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SOLVING THE BOLTZMANN EQUATION FOR ELECTRON
KINETICS USING THE GALERKIN APPROACH
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Argon Kinetic Model Validation

Ruairi O’Connor, Juan P. Barberena THE UNIVERSITY OF TEXAS AT AUSTIN
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LR - . Results: 6-Species Model Validation Computational Model
Plasma chemistry and kinetic models are required for

redictive simulations of an ICP at the UT PSAAP center ¢ R 7 A 1-D (axial) simulations of argon CCP discharge are performed
precies) Ar(4p) Number Density Comparison (at center of discharge) using purpose-built glowDischarge code
Models for argon are being developed through a 1D (axial) e As13
computational model and validated in a sub-scale glow o 1Torr - Exp. The kinetic model consists of 6 species (E, Ar*, Ar,,, Ar,, Ar,,, Ar)
discharge facility -®- 1Torr - Sim. and 34 reactions. Nominal values for the rate coefficients were
a4

obtained either from the literature (heavy-heavy reactions) or

Rigorous UQ efforts are propagated through both from cross-section data found in the LxCat databases

experimental measurements and computational models

Uncertainties were quantified in all reaction rate coefficients, as
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i 2 4]l @ SoomTor-Exp. e well as electron transport pr rties, and propagated through
Future work will focus on molecular nitrogen and air plasmas S ~®- 500mTorr - Sim C P properties, Propag; oug!
o : e the model. Experimental uncertainties in the voltage amplitude
= = E 5 s e i o were also added to the model.
Obijectives £ g___ _____ - - - '
1. Develop and validate electron kinetics models for low- = 24 6-species, 34 reaction model has been validated against
temperature argon plasmas = 250mTorr - Exp. T experimental data. 5-species model is believed to be minimum
2. Construct glow discharge facility with suite of plasma i—’— 3 —®- 250mTorr - Sim. - T = 1 model required to capture relevant kinetics. This model is under
diagnostics 24 2 "‘""‘-'f.'.—-— | development
3. Determine minimum fidelity argon chemistry for LTPs 3 :—__“___‘.’——— =T - = £ Donsity: 6-Spociest23-Rxn
- p o T
g 100 120 140 160 180 200
Glow Discharge Experiments Voltage [V] —
A CCP glow discharge facility has been built to provide key Figure 1: Computational vs. Experimental Results

validation data for plasma models
Comparison shows excellent agreement between the computational

Diagnostics include: model and experimental data in the 1 Torr pressure regime. At lower
RF Measurements (V, 1, 0, P) pressures, there is a partial validation success at certain voltage 3 iasi i
Langmuir Probe (1., T., EEDF) conditions. e o B s
Emission Spectroscopy (n ) However, it will be necessary to understand where the discrepancies in Assel Lorgth tm) Result

i AT(4P) all other cases come from, and how to address them.
Absorption Spectroscopy (i, (m,»))
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Validation to date has been with Ar(4p) density

measurements as function of pressure, voltage Conclusion
Langmuir probe and absorption spectroscopy measurements
are in progress = A kinetic model for argon was developed to simulate a 1-D glow discharge in the 0.1-10 Torr pressure regime. The uncertainties for the inputs
(reaction rate coefficients and electron transport properties) were quantified and propagated through the model.
Pressure: = A glow discharge validation facility was developed with a range of optical, electrical and probe-based diagnostics
0.1 - 10 Torr * The model was validated with uncertainty against experimental observations. The agreement is good at the higher-pressure case, but some
discrepancies are noticeable at lower pressures, which will need to be addressed.
Voltage:
0 - 500V
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PARLA: Heterogenous Tasking in Python ODEN (@) e

WILLIAM RUYS, HOCHAN LEE, YINENG YAN, BOZHI YU

Parla is a Python library for task based parallel programming that aims to make
coordinating heterogenous systems simple, portable, & performant.

*Updates:
* Runtime optimizations (alleviate GIL contention)
* Adding multi-gpu tasks and function variants
* Distributed Arrays (CrossPy)
* Refactoring for future extensions in Task Mapping
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