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Abstract

Arcjet thrusters are electrically powered rockets used for satellite or space vehicle propulsion. The
benefit of these thrusters over conventional chemical rockets is the higher exhaust velocity, which translates
into less propellant mass required for a given impulse. At present, commercial arcjets are being employed
for the purpose of orbital control onboard the Telstar IV and the soon-to-be-launched AMSAT P3-D
satellites. With the increasing desire to reduce satellite launch costs and space probe mission costs, arcjets
are destined to become one of a number of standard electric propulsion thrusters for satellite station-keeping
roles, and have been proposed for other propulsion applications such as longitude correction and LEO to
GEO transfer. With such a potential range of applications, there is a desire to increase both thermal
efficiency and exhaust velocity of these devices, as well as broaden the thrust range. Improvements in
arcjet design and development will depend to a great extent on a better understanding of the plasma and
gasdynamic processes occurring in the arcjet nozzle. Much of this understanding will arise through the use
of numerical modeling; however as arcjet models are presently in a developmental stage, there is a
considerable need to validate the models by experimentation, primarily through optical measurements of

plasma properties.

This thesis presents emission and laser-induced fluorescence spectroscopic analyses of hydrogen
arcjets for model validation. An optical diagnostic of the plasma emission emanating from the arcjet along
its central axis yielded electron number density in the near-cathode region, as well as cathode temperature.
These measurements are of considerable importance to the validation of arcjet models since the cathode
surface forms a crucial boundary of the modeling domain. Measurements of this type were performed on
three different arcjets whose nominal power levels varied from 1 kW to 26 kW. A second emission study
was undertaken to measure plasma properties at the opposite domain boundary, namely the arcjet exit plane.
Spatially-resolved measurements of atomic hydrogen and electron temperatures, and excited-state hydrogen
and electron number densities on a 1-kW arcjet were obtained and compared to modeling results. This
boundary is also of great significance as the performance and efficiency of the thruster is determined by the
state of the exhausting plasma. Finally, plasma properties within the expansion region of the nozzle were
measured using laser-induced fluorescence spectroscopy of the Balmer-alpha transition of atomic hydrogen.
Measurements of axial velocity, translational temperature and electron number density were obtained in a
1-kW arcjet operating on hydrogen and simulated-hydrazine propellants, and the results are compared to an
arcjet model. With the exception of the electron density measurements, all the results are in very good
agreement with a recently developed arcjet model, demonstrating the capacity and potential of the

numerical model.
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