HARD: Leveraging FleCSI for Heterogeneous Multi-Material Hydrodynamics
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Optimizations

Memory usage is critical as it constrains simulation problem size and vastly
iIncreases MP| communication overhead, creating a major bottleneck. Hence,
sparse data structures and FleCSI’'s native MPI optimizations for GPUs are
employed in HARD.

Background Rayleigh-Taylor Instability

Rayleigh-Taylor (RT) Instability occurs at the interface of fluids with different densities, where the system is
accelerated (i.e. by gravity) towards the denser fluid.

« With the same material test, diffusion between the fluids occurs.

« With different materials, there is no diffusion proving our methods are correct for immiscible materials.

HARD (Hydrodynamics And Radiation Diffusion) [1] is a radiation hydrodynamics
code built upon FleCSl to efficiently target modern heterogenous architectures.
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Sharp interface tracking between immiscible materials and coupling fluid flow o
across an interface by defining “ghost states” [4]. This work improves on the
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