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FREELY LOCALIZED AND SURFACE MICROWAVE DISCHARGES IN HIGH-SPEED FLOWS
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The results of researches of low-temperature non-equilibrium plasmas of freely localized and surface microwave discharges are submitted in the report. 

The surface microwave discharge is shown to represent a thin plasma layer that uniformly covers the antenna surface. The peak pulse power necessary to excite the discharge in a range of air pressures from 10-3 to 103 torr is no higher than 100 kW. The discharge propagation velocity may be as high as 100 km/s. The breakdown wave defines the velocity of the discharge at its early stages. Ambipolar diffusion governs the discharge propagation at the stage of its evolution, and, finally, slow surface combustion is possible only at the stationary stage of the discharge. The electric field is localized in a thin (~1 mm) surface layer. High values of the reduced electric field, E/n = 100-500 Td, provide efficient energy deposition to the plasma, i.e., favor the rapid heating of the gas and the efficient generation of charged particles. It is shown that the gas temperature may rise to 1000-2000 K, rapidly increasing at the early stage of discharge evolution. 

Most of gas discharges are produced with the use of single- or multielectrode energy supply systems. From the practical standpoint, such systems are poorly suited to remotely control plasma production in a certain spatial region. Electrodeless systems in which freely localized discharges are produced using focused microwave beams are best suited for this purpose. In a freely localized discharge, the electric field is localized in the waist region of a focused microwave beam. Gas breakdown in a microwave discharge occurs over a time that is shorter than the time during which the gas propagates through the discharge; therefore, the discharge is not blown off by the supersonic flow. 
The ignition of supersonic flow of a propane-air mixture with use of freely localized microwave discharge, surface microwave discharge, and combined microwave-direct current discharge was experimentally investigated. Combustion of a propane-air supersonic stream is realized under condition of the combined surface microwave and direct current discharge. The mathematical modelling of ignition of hydrocarbons-air mixtures at taking into account of influence of electric field on processes of dissociation molecules and creation of the active radicals, excited and charged particles under conditions of non-equilibrium plasma of the gas discharge has revealed strong influence of the reduced electric field on induction time. 
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