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Simulation of Multi-Scale Free Surfaces within Gas-Liquid flows
using Combined Particle and Grid Methods

Eiji ISHII,T  Toru ISHIKAWA* and Yoshiyuki TANABE?

Abstract

Gas-liquid flows usually include multi-scale free surfaces, for example, fuel sprays used for automobile engines
become liquid films at the outlet of fuel injectors, and then the liquid films break up into droplets. Fluid flow with free
surfaces, like the liquid films, are mainly simulated using grid methods, where the front of the free surface is directly
captured on regular, fixed grids that cover both liquid and gas domains. In these methods, however, free surfaces are
sometimes lost due to numerical diffusion in case the scale of the free surfaces becomes smaller than the grid size.
Particle methods can avoid the occurrence of such the unreal loss of free surfaces. The particle methods treat the free
surfaces as groups of particles that move in a pattern based on a Lagrangian description. To simulate the multi-scale free
surfaces, we have developed a hybrid particle/grid method where the free surfaces within a sub-grid region are
simulated with particles located near the liquid interfaces. Velocities determined using the particle method are combined
with those obtained from the grid method. However, the interaction between gas and liquid still depends on the grid size
because the gas regions within the sub-grid regions were calculated by the grid method. Accordingly, the present
method adopts a two-particle model as the particle method; that is, the free surfaces within the sub-grid region are
simulated with two types of particles, one for the gas and the other for the liquid. The sub-grid regions are determined
by using the volume fraction of liquid calculated using the grid method, and then the two-particle model is applied to
the sub-grid regions. We will verify the new method by applying it to prediction of large deformation in free surfaces
(the Rayleigh-Taylor instability) and to the fragmentation of a water column. The predicted deformed shape of the water
column shows good agreement with measurements reported by Koshizuka et al.
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Fig. 1 Assignment of CIP and MPS methods in
gas-liquid flows
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Fig. 4 Initial arrangement of light and heavy fluids
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Fig. 5 Distribution of light and heavy fluid: (a) Hybrid method: (b) CIP method (60X 180 grids): (c) CIP method (120

X360 grids)
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Fig. 6 Particle/number-of-density sensitivity study.
Initial distance between particles were
changed: (a) 0.01, (b) 0.0067 and (c) 0.005
(presently adopted)
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Fig. 7 Initial geometry for the simulation of collapse of
water column
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Fig. 8 Simulation of collapse of a water column using 96 X192 grids with grid size of 0.608 cm. Initial distance

between particles is 0.162 cm
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(d) Hybrid (96 % 192 grids) . |}
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Fig. 9 Grid/number-of-density sensitivity study through the estimation of recovered scale with MPS by comparing
cases using CIP: (a) measurements of Koshizuka and Oka [4], (b) CIP only (96 X 192 grids), (c) CIP only (192

X384 grids) and (d) Hybrid (96 X 192 grids)
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(a) Collapse of water column using hybrid method.

Leading edge
(b) Leading edge position.
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Fig. 10 Movement of a leading edge caused by the
collapse of a water column
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