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Investigation on acquisition schemes of cryogenic propellant

subcooling for long-term on-orbit storage
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Abstract; Increasing cryogenic propellant subcooling remarkably benefits the long-term
on-orbit storage of cryogenic fuels. Literature research and theoretical analysis were conduc-
ted to study the working processes and research status for four subcooling schemes, and
their advantages and disadvantages were also analyzed. On this basis, a research approach in
this field was proposed for guiding the domestic researches. Several valuable conclusions
were drawn as follows: (1) Based on the cost consideration, an operating procedure for sub-
cooling operation after fuel filling process is suggested and the subcooling equipment should
be located close to the target tank. (2) A liquid nitrogen pool boiling can be used to cool the
cryogenic liquid oxygen and liquid methane. (3) Helium injection approach is only suggested
to cool the small-scale liquid hydrogen since it costs massive helium gas. (4) Due to excel-
lent characteristics including less total weight and energy input, thermodynamic cryogen
subcooler (TCS) approach has a better application prospect in liquid hydrogen subcooling ob-
tainment. This research provides a reference for the domestic researches of cryogenic propel-

lant subcooling.
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Table 1 Properties comparison for three liquid propellants ( p=0. 1 MPa)
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Table 2 Benefits of storage duration for three

subcooled propellants
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Fig.1 Schematic of circulating loop subcooling with

shell and tube heat exchanger
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Fig. 2 Schematic of thermodynamic vent system
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Fig. 3 Schematic of thermodynamic cryogen subcooler
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Table 3 Influence of helium injection temperature on temperature drop of cryogenic fluids

TJ% MRERE/K  AREE/K O TWRRE/s ATHRE/K BHREEER/ (g/s) A FER ke

295 2100 76. 5 15 31.5
WA 78 150 2100 75 20 42

100 3000 72 25 75

295 3200 86 15 48
&= 90 150 4000 79.5 20 80

100 4000 75 25 100

295 1050 20. 1 30 31.5
L& 20. 3 150 1200 19.7 35 42

100 1350 19. 2 40 54




2800 o= & o % M

%30 %

R4 4MREEEN TS ERNA R EREIT L

Table 4 Comparison of characteristics for four subcooling approaches
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