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Summary

The author developed a new type of recording device with which the freezing
velocity and the depth of frozen ground can be determined directly from an increase
in volume caused by freezing process from water to ice in a plastic pipe (Fig. 1-c, 2
and 6). The main parts of this device were composed of four elements: (1) a trans-
parent plastic pipe filled with water (the top part of Fig. 1-c), in which an ice stick is
formed when the ground is frozen, (2) a syringe needle which serves as a vent, and is
used in obtaining almost uniform-weight water droplets out the increased quantity
because of the volume increase due to freezing of water in the pipe (Fig. 3-@ ®), (3)
two droplets-capturing electrodes, the one connected to an emitter pin and the other
to a collector pin of a transistor (Fig. 3-@), and (4) a recording unit (Figs 5 and 6).
A whole set of instruments needed for measurement in the field excepting the recording
unit is shown in the schematic sketch of Fig. 2.

The depth of frozen ground (D) and freezing velocity (v) are recorded as a dotted
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line on the chart (Fig. 6-@), and they are expressed by the following theoretical

equations respectively :

:..___mo—.NEk

D=4 =3 N
_ AN &

VERTG T AN

Where pw and p; are respectively the density of water and ice, S is the cross section
area of the upper side of the pipe, and m, the weight of a droplet, N is the number
of falling water droplets. The coefficient 2 is called “Freezing Velocity Coefficient”.
The calculated and observed values of %2 were 0.337 and 0.37 mm per droplet respec-
tively. The observed results of are listed in Fig. 7 and Table 2.

The new device has made it possible to tell directly the depth of frost penetration
with the aid of relation D=0.37 N mm, and if N is the whole number of falling drop-
lets from the beginning of a freezing period, D gives the depth, and assuming N to
be represented by a number of captured droplets a day, the above expression means
the mean daily speed of frost penetration (Fig. 8). As the dropping time interval 4ty
between N-1th and Nth is inversely proportional to the freezing velocity, the mean
velocity can be expressed as vy=£k/dty. By using the relation it was made known that
the daily amplitude of freezing velocity decreased exponentially with the increasing
depth of frozen ground, and observed results gave the following experimetnal relation,

vy = 3.0 exp (—0.075 D),

where v, (mm/h) is the daily amplitude, D(cm) the depth of frozen ground (Fig. 9
and 10). .

Most of the present work based on the new recording device was done during
the freezing season of 1975 to 1976 at Tomakomai in Hokkaido.



