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A Numerical Study on the Settlement Characteristics of
Slush Cryogenic Propellants in the Tank
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Abstract: To investigate the particle settlement behavior of slush cryogenic propellants during
storage process and address the supply issue caused by deposition during transportation to rocket
engines, the research on sedimentation characteristics of slush cryogenic propellants in the tank
was carried out. This numerical model utilizes the Euler-Euler method, considering the kinetic
particle theory, to simulate cryogenic solid-liquid two-phase flow and phase change heat transfer
of propellants. The study focuses on analyzing the flow field and deposition characteristics of
slush cryogenic propellants such as slush nitrogen, slush oxygen, and slush hydrogen within the
tank. This study examines the influence of various factors on the deposition and flow field charac-
teristics of cryogenic fluids, including different cryogenic propellants, particle sizes ranging from
0.02 to 0.5 mm, volume fraction of solid hydrogen ranging from 10% to 50% , and heat leakage

rate ranging from 50 to 200 W/m?. It is concluded that the deposition of slush cryogenic propel-
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lant is reduced when the solid particle size is smaller, the initial solid phase content is lower, and

there is less heat leakage at the wall. Additionally, slush fluids with higher solid-liquid density

exhibit a faster deposition rate. For a particle size of 0. 5 mm, the slurry nitrogen and slurry hy-

drogen phase interfaces display downward migration rates of 15. 62 mm/s and 12. 58 mm/s, re-

spectively, while the slush oxygen phase interface has a significant slower downward migration

rate of only 0. 12 mm/s. These findings shed light on the physical behaviors of slush cryogenic

propellants during storage process, providing valuable insights for the efficient storage and appli-

cation of slush cryogenic propellants.
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Table 1 Thermodynamic properties of slush cryogenic propellants
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