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ABSTRACT

For particle-discretized simulations, ISPH-DEM coupling is the most commonly used method to solve
problems involving fluid-rigid-body interaction. The ISPH method has been proven to produce a smooth
and accurate pressure distribution of free-surface fluid flow [1]. Here, the computed hydrodynamic force
can be applied onto rigid-bodies, which may simultaneously experience contact or impact with another
rigid body. In many simulations in DEM, the contact force is often calculated by means of penalty
method, where a spring-based repulsive force is approximated at the vicinity of contact points. However,
for high-speed collision problems involving a system of many rigid bodies, the values of approximated
repulsive force may be overestimated. As a result, they generally require a much smaller time step, and
an excessive damping parameter is often set to stabilize the applied force.

The problem mentioned above is fatal for the computational resources of the ISPH-DEM simulations as
the computational cost at each time step is mostly dominated by the fluid simulation. The size of the time
increment for the ISPH method needs to be chosen according to a sufficient Courant-Friedrichs-Lewy
(CFL) condition, and it is often larger than the interval collision. A similar order of time increment is,
therefore, desired for the rigid body simulation using DEM.

Instead of the penalty method, the energy tracking impulse-based method [2] has been adopted to repro-
duce an adequate contact force among the rigid bodies. The basic idea of many traditional impulse-based
methods is to constrain the relative velocity at the contact point, which follows Newton’s impact law that
relates the pre- and post-collision velocities by a coefficient of restitution. In this work, to achieve bet-
ter energy conservation during impact, the Stronge’s hypothesis [3] is assumed. In this assumption, the
same coefficient of restitution can be used to express the energy potential of compression and restitu-
tion phases, which are proven to be more stable and accurate in comparison with the aforementioned
Newton’s assumption.

Some verification and validation tests, including comparisons of numerical solutions with analytical and
experimental results, have been conducted to check the quality of the implementation. Further studies,
however, should be conducted to assess the fluid-rigid-body coupling scheme before being used for
simulations with more complex geometry and interaction.
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