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Abstract

When cryogenic liquid propellant does not have sufficient NPSP before re-ignition, inducers suffer from cavitation
instability, which causes degradation of pump performance and erosion. Conventionally, two steps are required to
secure the NPSP: propellant tank venting and pressurization with helium. Therefore, we proposed a novel method to
achieve required NPSP by directly subcooling the liquid propellant using a cooling system based on the Joule-
Thomson effect. In this study, experiments of the cooling system using Joule-Thomson orifices and a heat exchanger
were conducted with liquid nitrogen instead of actual propellant such as liquid hydrogen or oxygen. The cooling
performance was evaluated by changing the orifice diameter and the pressure upstream of the orifice. The result
confirmed that the degree of subcooling tended to be improved with decrease in the orifice diameter and upstream
pressure. An evaluation in case of liquid hydrogen tank based on the experimental result demonstrated that the
proposed subcooler was more efficient than the conventional methods especially in the case where the amount of
propellant remaining in the tank was small, i.e., in the latter half of a long-term mission.
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