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Abstract Liquid Hydrogen plays a vital role in the future energy system as a space propellant, but it is sensitive to heat
leakage from the environment because of its low boiling point and easy evaporation. On the other hand the buoyancy
convection in the space microgravity environment is significantly reduced. When there is local heat leakage on the wall of
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the propellant tankemperature stratification arises around the heat leakage source causing local overheating. It seriously
affects the multiphase heat and mass transfer in the propellant tank which induces the tank pressure rise and jeopardi
the structural safety of the system. To prevent the tank pressure from rising above the design of limits, venting or active
pressure control techniques must be implemented. The cryogenic jet mixingffeetive means to suppress temperature
stratification. The cryogenic fluid is mixed with the fluid inside the tank through a jet nozzle to reduce the local high
temperature and achieve uniform temperature. In present paper, the thermal stratification phenomenon caused by the loc
heat leakage under microgravity condition was numerically simulated by using a fully filled two-dimensional large scale
tank model. This paper mainly analyzes the suppression and elimination of local thermal stratification caused by hea
leakage near the bottom of the storage tank and the outlet connecting section. The influelfieeenit diryogenic jet

mixing conditions on eliminating the temperature stratification effect is analyzed. The results show that the position of
jet nozzle has no obvious effect on the elimination of thermal stratification inside the tank when the circular jet nozzle is
used and the cryogenic jet condition is the same. When the jet nozzles are located in the same relative position inside th
tank and the incident flow rate is the same, the circular jet nozzles have more concentrated flow direction, the flow field
in the tank evolves faster, so the thermal stratification elimination effect is better than the hemispherical jet nozzles.

Key words zero gravity, cryogenic propellant, thermal destratification, cryogenic jet mixing
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Table 1 Thermal physical property values of liquid hydrogen

Thermophysical
P y . The value at 20K
characteristic
density p=711kgm?
dynamicviscosity u=13.6pPas

specific heat Cp = 9.53kJ(kg-K)
coefficient of thermal conductivity « = 0.098 W(m-K)
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Table 2 Details of computational cases

Cases Position of Radius of Incidence raté  Incident volume
jetnozzleH/cm  incident nozzle/cm (m-s flow/(dm® - s71)
C1 412.5 55 0.10 0.950
c2 330.0 55 0.10 0.950
C3 247.5 55 0.10 0.950
Cc4 165.0 55 0.10 0.950
H1 412.5 5.5 0.05 0.950
3.1 ERGTRAEHE 4 30d (2592 000 ) fift i P9 748 (Al S 37 70 A A kg

KSR T, RIS E  WIOTR IR (t = 0s). WilEl 4 Pros, ALK
FETWAWE T 32 20 o0 A, KBTS DU N IR AAGEE BRI REEE Py B DU A D O L T W PR EA
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Fig. 4 Isothermalsf the initial state{ = 0s) for the cryogenic jet
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