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The stability and accuracy of three methods which enforce either a divergence-free velocity
field, density invariance, or their combination are tested here through the standard
Taylor?Green and spin-down vortex problems. While various approaches to incompressible
SPH (ISPH) have been proposed in the past decade, the present paper is restricted to the
projection method for the pressure and velocity coupling. It is shown that the divergence-free
ISPH method cannot maintain stability in certain situations although it is accurate before
instability sets in. The density-invariant ISPH method is stable but inaccurate with randomnoise like disturbances. The combined ISPH, combining advantages in divergence-free ISPH
and density-invariant ISPH, can maintain accuracy and stability although at a higher
computational cost. Redistribution of particles on a fixed uniform mesh is also shown to be
effective but the attraction of a mesh-free method is lost. A new divergence-free ISPH
approach is proposed here which maintains accuracy and stability while remaining mesh free
without increasing computational cost by slightly shifting particles away from streamlines,
although the necessary interpolation of hydrodynamic characteristics means the formulation
ceases to be strictly conservative. This avoids the highly anisotropic particle spacing which
eventually triggers instability. Importantly pressure fields are free from spurious oscillations,
up to the highest Reynolds numbers tested.
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