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Size Dependence of Freezing Time of a Water Droplet
Evaporatively Cooled in a Vacuum
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[ Abstract] We measured freezing time of a droplet of pure water in a vacuum by laser
depolarization measurement. The freezing was found to proceed rather rapidly within 1 ms, as
measured by the frozen fraction as a function of time (a freezing curve). The freezing time was
delayed by 3 ms, as the droplet size became larger from 49 to 71 pm. The cooling curve, calculated
by the Knudsen theory taking into account evaporative cooling (the thermal energy lost during
evaporation) revealed that the droplets were frozen at 233—-235 K regardless of the droplet size. The
freezing curve for each droplet size was well reproduced by the numerical simulation, which
employed the temperature dependence of the volume-based homogeneous ice nucleation rate reported
previously. We concluded that the freezing time of the droplets is dominated by the cooling time to
reach the temperature range (233-235 K) for freezing.
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Figure 1. Laser depolarization measurement.
The polarization plane of the linearly polarized
laser is parallel to the incidence plane. The
light scattered at the surface of a “liquid”
droplet is not depolarized, and is attenuated by a
polarizing filter (a). However, the light
scattered at the surface of a “frozen” droplet is
depolarized, which is transmitted through the
filter (b).
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Figure 2. The freezing curves (closed markers)
and the cooling curves (broken lines) of the
droplets in a vacuum. The color corresponds
to the diameter of the droplet; red is 49 um,
yellow 58 pum, green 60 pum, blue 66 pm, and
purple 71 um. The freezing curves were well
reproduced by the numerical simulation (solid
lines), which employed the temperature
dependence of the volume-based homogeneous
ice nucleation rate reported previously [3].
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