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ABSTRACT

The Smoothed particle hydrodynamics (SPH) method has been widely
used for simulating fluid flows. SPH represents fluid flows as particles moving by
forces. One problem of simulating incompressible flows is to compute the pressure
field and there are many ways to accomplish this. In weakly compressible SPH
(WCSPH) the pressure is calculated from an equation of state whereas, in
incompressible SPH (ISPH) and implicit incompressible SPH (1ISPH) the pressure
Poisson equation is used. ISPH can be divided into 3 types according to the
conditions applied: divergence-free ISPH (ISPH-DF), density-invariant ISPH (ISPH-
DI), and divergence-free, density-invariant ISPH (ISPH-DFDI).

The first objective of this work is to compare these SPH methods when
applied to single-phase fluid flow problems. The errors in the velocity field, density
field, and divergence of velocity are evaluated. The results show that WCSPH and
ISPH-DF are suitable for low Reynolds number flows, that ISPH-DFDI can simulate a
wide range of Reynolds number flows from 0.0125 to 100 but consumes more
computational time, and that 1ISPH is suitable for Reynolds number 100 and free
surface flows. However, IISPH is not appropriate for low Reynolds number flows.

The second objective in this work is to develop a multiphase version of
IISPH. The flow problem used for testing is the Rayleigh-Taylor instability. The result
shows that multiphase 1ISPH can successfully simulate the multiphase flow problem.
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