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Abstract: The roadmap for a preliminary study of a moderate-power (5-50 kW) arcjet
plasma torch, using analytical and numerical tools, following an extensive literature review,
is presented. The final aim of this study is the implementation of a prototype torch that will
be characterized experimentally. Possible applications include gasification, waste disposal
and material processing.
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I. Introduction

HE technology transfer from aerospace to terrestrial applications, and vice versa, has a long and fecund history,
dating back to the birth of aviation at the beginning of the twentieth century. Among more recent examples,
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arcjets for space propulsion, in particular, share most of their basic physics with plasma torches for industrial,
technological applications (such as gasification, waste disposal and material processing), and with devices used in
high-enthalpy wind tunnels".

The rapid economic growth and industrial development that Brazil has been experiencing in recent years has
created a demand for new, advanced technologies to satisfy the increasing energy needs. Plasma gasification, in
particular, has been deemed attractive, for its capacity to process various materials, such as biomass, waste and
petroleum coke efficiently and with minimum pollutant emissions, thus conforming to the increased levels of
environmental awareness.

In this paper, the roadmap is presented for a preliminary study of an arcjet plasma torch. After an extensive
review of the abundant literature existing on fundamentals, experimental results and practical issues of plasma torch
technology', analytical and numerical tools will be
used to reach the level of understanding of the
fundamental  operation  processes where a
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A. One-Dimensional Model of radius.

As a preliminary step, we have developed a
one-dimensional simulation of the discharge, using an approximation of the energy equation known as the Elenbaas-
Heller equation®, but without the usual assumption of negligible radiation losses:
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In Eq. (1) T is the temperature, r the radial coordinate, k(T) the thermal conductivity, R(T) the rate of energy loss
through electromagnetic radiation as a function of temperature, o(T) the electrical conductivity and E the electric
field. This simulation models an infinite, axisymmetric tube of argon plasma. In it, we used tabulated results for
argon electrical and thermal conductivities (Fig. 1) and calculated the rate of energy loss per unit volume trough the
electromagnetic radiation energy density:
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In Eq. (2) osg is the Stefan-Boltzmann constant and c is the vacuum light speed. Preliminary results for the radial
distributions of temperature and current density are shown in Figure 2. These results are in good qualitative
agreement with typical ones for this type of discharge.

I11. Conclusion

Plasma gasification has been deemed increasingly attractive, for its capacity to process various materials, such as
biomass, waste and petroleum coke efficiently and with minimum pollutant emissions, thus conforming to the
increased levels of environmental awareness. After a preliminary study, a plasma torch prototype will be developed
and tested, in order to characterize its operation and explore possible applications.

Acknowledgments

The Authors thank FAPDF (Foundation for the Support of Research of the Federal District — Brazil) for granting
the funding that allowed Prof. Paolo Gessini’s attendance and presentation of this paper at the 32™ International
Electric Propulsion Conference in Wiesbaden, Germany.

References

'Bugel, M., Reynier, P., and Smith, A., “Survey of European and Major ISC Facilities for Supporting Mars and Sample
Return Mission Aerothermodynamics and Tests Required for Thermal Protection System and Dynamic Stability,” International
Journal of Aerospace Engineering, Volume 2011 (2011), Article ID 937629, 2011.

2Solonenko, O. P. (ed.), Thermal Plasma Torches and Technologies, Cambridge International Science Publishing, Great
Abington, UK, 2003.

3Sankaran, K., Choueiri, E. Y., and Jardin, S. C., “Comparison of Simulated Magnetoplasmadynamic Thruster Flowfields to
Experimental Measurements,” Journal of Propulsion and Power, Vol. 21, No. 1, 2005.

“Fridman, A. A., and Kennedy, L. A., Plasma Physics and Engineering, Taylor & Francis, 2004.

3
The 32nd International Electric Propulsion Conference, Wiesbaden, Germany
September 11 — 15, 2011



