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Numerical Analysis of Gas-Liquid-Liquid-Solid Four-Phase Flow to Elucidate the
Mechanism of Crack Suppression of Dry Particulate Thin Film by Liquid Bridge
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With the development of numerical analysis technology, it is possible to
analyze not only two-phase systems but also three-phase systems such as solid-gas-liquid. On the
other hand, more complex four-phase flow phenomena have been experimentally confirmed. The addition
of an immiscible fluid suppresses cracking of dry thin films. This is a phenomenon of a four-phase
system of gas phase, particles, continuous phase, and bridging fluid. In this study, a numerical
simulation model of solid-gas-liquid-liquid four-phase flow was developed.

Numerical analysis of the particle collision process on the free interface, which is often reported
in previous studies of solid-gas-liquid three-phase flows, is performed. Compared with the
three-phase flow, the four-phase flow shows that the number of free interfaces in the four-phase
flow case is large, and the particle motion becomes more complicated due to the interaction of the
free interface motion and the capillary force acting on the particles.
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Fig.1 Snapshots of particle impact on interfaces:
(a) three-phase flow and (b) four-phase flow.
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Fig. 1(b2) Fig. 2 Time variation of particle position for

four-phase and three-phase flows.
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Fig. 3 Time variation of particle position for
four-phase flow with different oil-
phase thickness.
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