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The Contact and Parallel Analysis of Smoothed Particle Hydrodynamics
(SPH) Using Polyhedral Domain Decomposition
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ABSTRACT : In this study, a polyhedral domain decomposition method for Smoothed Particle Hydrodynamics (SPH) analysis is
introduced. SPH which is one of meshless methods is a numerical analysis method for fluid flow simulation. It can be useful for
analyzing fluidic soil or fluid-structure interaction problems. SPH is a particle-based method, where increased particle count generally
improves accuracy but diminishes numerical efficiency. To enhance numerical efficiency, parallel processing algorithms are commonly
employed with the Cartesian coordinate-based domain decomposition method. However, for parallel analysis of complex geometric
shapes or fluidic problems under dynamic boundary conditions, the Cartesian coordinate-based domain decomposition method may
not be suitable. The introduced polyhedral domain decomposition technique offers advantages in enhancing parallel efficiency in such
problems. It allows partitioning into various forms of 3D polyhedral elements to better fit the problem. Physical properties of SPH
particles are calculated using information from neighboring particles within the smoothing length. Methods for sharing particle
information physically separable at partitioning and sharing information at cross-points where parallel efficiency might diminish are
presented. Through numerical analysis examples, the proposed method's parallel efficiency approached 95% for up to 12 cores.
However, as the number of cores is increased, parallel efficiency is decreased due to increased information sharing among cores.

Keywords : SPH, Parallel analysis, Domain decomposition, Fluid analysis, Polyhedral domain decomposition, Contact and impact
analysis
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Fig. 1. Tripartite domain and bipartite plane (is the normal vector
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Fig. 2. If an SPH particle is located inside a tetrahedron, it can
be divided into four smaller tetrahedron
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Fig. 4. Boundary face

Fig. 5. SPH particles
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Fig. 7. Polyhedron domain decomposition model 1
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Fig. 9. Total model
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Fig. 12. Computational time in the tetrahedral decomposition model 1
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Fig. 13. Computational time in the tetrahedral decomposition model 2
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Fig. 15. Computational time on 12 cores
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Fig. 17. SPH particles at 0 sec. (decomposition model 2, The use
of 12 colors represents decompositions)

Fig. 20. SPH particles at 3.5 sec. (decomposition model 2, The
use of 12 colors represents decompositions)

Fig. 18. SPH particles at 0.35 sec. (decomposition model 2, The
use of 12 colors represents decompositions)

Fig. 19. SPH particles at 1.75 sec. (decomposition model 2, The
use of 12 colors represents decompositions)

Fig. 21. SPH particles at 5.25 sec. (decomposition model 2, The
use of 12 colors represents decompositions)
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