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Liquid methane subcooling and filling process using

liquid nitrogen as cold source

CHEN Qiang, SUN Qingguo, WANG Tianxiang, LEI Gang,
LIU Yanyun, CHEN Hong, LI Zhaojian

(State Key Laboratory of Technology in Space Cryogenic Propellants,
Beijing Special Engineering Design and Research Institute, Beijing 100028, China)

Abstract: In response to the demand of commercial rocket companies for liquid methane
subcooling, methane filling systems were designed with liquid nitrogen used as the cold
source. Corresponding theoretical calculations under different methane filling flow rates and
different liquid nitrogen pressures were also carried out. Referring to the existing liquid oxy-
gen and kerosene filling system, two different control strategies for methane subcooling and
filling system were proposed to prevent liquid methane from condensing due to liquid nitro-
gen. Comparisons between the two systems were made. Six different processes realized by
the two systems were introduced and analyzed. Resut showed that, the filling system based
on back pressure control was more reliable than that based on liquid level control. At the
same time, the former could realize online real-time filling process, because it could ensure
that the liquid nitrogen temperature was always higher than the methane freezing point by
controlling the liquid nitrogen pressure in the heat exchanger. The heat exchange area of the
methane subcooler was proportional to the methane flow rate and the nitrogen pressure. In

the specific engineer implementation, the appropriate flow rate and liquid nitrogen pressure
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should be selected in order to reduce the subcooler size and equipment manufacturing costs.

Key words:

liquid methane; subcooling and filling; liquid nitrogen cold source;

filling flow rate; back pressure control
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Table 1 Physicochemical properties of common space fuels
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Il L 77 / MPa 1.25 2.17 4.63 5.26
/K <20.15 346. 65 85.15 258.15
Sh TR B /K 862. 15 1251.15
HRLE AR5 B/ % 18~59 5~15 2.5~78.5




958 fit =

I IS

%35 %

x2 ERMRESHFNASE R

Table 2 Theoretical specific impulse of common space propellant combination
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Fig.1 Schematic diagram of methane subcooling filling system based on liquid level control
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Fig. 2 Schematic diagram of methane subcooling filling system based on back pressure control
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Table 3 Characteristics and implementation of six kinds of subcooling and filling process
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Table 4 Saturation temperature corresponding to

saturated vapor pressure of liquid nitrogen

f A B2 /K f0 728 </ MPa
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75 0.08
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100 0.78
105 1.08
110 1.47
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