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The purpose of the given work is construction of physical and mathematical models for transversal discharge in a supersonic gas flow. Experiments [1-6] have shown that the discharge consist of two plasma wakes, formed accordingly behind the cathode and the anode, providing DC current through plasma. Discharge development leads to discharge stretching, accompanying with increase in its voltage, and a subsequent breakdown of gas between plasma wakes. Work [7] is devoted to discharge simulation in the model, which are not taking into account neutral gas heating.

But one of the problems of the discharge at a high pressure is definition of space area in which the energy transfer takes place, because its size determines the speed of gas heating and the parameters of plasma available in a positive column to the end of heating. According to [3], the gas temperature in plasma wakes lies in region from 100( up to 300(C, while experiments [6] testify to the essentially greater heating – up to 1500( – 2500(K. 

The discharge mathematical model is based on the equations of hydrodynamics for electrons, ions and neutral gas and quasi stationary Maxwell equation for the field.

It is shown, that the area of energy, transferred to neutral gas, essentially depends on conditions of initial gas breakdown, including internal resistance of the generator. In particular, the area of gas heating at initial breakdown can act as the initial fluctuation resulting in heat instability development. This instability during discharge evolution can result in 3-5 multiple reduction of the cross-section size of a positive column with corresponding increase in gas heating.

It is shown, that the curvature of the discharge form leads to various speeds of plasma boundary movement relative to gas stream, therefore the cross-section of the discharge appears slightly extended in a plane of neutral velocity. The increase in discharge area results in reduction of gas temperature.

The analysis of threshold fields and conditions of heat instability development in the discharge is carried out. Similar conditions can take place in the discharge in other gases, including mixes of hydrocarbons with air. Analytical calculations are confirmed with numerical simulation of the discharge characteristics.

The suggested model allows predicting the characteristic of the discharge in transversal gas flow with good accuracy. The given type of the discharge can be used as an effective source of plasma for ignition a gas-fuel mixture in a supersonic gas stream.
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