Implementation and validation of collisions in a new PIC code
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The goal of the TriForce Center for Multiphysics Modeling is to develop a simulation framework
for studying fluids and plasmas in a wide range of environments
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TriForce Direct Fusion Drive from Princeton Satellite Systems

« Open source particle code for studying HED and
fusion relevant environments

« Massively parallel, GPU accelerated

« Smoothly transition between coexisting fluid and
kinetic descriptions
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The goal of the TriForce Center for Multiphysics Modeling is to develop a simulation framework
for studying fluids and plasmas in a wide range of environments
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TriForce Direct Fusion Drive from Princeton Satellite Systems
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« Open source particle code for studying HED and
fusion relevant environments

« Massively parallel, GPU accelerated

« Smoothly transition between coexisting fluid and
kinetic descriptions
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PIC solves the Maxwell-Boltzmann system with operator splitting, allowing the
particle push and collisions to be treated separately
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e Solve MaxweII-BoItzmar_m system by discretizing f(x,v,t) ﬂ +v-Vf 4+ l(E N va> W f = (ﬂ)
onto a set of macroparticles at m c at/.
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In the binary Monte Carlo scattering model, particles are paired with a
computational cell and perform a representative scatter for arbitrary distributions
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e Neutral collisions - sample collision frequency

if (U < Pgcatter) Particles collide

Two-temperature water mixture thermal relaxation
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In the binary Monte Carlo scattering model, particles are paired with a
computational cell and perform a representative scatter for arbitrary distributions
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e Neutral collisions - sample collision frequency e Coulomb collisions - sample scattering distribution
Pscatter = VAt <1 1 - A=A(s)~1/s
] ] ] cos @ = 1+—ln[1—U9(1—e‘ )]
if (U < Pgcatter) Particles collide A s = VAt
Two-temperature water mixture thermal relaxation Charged particle thermal relaxation
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Simulated measurements of plasma properties
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Stopping in solid density fully-ionized Al Electrical conduction in solid copper
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Combined electron-neutral scattering model — plasma breakdown
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Helium breakdown in applied electric field
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Thermonuclear and beam-target fusion
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Beam-target DD fusion
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Application of the fully-integrated PIC code - the Princeton Field Reversed
Configuration and Direct Fusion Drive
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 An invention of Dr. Samuel Cohen, the concept uses odd-parity rotating 6 ot o0 —
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Fully-integrated kinetic electromagnetic simulations of PFRC-1 in development
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Summary/Conclusions

Collisions validated for general plasma modeling
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Particle collisions were implemented in a PIC code using the binary scattering method
— Coulomb scattering, impact electron ionization, direct elastic collisions, excitation, fusion

Validation tests include stopping and conduction measurements, plasma breakdown, and
thermonuclear and beam-target fusion

We are actively benchmarking a fully-integrated simulation of PFRC-1 before exploring the
parameter space relevant to PFRC-2 and beyond
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