare in the open literature. In the
multi-liquid system, a proper buoyancy model including surface tension has to be incorporated to more accurately simulate the
behavior among different-density particle members. Another important factor of the multi-liquid problem is the reasonable
treatment for tracing multiple interfaces and imposing proper kinematic and dynamic boundary conditions at the interfaces.
The newly developed MPS method for multiple-liquid layers is validated by comparison against linear potential theory (in the
case when interfacial amplitudes are small) and by comparison against some available experimental results. The multi-liquid
MPS sloshing program is also coupled in time domain with a ship-motion program to assess their interactions in a typical
operational sea environment. The generation of interfacial sloshing waves depending on the excitation wave period is clearly
demonstrated, and the internal waves are in several cases much greater than the free-surface waves. Since various interfacial
sloshing motions of different frequencies can be generated at the respective interfaces, the influence of large separators on
vessel motion can be more complicated than the single-liquid tank.

INTRODUCTION

Due to the increase in demand for oil and gas, the offshore
industry is moving into deeper water depths for exploration and
production. In this regard, many new floating offshore platforms,
such as FPSO, FSRU, and FLNG, are planned to be installed
in the coming years. Another interesting point is that the multi-
well system will become more popular in future development. To
increase the processing efficiency of those floating platforms, many
new ideas have been suggested. For instance, subsea separators
were newly introduced for maximizing the production efficiency of
new types of deepwater oil wells. Usually, separators are placed
on deck and separate oil, water, and gas from produced fluids.
Recently, a new idea for a larger-scale “wash tank” was also
suggested as a pre-processor for conventional separators. The wash
tank is for the initial separation of oil and seawater, with the help
of emulsion fluid, in simply shaped storage tanks inside the hull for
maximizing process efficiency. One or two large-scale wash tanks
with three liquid layers can be positioned inside the FPSO hull.
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The motions of inner fluids can thus become an important issue.
At the design stage, it is important to confirm that undesirable
resonant motions of the multiple interfaces do not occur under the
typical operational/survival environmental conditions. Therefore, a
consistent dynamic analysis, including the coupling effect between
the vessel motion and the sloshing of multiple inner fluids, needs
to be developed. In particular, the internal sloshing at the inner
interfaces needs to be predicted in a reliable manner to guarantee
the high performance of wash tanks.

The multi-liquid sloshing problem was studied by Molin et al.
(2012) through both experiments and numerical simulations. Three
different fluid layers in a rectangular tank were used in the study.
La Rocca et al. (2005) also investigated both theoretically and
experimentally the two-liquid-layer sloshing in a rectangular tank.
In Rocca et al.’s study, Molin et al.’s three-immiscible-liquid-layer-
sloshing problem is revisited, and the whole fluid dynamics are
simulated by a newly developed MPS method. The simulated
interface elevations are compared against Molin et al.’s experimental
results, which show good agreement between them. Molin et al.
(2012) also presented their CFD results, in which VOF is used for
tracing interfaces. Under mild harmonic motions, their CFD results
also agree well against their experimental results. However, the
VOF method may not be so reliable in a case of violent interface
motions, including breaking, mixing, splashing, and detached
particles, which may occur when vessel motions are large. In this
regard, the Lagrangian approach, such as MPS, is extended in the
present study to solve the multi-liquid sloshing and its coupling
effects on vessel motions.

The MPS method was proposed by Koshizuka and Oka (1996)
for incompressible-flow simulations. In the original MPS method,




