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Abstract; To improve the readiness level of deep subcooling technology for cryogenic propellants.,
and then sufficiently utilize the advantages of subcooled cryogenic propellants in industry
applications, such as reduced system weight and extended storage time, scheme comparison and
system design of deep subcooling are carried out at 70 K/97 K for combination of LO,/LCH,
cryogenic propellants, and a medium-scale experimental system for their rapid deep subcooling is
established to test and verify the feasibility. The results show that for medium and large scale
systems, the heat exchange method with an atmospheric and a subatmospheric liquid nitrogen
(LLN;) bath heat exchangers (cores of aluminum fin-plate type) is adopted for LLO, system while
the subcooling filling scheme with an atmospheric LN, bath tubular heat exchanger is adopted for
LCH, system. To meet the requirements for rapid subcooling and filling, the simultaneous
subcooling scheme is adopted for both LO, and LCH, systems. At the stable testing stage with a
filling flow rate of around 1. 0 L » s™', LO, in the LO, test system is cooled down from about 108

K at the inlet to around 88 K and below 70 K, respectively after flowing through the two heat
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exchangers, while for the LCH, test system, deep subcooling and rapid filling of 97 K LCH, is

also achieved. This successfully verifies the feasibility of the designed deep subcooling and filling

scheme. This study could provide theoretical and technical support for the future research and

engineering applications of subcooling cryogenic propellants in China.

Keywords: cryogenic propellants; liquid oxygen/liquid methane (LO,/LCH,); subcooling filling

scheme; heat exchanger with liquid nitrogen bath; deep subcooling
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Fig. 1 Corresponding relationships between saturation

temperature/pressure of liquid oxygen, liquid

methane and liquid nitrogen
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Fig. 4 Structural parameters of two liquid bath heat exchangers
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