SAND2017-5062C

Sandia

Exceptional service in the national interest National
Laboratories

Three-dimensional Wedge Simulation of an lonization Wave in Nitrogen/Helium Gas
Andrew S. Fierro, Chris H. Moore, Ben T. Yee, Matthew M. Hopkins

AbStraCt ReSUItS mes W |uu1||(|)|14|||||1||(|)u150m_3

Three-dimensional simulations of pulsed plasma formation in non-equilibrium conditions still represents a significant e s S USRI el
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challenge even for modern supercomputers. The high-resolution time and length scales required to accurately t :
simulate near-atmospheric pressure ionization waves or streamers are on the order of femtosecond and tens of :
nanometers, respectively. To alleviate some of the most demanding computational requirements, only a 10 degree o l
wedge of a needle-plane gap with a 250 micron gap distance is simulated. Regardless, this results in nearly 200 T ¢ :
million mesh elements while simultaneously tracking hundreds of millions of computational particles. Simulation X = .
time is on the order of many days on 5000 processing cores executed on the Sky Bridge supercomputer at Sandia 2 E l
National Laboratories. Here, a state-of-the-art best effort three-dimensional simulation in nitrogen with a helium gas ZN :
admixture is presented. Helium gas exhibits strong emission in the extreme ultraviolet (EUV) regime that is capable <o |
of direct photoionization of the nitrogen molecule. Recent developments in the advanced particle code, Aleph, have allowed for the = :
discrete tracking of photons that can interact with other particles in the simulation domain [1-3]. As a result, a quantitative study of ,
the role of photoionization in a nitrogen/helium gas discharge is performed by comparing the discharge behavior across varying |
helium concentrations.
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Numerical Parameters _ energy
Anticipated electron densities are on the order of 107° Expected plasma parameters that define the computational CO n CI us I o ns
cm-3 with a temperature of 0.5 eV. The Debye length requirements. "

Computational requirements were eased by only simulating a small angle wedge of the entire 3D domain, gradual grading of the

. . mesh from the high field region towards the cathode, and limiting the region of space where computational particles exist (far
Parameter Spatial or Time Scale . . = . . .
boundaries are used only for electrostatic boundary conditions). Still requires over 5000 processing cores for many days.

for electrons and photon CFL condition set the
maximum Ax and At. Mesh grading is chosen to limit

the number of elements in the simulation volume. Debye Length - Ap ~150 nm = Discharge in mostly nitrogen requires longer time to develop as opposed to a discharge in mostly helium.
Choose: | | Electron Mean Free Path - Ay, ~200 nm =  Comparison of photo-effects reveals that there is indeed more photoionization and photoemission occurring in the mostly helium
* Ax~ 90 nm near needle tip and increase smoothly Photon Mean Free Path -y, ~25 um discharge, although it is currently unclear if it is merely due to the higher electron density at these times.
to ~350 nm at a location 70 ym above the cathode. Inverse plasma frequency - (w,.)" 1 x 1013
« At=2x 10" s which easily resolves electron =
dynamics but approaches the limit for photons. Inverse collision frequency - (v;) ~300 x 102 s Refe re n Ces
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