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Among the various types of electric propulsion, the Hall thruster type is becoming the most common. This is due
to the fact that the use of a Hall thruster makes it possible to obtain high values of the thruster characteristics with a simple
design compared to other types of space propulsion systems. For Hall electric propulsion thrusters, the main working
substance is xenon because of its fairly high atomic weight, low ionization energy, and unreactiveness, which makes it
possible to obtain high thruster characteristics with ease of operation. The use of xenon as a working substance features
a peculiarity involving its critical temperature (289.74 K), which gives rise to the liquid phase in the tank and, accordingly,
pressure jumps, thus making it impossible to use the xenon feed system. To exclude the ingress of the liquid phase of
xenon into the accumulator tank in electric propulsion systems, heaters are placed on the xenon tank to maintain its
temperature within a given range. However, this approach has the following disadvantages: the low thermal conductivity
of composite tanks impairs heater-to-xenon heat transfer; warming up the whole of the tank before starting the thruster
increases the thruster start-up preparation time; the continuous maintenance of the tank temperature increases energy
consumption by the propulsion system; and it is impractical to maintain the temperature of the whole of the xenon, while
only a few grams of it are consumed for one thruster start-up. The problem that was solved in this work consists in
changing the approach to heating the working substance that enters the feed system. The analysis of literary sources
showed that this problem is relevant and offers ways to improve existing methods. To solve this problem, theoretical
calculations were carried out and verified by experiment. As a result, a method was proposed to calculate the gasifier so
that it may maintain the temperature of the working substance entering the accumulator tank within the range from 293
K to 298 K, thus eliminating the possible ingress of the liquid phase of xenon into the accumulator tank of the feed system.
This study allows one to use the proposed structural element (gasifier) instead of tank heaters, which significantly reduces
power consumption and maintains the stable operation of the working substance feed system. The conclusions drawn
from the study may be useful to most developers of storage and feed systems for electric propulsion systems.

Keywords: working substance storage system, electric propulsion system, xenon, gasifier calculation method.

1. Chiasson T. M. Modeling the Characteristics of Propulsion Systems Providing Less Than 10 N Thrust.
2012. Thesis (S.M.)-Massachusetts Institute of Technology, Dept. of Aeronautics and Astronautics. URL:
https://dspace.mit.edu/handle/1721.1/76096 (Last accessed on August 10, 2023).

2. Tirila V.-G., Alain Demairé A., Charles N. Ryan. C. N. Review of alternative propellants in Hall thrusters.
Acta Astronautica 2023. V. 212. Pp. 284-306.
https://doi.org/10.1016/j.actaastro.2023.07.047

3. Fastovskyi V.H., Rovynskyi A.E., Petrovskyi Yu.V. Inert Gases. 2nd Edition. Atomyzdat, 1972. 352 pp.
(in Russian).

4. Lee, E., Lee, H., Moon, Y., Kang, S., Kim, Y., Jeong, Y., Yoon, H., Son, M., Amer Mohammad Al
Sayegh, Mar Luengo Cerrón. Development of robust and affordable xenon feed unit for hall effect
propulsion systems. Space Propulsion. 2018. SP2018_00007.
URL:https://www.researchgate.net/publication/325708264_Development_of_Robust_and_Affordable_Xeno
n_Feed_Unit_for_Hall_Effect_Propulsion_Systems (Last accessed on August 11, 2023).

5. Soria-Salinas A., Zorzano M.-P., Martín-Torres J., Sánchez-García-Casarrubios J., Pérez-Díaz J.-L., A.
Vakkada-Ramachandran A.. A xenon mass gauging through heat transfer modeling for electric propulsion
thrusters. International Journal of Mechanical, Aerospace, Industrial, Mechatronic and Manufacturing
Engineering. 2017. V. 11. No. 1, 2017. https://doi.org/10.5281/zenodo.1339694

6. Mikheiev M .A., Mikheieva I. M. Fundamentals of Heat Transfer. 2nd Edition. Moscow: Energia, 1977.
344 pp. (in Russian).



7. Bukhmirov V. V. Calculation of the Convection Heat Transfer Coefficient (Basic Criterion Equations).
Inanovo: Ivanovo State Power Engineering University, 2007. 35 pp. URL:
https://studfile.net/preview/6812651/ (Last accessed on August 11, 2023).

8. NIST Chemistry WebBook, SRD 69. URL: https://webbook.nist.gov (Last accessed on August 11, 2023).

Received on September 25, 2023,
in final form on October 5, 2023


