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Modeling and analysis of non-isothermal of droplet flash evaporation

in vacuum environment
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China Aerospace Science and Technology Corporation, Xi’an 710100, China)

Abstract: To reveal the mechanism of droplet flash evaporation in vacuum in depth, a
complete non-isothermal model for heat and mass transfer was established. The variation of
temperature field and droplet radius was solved exactly, and the accurate position of solid-
liquid interface in freezing stage was tracked in real time. Based on the experimental study,
the change of droplet shape before and after phase change was observed, and the numerical
model was validated to accurately predict the basic features of the process. The effects of ini-
tial radius, initial temperature, vacuum pressure and subcooling degree on flash evaporation
were studied. Results showed that the vacuum pressure was the major factor in the whole
process which would affect the final equilibrium temperature. The initial radius mainly af-
fected the precooling and freezing time, while the initial temperature and subcooling degree

only affected the precooling time.

Key words: flash evaporation; non-isothermal; heat and mass transfer;

moving phase change interface; parametric effect
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Fig. 1 Temperature distribution of particle at the

end of recalescence stage
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droplet flash evaporation
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during precooling stage of particle
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Table 1 Influence of initial radius on radius ratio at the

end of precooling stage and freezing stage

R/ %
ro/mm A I B y N L
TRV B B VR4 [ Bt
0.5 98. 62 94.75
1.0 98. 65 94.70
1.5 98. 69 94. 68
2.0 98. 72 94. 66
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Fig. 12 Influence of initial temperature on

boundary temperature
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Table 2 Influence of initial temperature on radius ratio at

the end of precooling stage and freezing stage

T, /K : *@:th/%‘ A

L B B R B
278.15 98. 90 95.01
283.15 98.62 94.75
288.15 98. 34 94.48
293.15 98.06 94.21
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Fig. 13 Influence of vacuum pressure on

boundary temperature
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Table 3 Influence of vacuum pressure on radius ratio at

the end of precooling stage and freezing stage

A2/ %
p./Pa
T o B TR 45 B B
20 98.63 94.73
50 98.62 94.75
100 98. 60 94. 77
150 98.58 94.79
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boundary temperature
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Table 4 Influence of subcooling degree on radius ratio at

the end of precooling stage and freezing stage

AT/K AR/
ve B B R b B
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20 98. 31 94. 64
25 97.97 94. 54
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