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Evaporation Calculation and Pressurization Process of on-Orbit
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Abstract: To investigate the on-orbit pressurization of cryogenic storage tank, the volume of fluid
method in FLUENT is chosen to simulate the AS-203 flight experimental liquid hydrogen tank.
Improving the original realizable k¢ turbulence model and comparing with the experiment data,
the modified model successfully predicts the on-orbit pressurization process of cryogenic liquid
hydrogen storage tank. Therefore the calibrated realizable k¢ model is adopted to research the
liquid hydrogen storage tanks on-orbit pressurization for 500 seconds. The calculation shows that
most of wall heat leakage increases the storage tank pressure, only a small part of external heat
leakage facilitates vapor-liquid phase change. The pressure increase rate of the liquid hydrogen
tank and the evaporation rate happened in the gas-liquid interfacial, for the effect of external heat
leakage, are about 49.6 Pa/s and 0.1016% /hour respectively. Natural convection still exists
under certain microgravity, and its intensity depends on the tank size and the external heat flux
density. The thermal stratification of vapor region is more obvious than liquid region in the whole
pressurization process. With the decreasing gravity level, the effects of surface tension are
gradually prominent, and the gas-liquid interface shape becomes curved surface.
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