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Thermal Dynamics on Liquid Discharge into Vacuum Environment
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Abstract Thermal dynamics of liquid discharge into a vacuum environment are studied experimen-
tally, particularly focusing upon the phenomenon of liquid flashing jet near the exit of the discharge
pipe. Transition conditions among three different kinds of jet patterns, namely continuous liquid jet,
partially flashing liquid jet, and completely flashing liquid jet, are analyzed and discussed in detail.
It’s found
that the Cleary model, based on the mechanism of bubble growth, will underestimate the required

The present experimental data are compared with common-used mechanistic models.

superheat and then make an earlier forecast of the occurrence of liquid flashing jet. On the other
hand, the Lamanna model, based on the mechanism of nucleation, will overestimate the required
chemical potential difference and then predict a later occurrence of liquid flashing jet comparing with
the experimental observation. The influence of the flow choking behavior caused by liquid flashing
on the discharge flow rate depends on the initial undercooling Rpg = Py/Psat(T0). Unless Rpy is far
greater than 1, the influence of flashing must be considered. Comparing with the prediction of the
incompressible model, the actual discharge flow rate will decrease.
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Fig. 1 Typical patterns of liquid jet into vacuum near the exit
of the discharge pipe. (a) continuous liquid jet, (b) partially
flashing liquid jet, and (c) completely flashing liquid jet
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Fig. 2 Jet pattern map based on the Cleary model
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Fig. 3 Jet pattern map based on the Lamanna model
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