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Abstract Modern technologies based on low-temperature plasma, have been widely adopted, especially in
materials processing and electric propulsion. Besides, as a complex physicochemical process interrelated with
fluid mechanics, heat transfer, chemical kinetics, plasma physics, and electromagnetic theory, researches on
plasma flow require more multidisciplinary knowledge. Thus, to investigate the characteristics of flow and
discharge for low temperature plasma, not only lays on broad industrial applications, but also has great
academic value. This paper work consists of two parts. First, conservation equations of non-equilibrium plasma
flow deduced from Boltzmann equation reveal the influencing factors for plasma flow from the most bases.
These equations include energy conservation equations for electrons and heavy particles, transport equations for
each chemical component and Maxwell equations coupled with NS equations. Then, based on SIMPLEC
algorithm, a three-dimensional argon (Ar) arc burning at atmospheric pressure has been simulated using the
model equations derived above. The results have been compared to that of thermodynamic equilibrium
calculations. It shows that electronic and heavy particles approach thermodynamic equilibrium in the center of
the arc column, but the thermal non-equilibrium effects become gradually significant when getting closer to the

electrode. Additionally, the present results agree well with experimental emission spectra.
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