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Design of Hybrid Microthruster using Powder Fuel
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Abstract: This paper describes the design of a hybrid microthruster using powder as a fuel. Conventional hybrid rocket

engines have relatively high safety because oxidizer and fuel separately stored, and the use of flow rate adjustment enables

variable thrust and interruption of thrust production. The storage and supply systems are simpler than those of the liquid

propellant thruster. However, hybrid rocket engines yield relatively low specific impulse because the increase in mass flow

rate of fuel due to fuel regression varied oxidizer to fuel ratio from the optimum value to deteriorate specific impulse. Hence,

we propose to use powder as a fuel for hybrid microthruster. In the thruster, fuel powder is fed to the combustion chamber at

a constant rate with the feeder. The design allows O/F to be maintained at the optimum value during firing. We prototyped and

tested a 0.4-N class powder fuel hybrid microthruster. PMMA powders of 30 um in diameter were used as a fuel, and nitrous

oxide (N20) is used as an oxidizer. In firing test, the prototype thruster maintained combustion during propellant feeding, and

yielded characteristic velocity efficiency (C* efficiency) of 84 %.
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Design thrust, N 0.4
Design combustion chamber pressure, MPa 0.4
Powder fuel flow rate, mg/s 50
Oxidizer flow rate, mg/s 155
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Carrier gas flow rate, mg/s 30
Discharge voltage of the ignitor, kV 10
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