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Numerical analysis of the non-steady discharge characteristics in the plasmatron channel 
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Subject of the investigation is the non-steady atmospheric pressure discharge in the channel of the plasmatron operating at low currents (till 1 A). Nowadays a great amount of papers exist giving up to the experimental investigation of the non-equilibrium discharges reviewing in [1]. Generally accepted approach to the non-equilibrium plasma modeling is the two-temperature approach when the plasma is considered as the medium consisting of the heavy particles with translational temperature and the electrons with electron temperature differs from the translational one. As the main channel of the electromagnetic field energy transfer in the molecular gases is the energy transfer through the vibrational degrees of freedom at this study the additional equation for the vibrational temperature for the whole of gas is introduced in addition to the equation for the neutral particles temperature and the electron temperature. On the basis of the three-temperature four-liquid  non-equilibrium air plasma model proposed the numerical investigation of the non-steady discharge behavior in the plasmatron channel (plasma igniter) operating at low currents is performed. The numerical model includes the electric potential equation, Navier-Stokes and Reynolds stress model equations, balance equations for the translational, electron and vibrational temperatures and the chemistry kinetics equations for the electron, vibrational-excited particles and negative ions concentrations. The plasma radiation and the pulsations of electromagnetic variables were neglected. The equations solution was realized by iteration method using low relaxation and procedure SIMPLE by through calculation when the calculation domain includes as the domain with plasma and neutral gas as the electrodes.  All the source terms in the transfer equations were linearized and divided on the implicit and explicit parts for the increasing of the solution stability and divergence rate. The calculation process was started from the calculation of the turbulent gas flow in the plasmatron channel in the absence of discharge; the discharge initiation was realized by the injection of electrons in the discharge zone. The results of the model testing are given in [3]. It has been obtained that the turbulent gas flow essentially affects on the discharge behavior causing the anode spot movement along the anode surface and the essential deviations of the electron and vibrational temperatures from the gas temperature and the non-isothermality level isn’t constant and changes with the gas consumption and the current density changing. The calculation results allow determining the main parameters of the turbulent flow and the heat transfer in the presence of the non-equilibrium plasma.
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