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Simulation of Impact on Regolith using Gas Dynamics Model with Irreversible Compressibility
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Abstract
To simulate the dynamics of the regolith at the impact of a high-speed object onto the surface of a planet, an asteroid or a
comet nucleus in the framework of the continuum fluid dynamics, the "Compressible and Non-Expanding Fluid (CNEF)"
model was proposed. The cohesion of the grains is considered as the irreversible compression, assuming a higher speed of
sound at unloading than compression, which enables the fluid to have higher density after unloading than the initial
uncompressed one. The Euler equations for CNEF are numerically solved with the finite volume method, the Godunov
scheme, and the exact Riemann solver. The result of the two-dimensional impact problem shows that the CNEF model
forms the high-density zone near the surface at the bottom of the crater. In the problem of the penetration of a spherical
projectile into a plane of the granular fluid, the CNEF analysis reproduces the shock-wave-like structure in front of the

projectile and the void in the wake region as observed in the experiment using the ballistic range. A trial calculation was

made to demonstrate the potential of the CNEF model for the simulation of the planetary system formation.
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