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Introduction — dusty medium

Gas + Dust =
=Two(three, four..)-phase medium
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Equations to solve (two phases)
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v — gas velocity
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(giv) +V- (pa ST — p?) —V. n(v) + Dgas u — dust velocity
p — gas pressure
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p
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Smooth particle hydrodynamics
Approximation of any parameters:
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Monaghan&Kocharyan approach

Drag force on gas:
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Drag force on dust:
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Dependence on dust parameters:
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Monaghan, J. ], Kocharyan, A., Computer Physics Communications, 1995
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SPH + Implicit Drag-In-Cell method

IDIC: Stoyanovskaya+, Astronomy and Computing, 2018, Stoyanovskaya+, Journal of
Computational Physics, 2021
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Gadget-2 package

SPH cosmological simulations, Tree-code for approximation of gravity

Tree on Process 1

Domains are obtained by cutting the
Peano-Hilbert curve into segments
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Sod’s tube problem: constant m vs. constant N
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SPH-IDIC: h =2 x 1072, At = 1073, solid: m=const, dashed: N=const
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Sod’s tube problem: MK vs. IDIC, small ts,,

Initial conditions
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Sod's tube problem: MK vs. IDIC, medium f#,,
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Sod’s tube problem, IDIC: variable h vs. h=const

Initial conditions
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Expansion of Dusty ball into vacuum — 3D: problem and solution

Analytical solution:

)
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Dusty ball — 3D: large relaxation time
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Dusty ball — 3D: small relaxation time
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Parallelization of IDIC: 12th Gen Intel(c) Core ™i9-12900K x 16
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MPI-threads
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e Implementation of the SPH-IDIC method using the Gadget-2 package was
verified

e 1D and 3D calculations show significant advantage of SPH-IDIC over
MK-scheme when small f,

e SPH-IDIC is parallelizable algorithm, speedup ~ 10 with 24 threads
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