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Research and Development of High-Power Steady-State Radiation-Cooled
MPD Thrusters with Hollow Cathodes and Permanent magnets
for Manned Mars Exploration.
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Abstract

At Osaka Institute of Technology, high power steady-state MPD thrusters for manned Mars explorations have been investigated.
Firstly, a water-cooled MPD thruster with both rod cathodes and hollow cathodes was developed and tested. A thrust of 21.4mN, a
specific impulse of 2,907s and a thrust efficiency of 4.92% was obtained with hydrogen propellant. In order to achieve a higher
thrust, an anode with a diameter of 2mm was mounted on the thruster. It achieved a higher thrust of 477mN with ammonia
propellant. Secondly, hollow cathodes made of carbon were designed and tested using the water-cooled MPD thruster. It was found
that the carbon was not suitable for electrodes. Therefore, hollow cathodes made pure tungsten was designed. Finally, a rod cathode
and a single hollow cathode were operated for 60 minutes and 20 minutes, respectively. As a result, an erosion rate with the rod
cathode was much lower than with a single hollow cathode. In order to lower the erosion rate with a hollow cathodes, initial firing
time with a hollow cathode must be made shorter.
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Propellant NH;
Mass Flow Rate, mg/s 60
Magnetic Flux Density, T 0,0.157
Constrictor Diameter, mm 2.0,10.0
Material Pure Tungsten
Cathode Configuration Rod
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Constrictor Diameter, mm 2.0 10.0
Magnetic Flux Density, T 0 0.157 0 0.157
Discharge Current, A 138 135 131 140
Discharge Voltage, V 58 50 52 61
Thrust, mN 473 477 373 371
Input Power, kW 8.00 6.75 680 854
Specific Impulse, s 803 811 634 631
Thrust Efficiency, % 15.9 19.0 11.1 8.91
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Magnetic Flux Density, T 0.157
Discharge Current, A 70-150
Cathode Configuration Rod
Material Carbon
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Electrode Distance, mm 1 2 3 5 0
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