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ABSTRACT

Particle methods are studied to analize complex motion of free surface flow. Since motion of the par-
ticles is the same as that of the surface of the fluid, surface tracking is not needed. Particle methods
are also applied to multi-phase flow including gas-liquid two phase flow. However, the large density
ratio of two fluids causes instabilities. Colagrossi and Landrini[1] proposed a formulation to calculate
gas-liquid two phase flow stably. However thier method is limited to weekly compressible flow. On the
other hand, Hu and Adams[2] developed a method to analize incompressible multi-phase flow, though
their was used for small density ratios. In this study, a large density ratio as gas-liquid two phase flow
is calculated with the incompressible condition. We use Moving Particle Semi-implicit (MPS) method,
which is one of the particle methods for continuum mechanics.

In MPS, models for differential operators are fomulated using a weight function:

w(|rij |) =
re

|rij |
− 1, (1)

whererij andre are the relative coodinate and the cutoff radius, respectively. Particle number density
and normalization factorλ are defined as

ni =
∑

j

w(|rij |) (2)

and
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∑
j |rij |2w(|rij |)∑

j w(|rij |)
. (3)

We propose new particle interaction models, with which large density ratio can be calculated.



The lapcican of pressure used in Poisson’s equation of the pressure is discritized to(
∇
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whered is the spacial dimensions. The laplacian model is reformulated includingρi andρj , which are
the densities of pariclesi andj, respectively.

The gradient model of pressure is also re-formulated as
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We also adopted the formulation to suppress the numerical oscillation or pressure[3]. The source term
of Poisson’s equation of pressure was re-formulated as(
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With this formulation the change of the particle number density is kept almost null. Additionally stabil-
ity was also improved.

Dam break is analyzed using the proposed models.

REFERENCES

[1] A. Colagrossi and M. Landrini, “Numerical simulation of interfacial flows by smoothed
particle hydrodynamics”,J. Comput. Phys., Vol. 191, 448-475, 2003.

[2] X.Y. Hu and N.A. Adams, “An incompressible multi-phase SPH method”,J. Comput. Phys.,
Vol. 227, 264-278, 2007.

[3] M. Kondo and S. Koshizuka, “Suppresing Pressure Oscillation in Fluid Analysis using a
Particle Method”,Proceedings of APCOM’07-EPMESC XI, December 3-6, 2007, Kyoto,
MS38-6-2.


