©
2018 2020

Multiphase parallel computation method to predict and understand disasters
caused by gas-liquid-solid interactions
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In this study, the applicability of the multiphase parallel computation
method has been investigated mainly to the fluid-solid interaction problems. The obtained results
are summarised as follows: (1) Hydraulic experiments and numerical predictions were conducted for
the local scour on the gravel bed caused by an impinging vertical water jet. It was confirmed that
the calculated gravel-bed shapes are in good agreement with the experimental results. In addition,
the total traveling length of each gravel particle, contact forces between particles, and pore water

pressure were obtained with the computation method. (2) Similar results to (1) were shown in case
that the upward vertical flow enters from the bottom of the gravel particles with the computation
method. (3) It was shown that the essential characteristics are reasonably calculated for the high
viscous fluids, non-Newtonian fluids and seepage flows among the absorbent particles.
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The damping effects on the free—surface motions due to the presence of the
deformable solid bodies suspended in the fluid were numerically investigated. The
computational method is based on a full Fulerian model that can deal with the
interactions between Newtonian fluids and visco—hyperelastic solid bodies. In the
numerical predictions, the free-surface motions caused by the so-called dam-break
conditions, including four spherical visco—hyperelastic bodies, were calculated
with two cases of non-dimensional shear moduli, G = 0.1 and 10.0, of the visco—
hyperelastic bodies, which have the same density as that of the liquid phase. As a
result of the computations, the following reasonable results were obtained; when
the solid bodies are highly flexible (G = 0.1), the free—surface motions are almost
the same as those having no solid bodies. In contrast, it was demonstrated that
the damping effects are obviously large in case that the stiffness of solid bodies
increases (G = 10.0)

In the computations of incompressible fluids, it is essentially important to obtain
accurately the velocity components that satisfy the incompressible condition (V -+
u = 0) as well as the pressure variables which are consistent with the velocity
fields. For this purpose, a pressure-velocity correction method (C-HSMAC method)
has been proposed by Ushijima et al. (2002) with a finite volume method (FVM) for
incompressible fluids. The purpose of this paper is to estimate the effects of the
unsatisfied incompressible condition on the passive scalar convection and to
confirm that the C-HSMAC method is able to suppress them. The C-HSMAC and usual
SMAC methods were applied to the passive scalar convection in the cavity having an
oscillating top wall. It was concluded that the unsatisfied incompressible
condition may cause the unphysical scalar overshoots in the SMAC method. In contrast
the C-HSMAC method enables us to control |V +u| with the given threshold D and
to suppress such overshoots. In addition, it was demonstrated that the C-HSMAC
method allows us to obtain reasonable results without overshoots even in combination
with a higher—order scheme for convection terms with finer cell divisions
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