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Introduction Code implementation Input / Output

Predictive tools for non-equilibrium LoKI-B is a simulation tool, developed under MATLAB(R) with an ob- LoKI-B users must provide as input: the working conditions, the electron scattering
low-temperature plasmas should properly ject-oriented design, that describes the electron kinetics by solving the homo- cross sections (directly obtainable from the open-access platform LXCat [4]), some
describe the kinetics of electrons, which are geneous and stationary electron Boltzmann equation under the classical atomic and molecular data, and the populations of the different excited states present
responsible for inducing plasma reactivity. two-term approximation, for continuous or high-frequency applied electric in the gas mixture.

A_ MICroscopic descrlptlc-m 9]( the ellectron fields. !t mcluszles:. , , . _ On output, LoKI-B yields: the electron energy distribution function (EEDF) and
kinetics provides essential information for a) inelastic direct/stepwise and superelastic collisions with all types : : : : . :
_ _ L _ o e the corresponding first anisotropy, the electron macroscopic quantities (rate coeffi-
global / fluid models, such as electron of excited states (electronic, vibrational and rotational), with distributions de- . . . :
_ e _ _ _ _ cients and transport parameters) and a detailed description of the power density trans-
impact rate coeffiicients and macroscopic fined in a proper and user-friendly way; : -
, : : , _ ferred to the different electron collisional channels.
electron transport parameters. It also pro- b) the continuous approximation for rotations with a Chapman-Cowl-
vides the power transferred from the elec- ing corrective term, simplifying the handling of rotational inelastic/superelas- START T — 7 Input data
tric field to the different electron collisional tic collisions for some gases [2]; o \ A . Output data
channels. c) secondary electrons born in ionization events, allowing for an elec- | Gas pressure |
. ' ' ' i i Gas Temperature
Here, we focus on plasma-based environ- trorl densfcy spatl.al or tempor§| growth, with an energy sharlng“descrlbed by | Electronpdensit I
o . . a single differential cross section or one of the limiting cases “equal energy | Y |
mental and biological applications, which o T T | Reduced electric field |
: sharing” or “no energy sharing’; _
have recently attracted the interest of pure . _ _ _ | Gas mixture |
. . d) electron-electron collisions (impact upon the isotropic part only). . .
and applied research. In this context, we | Electron scattering cross sections |
have launched a research project for deliv- Alternatively, LoKI-B can consider a generalized prescribed EEDF, rang- s fanl -
ering a Klnetic Testbed for PLASMa Envi- ing in the limits of the Maxwellian and the Druyvestyen EEDFs.
ronmental and BIO'OgIC8|- Appllcatlgns We are currently engaging verification and validation procedures, to ¢
(KIT-PLASMEBA) [1] that includes a sim- . . . : :
_ _ _ ensure the quality of the tool and the results it provides, before its public re-
ulation tool, the LisbOn Kinetics (LoKI), EEDF

_ lease (late 2018) as an open-source tool. LoKI-B can be used as a stan- P densi

with a Boltzmann solver (LoKI-B). dalone tool. but it <0 b ! led t . olobal / fluid OWEr density
alone tool, but it can also be easily coupled to macroscopic global / flui Macroscopic electron quantities
models [3]. l
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Verification / benchmark tests (model gases) Validation (real atomic / molecular gases)

LoKI-B was verified using a model gas where the sole electron scattering mechanism are elastic collisions LoKI-B has been validated by performing swarm analysis, using complete sets of cross sections from
with neutrals, at constant momentum-transfer collision frequency. In this case, the analytical solution the IST-Lisbon database on LXCat [4].
of the electron Boltzmann equation is a Maxwellian EEDF at a know temperature. Good agreement
was obtained between the analytical / numerical results, the latter showing good scaling properties with
the number of energy steps, N.

Taking Argon as an example for an atomic gas, very good agreement was found between simulations
and measurements. In this case, we can also observe the effect on the results of the ionization model
considered in the simulations.
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LoKI-B was benchmarked against Bolsig+ [5], using a Reid’s ramp model gas. We have found a When molecular gases are considered, the populations of the internal states must be properly ac-
good agreement between both codes. For this same model gas, we can also see the effect of e-e colli- counted for. In Nitrogen, as an example for a molecular gas, we described rotational transitions with a
sions upon the EEDF. discrete description or a continuous operator with a Chapman-Cowling correction. Very good

agreement was found between both descriptions and with measurements. In this case, we have also ana-
g P
T 10° —————m 10° lysed the fractional power transferred to the different electron gain / loss energy channels.
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Validation (gas mixtures)

Conclusions

The flexibility of LoKI-B has been tested with simulations for different gas mixtures. We have performed a swarm
analysis for dry air (80% N, - 20% O,), monitored the effect upon the EEDF of including vibrational distributions for
N, and O,, and analysed the influence in results of considering different admixtures of dry air in a pure Ar plasma.

LoKI-B is a user-friendly, scalable and upgradable open-source tool, that enable researchers
to easily study the electron kinetics for any gas mixture. This work discussed its current
status of development, presenting basic structure, evidencing functionality and introducing test

Simulation: :ﬁ::ggﬂif’:%\f’: . cases along with first results of benchmarking. LoKI-B development will continue focusing on
Dry air 300 K ——100% N, : its graphical user interface and on the introduction of verification and validation procedures.
10} . ——50%N,-50% O, : The tool will be publicly released by the end of 2018.
—_ . ——100% O, .
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