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An SPH model of monofluid/structure interactions has already been integrated in a parallel solver named SPH-flow and
applied in the context of sloshing impacts (Oger et al., 2009). The formulation of SPH-flow has been recently extended as a
result of this partnership, enabling the treatment of interactions between several fluids. This paper presents the theoretical
model of SPH-flow for the two-phase formulation. Applications to liquid impacts are given, confirming the strong influence of
the gas on the flow evolution and impact pressure peaks. The first two simulations proposed in the paper are a contribution to
the numerical comparative study organized within ISOPE-2010: the mono-dimensional problem of a piston compressing a gas
and the free gravity fall of a bi-dimensional liquid patch through a gas. Finally, the simulation of a breaking wave impacting a
rigid wall with a gas pocket entrapped is presented.

INTRODUCTION

The influence of the gas phase during a liquid impact event
on a wall, such as a sloshing impact, appears to be crucial for a
good estimation of the impact pressures. This has been confirmed
experimentally by sloshing model tests when comparing statistical
pressures obtained with gases of different densities within the tank
(Maillard and Brosset, 2009). When assumed as non-condensable,
the gas properties that matter during the liquid/gas interaction are
mainly the density and the compressibility (hence, the speed of
sound, whatever the equation of state that is considered).

As the membrane containment systems designer for LNG carriers,
GTT (Gaztransport & Technigaz) continues to work on sloshing-
related R&D to obtain improved predictions of their design loads.
Numerical simulation is considered as a complement to experiments
in order to get more insights on the physics of sloshing impacts.
Such work enables parametric studies of impacts in ideal situations
(simplified initial shape of the input wave, ideal physical properties
of liquids and gases, simplified list of physical phenomena involved)
that would not be possible by experimental analysis alone, thus
providing a further understanding of the physics of such problems.

Special attention has been paid to the Smoothed Particle Hydro-
dynamics (SPH) method. Indeed, the SPH method offers advantages
over classical numerical methods when simulating sloshing-type
problems. No connectivity is required for the free surface, enabling
the simulation of violent flows with possible fragmentation and inter-
face reconnection. The Lagrangian formulation cancels the interface
diffusion, resulting in a sharp definition of interfaces between gas,
liquid and structure. Moreover, SPH method can be applied to any
continuum description, resulting in an ability to easily approach
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multi-physics. Therefore, SPH method can theoretically solve,
in a fully coupled way, the compressible multi-phase structural
interaction problem occurring during sloshing phenomenon.

After presenting the theoretical aspects of the SPH bi-fluid
developments, applications to liquid impacts are presented.

SPH THEORY FOR BI-FLUID FLOWS

The developments to upgrade the SPH-flow software from a
mono-fluid/structure parallel version to a bi-fluid/structure parallel
version are described in this section.

Main Characteristics of SPH-flow Software

SPH-flow is a 2D and 3D parallel SPH solver developed by
Ecole Centrale Nantes and HydrOcean (Doring, 2005; Oger, 2006;
Deuff, 2007; Guilcher, 2008; Grenier, 2009). It enables solving
complex fluid and multi-physics problems through massive High
Performance Computing (HPC) resources more and more commonly
available on parallel clusters. Complex geometries in free or forced
motions can be modelized with a variable space discretization
(variable-H) solver for increased resolution simulations. The H-
variable scheme allows refining the particle distribution in the areas
of interest and coarsening it far away.

The solver was first developed for fluid flow simulations dedicated
to complex non-linear free surface problems. Within this context, the
conservation laws for a compressible fluid are solved, together with
the Tait equation of state. Inspired by Finite Volume formalisms, Vila
(1999) proposed to rewrite the SPH formalism initially developed
by Monaghan (1992). A Riemann solver in a Lagrangian framework
was introduced, leading to increased stability properties of the
scheme. Combined with the MUSCL (Monotone Upwind-centered
Scheme for Conservation Law) extrapolation (Van Leer, 1979),
this scheme provides very stable and low-diffusive results and can
be written in the more general Arbitrary-Lagrange-Euler (ALE)
formalism. Accuracy and convergence order of the scheme have
been increased, leading to upgraded spatial derivatives determination
by using a weight renormalization matrix (Vila, 1999).




