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Operational Characteristics and Performance Enhancement of
DC Arcjet Thrusters -Use of Carbon Dioxide, Methane, Ammonia, Hydrogen,
Helium, Air and Ice/Water etc. in Planets and Satellites in the Solar System
to Propellants-
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Abstract

The direct-current (DC) arcjet thruster is one of electric propulsion for satellite attitude control and orbital transfer. Hydrazine is
mainly used as the propellant because it can be used together with chemical thrusters. In this study, performance characteristics of a
low-power (0.1-2.0 kW) anode-radiation-cooled arcjet thruster were measured using special gases of carbon dioxide, methane,
ammonia and water as original materials in planets and satellites in the Solar System; that is, propellant can be supplied just on the
planets and satellites of Moon, Mars and Jupiter Moons, although light gases of hydrazine and hydrogen are normally used with
higher performance; argon and nitrogen are also used in basic experiments. Because the performances with carbon dioxide and
methane were lower than that with the light gas of ammonia, the structure and operational condition should be examined to design a
thruster suitable with acceptable performance for transportation in the Solar System. As for water propellant, steady-state operation
was achieved with stable supply of vapor using a metal glow-plug heater or a new water-vaporing system, which was developed
with a long, narrow passage and a large sheet-type heater.
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Ar N2 CO. NH3 CHas
Atomic weight | 39.9 14.0 44.0 17.0 16.0
Molecular 39.9 28.0 44.0 17.0 16.0
weight
Binding — 160 283 390 416
energy(kJ/mol)
Density, 1.313 | 0.887 14 054 | 0528
kg/m?
(100°C)
Specific heat, 519 1043 921 2240 2449
J(kg - C)
Thermal 0.02 0.03 0.02 0.03 0.05
conductivity,
W/(m - K)
(100°C)
Specific 1.38 0.97 1.53 0.59 0.55
gravity
(Air=1)
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Ar N» CH4 COq NH;3;

Flow Rate, mg/s | 200 200 100 200 150

Input Power, W 312 | 1520 | 1320 | 1482 | 1425

Maximum Thrust, 176 338 201 331 405
mN

Flow Rate, mg/s | 100 150 100 | 150 100

Input Power, W 135 | 1440 | 1320 | 1520 | 770

Maximum Specific | 105 179 205 191 208

Impulse, s

Thrust 12 9 6 14 14
Efficiency, %
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