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The method for calculating the strength of the intrinsic electric field in a supersonic flow of partially ionized plasma in a channel with variable cross section is presented. The mathematical model uses the energy equation with source terms that describe the volumetric electric charge in the combustion products and the energy exchange of electrons and «heavy» particles (ions and electrically neutral molecules). The nozzle of the model liquid-propellant rocket engine (MLRE) [1] with a supersonic flow velocity at the outlet corresponding to the Mach number equal to 3 (Figure 1) was considered as a channel of variable cross-section. The distributions of the gas-dynamic parameters of the combustion products flow (pressure, temperature, velocity, etc.) were determined by solving the Navier-Stokes equations in the Ansys Fluent program with a k-ε turbulence model. The volumetric concentrations of charged particles (positively and negatively charged ions and electrons) in the combustion products were determined from the condition of thermodynamic equilibrium in the Terra program [2].
As a result of modeling, the distribution of the electric field strength along the axis of the nozzle in the plasma of combustion products liquid oxygen + kerosene was obtained (Figure 2). 
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	Figure 1 - Mach number
	Figure 2 - Electric field strength 


Under the conditions of a grounded MLRE, determination of the concentration of free electrons in the combustion products under the assumption of thermodynamic equilibrium and determination of the electrical conductivity coefficient under the assumption of neutral plasma [3], the maximum current density on the wall of the chamber under study was up to 200 mA/m2 with the conductivity of the combustion products 4×10-3 Ohm-1×m-1, which corresponds to a maximum electric field strength of 50 V/m. The obtained results were compared in terms of the current value with the experimental data [4]. The results of mathematical modeling can be used in the development of a contactless system for diagnostics of the working process in a liquid-propellant engine.
This work was supported by Project No. 0705-2020-0044 of fundamental scientific research of Russian Federation Ministry of Education and Science.
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