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The computational studies to optimize of the shape of the main elements of a radio-frequency ion thruster (RIT) - the discharge chamber
(DC) and the ion-extraction system (IES) grids, as well as to assess the possibility of further improving the integral characteristics by using
an additional magnetostatic field (MF) in the RF region discharge, were carried out using an engineering physical and mathematical model.
The calculations were carried out for one of the currently relevant standard sizes of thrusters with an ion beam diameter of 80 mm. The
results obtained in this work can be used to improve the existing RIT models, which will increase their energy efficiency.
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Main assumptions of the mathematical model:
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« the ions recombination in the volume of the DC is not taken into account;
* energy in plasma is transferred only due to mass transfer;

Magnetic field lines

R 4 - the condition of plasma quasi-neutrality is preserved in the entire DC volume;
Xenon jon - the behavior of electrons and ions is considered in the liquid macroscopic approximation;
Xenon atom o « the capacitive component of the discharge is not taken into account;
"'~~;'1$ « processes in the near-wall layer are not considered;
Xenon e » the electron energy distribution function corresponds to the Maxwellian.
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For the solution, the Nelder-Mead optimization method is used.

High-voltage power

supply unit
Initial data: Parameter Value
Ion beam diameter, cm 8
Xenon mass consumption - m; bropellant xenon
Current frequency on the RF antenna - fRF; Propellant Consumption, mg/s 0,3
Current strength on the RF antenna - I; RF power put into the discharge, W 75
The temperature of the surface of the DC inner wall - T,;  Current frequency on the RF antenna, MHz 2
Screen grid transparency — Ogg; Screen grid transparency 0,7
Accelerator grid transparency — 0. Accelerator grid transparency 0,4
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1.As a result of the theoretical studies carried out for RIT with a beam diameter of 80 mm, the optimal shapes of the DC and IES grids were determined. According to the
calculations for this standard size of the RIT, the DC relative height is 0.65 and the relative deflection of the IES grids is 0.125. The expected increase in thrust with this
configuration reaches 5.2%.

2.The study of the effect of an additional magnetostatic field in the region of the RF discharge on the RIT integral characteristics showed that the greatest increase in
thrust, which reaches 6.2%, can be obtained when using the field configuration with the lowest radial induction gradient in the DC (winding configuration No. 3).

3.According to preliminary estimates, the use of the proposed methods for improving the RIT efficiency can increase the thrust by almost 12% in total compared to the
traditional thrust configuration with a hemispherical DC and flat IES grids.



