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The work presented in this paper started with a PhD Thesis (GTT/ECN) (Deuff, 2007) dedicated to the development of a
Smoothed Particle Hydrodynamics (SPH) solver able to simulate hydro-elastic impacts with strong fluid/structure coupling.
Further developments have been made to integrate the fluid/structure SPH solver in an industrial SPH platform named SPH-
Flow. These developments have mainly focused on the parallelisation of the fluid/structure solver and the implementation of
solutions to avoid the so-called Tensile Instability. They enable the simulation of liquid impacts on complex structures such
as MarkIII or NO96 containment systems. The paper first describes the theoretical core of the SPH fluid/structure solver.
Various academic test cases are presented for validation of the recently implemented SPH structural model, such as the free
vibration of a beam and wave propagation through a heterogeneous material. Recent developments on the parallelisation
and solutions implemented to avoid Tensile Instability are described. The final validation case allows a comparison of the
results of the fluid/structure SPH solver with analytical model results on a deformable beam wedge impacting the free
surface at very high velocity. This last test case highlights the interest of the strong fluid/structure coupling developed.

INTRODUCTION

Sloshing impacts in LNG carrier tanks must be considered a
multi-scale problem:

• Global scale, namely the tank scale, is that used to define the
general flow in the tank

• Local scale around the location of each impact is the area
where various different physical phenomena take place, among
which gas escape, rapid change of the liquid momentum to avoid
the obstacle, compression of the partially or completely entrapped
gas fraction, possible condensation, and fluid-structure interaction
(Braeunig, Brosset, Dias and Ghidaglia, 2009; Brosset and de
Sèze, 2009).

The global flow, ruled by Froude number, is well predicted by
different numerical methods such as finite volumes with improved
VOF techniques to track the free surface. Pressure estimation
derived from these global simulations is far from the complexity
that can be observed, for example, during sloshing model tests,
because the dominant local phenomena are not modelised.

Today few numerical software programs are able to simulate
simultaneously some of the phenomena described above that inter-
act during a sloshing impact. They are able to do this correctly
only for very simplified impact conditions, but with long and
expensive calculations. For example, it is possible to take into
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account the compressibility effects of the gas during the escaping
phase, which changes significantly the pressure pulse on the wall.
But for the time being, no code can take into account simulta-
neously all the phenomena that can be involved in a single real
impact even for simplified conditions, not to mention simulating
together the global flow and the local impact with sufficient mesh
refinement. When it becomes possible, this means that the simu-
lation results will be as sensitive to the initial conditions as the
sloshing model tests. So, just as for the model tests, very long
simulations will be needed in order to obtain the thousands of
impacts necessary for a statistical analysis. This should be nec-
essarily longer and much more expensive than tests, at least in a
first stage.

Nevertheless, we consider that local simulations of impacts in
simplified, even very academic, conditions allow for the under-
standing of the weight of the different physical phenomena
involved for different types of impacts, and hence can help eval-
uate scaling factors that are needed for a good use of model test
results.

Among the various numerical models available, the SPH
method displays some very interesting advantages for simulating
local impacts. Indeed, its compressible and explicit features result
in the imposition of small time steps that are of interest because
of the short typical duration of impacts. Another advantageous
feature of SPH resides in its natural multi-fluid and multi-physical
predisposition, allowing the modelling pf biphasic problems with
low density ratio (gas to liquid), possibly with the occurrence of
fluid/structure interactions.

The mid-term (about 12 months) objective of GTT is to have at
its disposal a SPH compressible bi-fluid/structure solver in order
to be able to simulate all phenomena involved in sloshing model




