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Abstract In order to study the effects of residual gravitational acceleration ¢ on the flow, phase dis-
tribution, temperature distribution, and pressure distribution of liquid nitrogen tank during self-pressur-
ization, the self-pressurization process of liquid nitrogen tank under different g was numerically simulat-
ed by the Volume-of-Fluid (VOF) method. The results show that under the condition of large g, the flu-

id pressure in the tank increases gradually along the direction of residual gravity, and the temperature of

* [EZR AP RBIIE (11532015), HEIEAZS (8] 23 [E] 25 A AR SRR LR H (TGMTYY14019-1)
FAS B eI AR BRI SE T H (YYWTO0601EXP1901), HF-ERgk AFTR B HAETE (Y935011041), T ERABE
FE BRI AN S0 (115111KYSB20200008) [ % Bl

2023-10-10 Y B 5, 2024-02-01 Y& E

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.11728/cjss2024.05.2023-0111
https://doi.org/10.11728/cjss2024.05.2023-0111
https://doi.org/10.11728/cjss2024.05.2023-0111

=

LA

B REN TIRER AR @R BB

the ullage in the tank increases with the continuous heat leakage of the tank wall, and the gas tempera-
ture near the wall is the highest, and the gas temperature near the liquid is the lowest, while the temper-
ature in the liquid bulk zone of the tank changes little with time. With the decrease of g, the liquid in
the tank is more likely to climb along the wall of the tank with better infiltration, and the temperature
difference of the fluid in the tank is gradually reduced. In the case of small g, after the fluid flow in the
tank is stable, the ullage will be wrapped in the middle of the tank, forming a spherical bubble. The dif-
ference of the fluid temperature in the tank gradually increases and then decreases with time. In zero
gravity environment, the presence or absence of heat leakage (¢, = 0.5 W~m72) on the tank wall has no
significant influence on the fluid movement and phase distribution in the tank, and within the initial
time interval At (0 < Aty < 40 s), the influence of the presence or absence of ¢, on the temperature
distribution of the fluid in the tank also is not significant except near the wall of the tank. Numerical

simulation results are expected to provide references to further study the on-orbit pressure control tech-
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nique of cryogenic liquid tanks and space cryogenic fluid management.
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Table 1 Saturated physical property parameters of liquid nitrogen under 1 atm
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Table 2 Initial boundary conditions for the self-pressurization simulation of NASA’s
normal-temperature fluid PnP tank
Variable Physical significance Experimental value
po / Pa Initial pressure of normal-temperature fluid PnP 120859
T,0/ K Initial temperature of the ullage 307
Tio/ K Initial temperature of normal-temperature fluid PnP 307
fo /(%) Initial volume filling ratio of normal-temperature fluid PnP 80.82
9 /(ms 2) Residual gravitational acceleration 5%10°
@/ (W'mi‘z) Average heat leakage density of tank wall in the heating zone 0.5
4w / (W'm:z) Average heat leakage density of tank wall out of the heating zone 0
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experimental results of temperature of the liquid zone

Comparison between simulated results and

near the heating zone in NASA’s normal temperature

fluid PnP tank during self-pressurization
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