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Summary

Regelation is a well-known phenomenon showing that a weighted wire passes through
a block of ice at the melting point (a fast regelation mode). In most cases, however, a com-
parison of quantitative data based on the theory of pressure melting and refreezing with me-
asured data shows a large discrepancy between them. Meanwhile, it is also known that the
weighted wire passes through the ice block at markedly low velocities even at temperatures
which are lower than the melting point of ice (a slow regelation mode). The present experi-
ment was conducted to examine the mechanisms of the slow mode as well as a relation between
the two modes.

Motion of a weighted wire was measured in a box, which was kept at a constant tem-
perature within +£0.01°C, using the PID control unit at temperatures and pressures ranging
from 0 to —3°C and 3 to 70 bar respectively.

During an incremental increase in applied pressure from a lower pressure at temperatures
of ice below the melting point, the velocity of a wire increased abruptly by a factor of about
1000 times at a pressure close to the pressure-melting point. The measured transition pressure
between the slow and the much faster regelation mode agreed roughly with those ex:pected
from the Clausius-Clapeyron equation, suggesting that the fast regelation mode is strongly
associated with the pressure melting of ice. Our experiments also revealed that the transition
pressure between the two modes had only a small hysteresis; namely, the transition pressure
from the s'ow mode was slightly larger than when it was reversed.

In the slow regelation mode a microscopic observation of the trace in ice which was left
by the passing wire leads to classifying the behavior of the plane of passage into two types:
under lower pressures the trace was fully filled with clear ice; under pressures higher than
several tens of bars it had a large vapor cavity. The trace was much different from that in
the fast mode where the trace showed a large number of water bubbles or air bubbles or both.

Two different types of temperature dependence of the wire velocity were found in the
slow mode. For the temperature region below a temperature 2-—3 times lower than the
pressure-melting point in degrees Celsius the activation energy obtained was about 36 kcal/mol,
which is nearly equal to that for the creep of ice. On the contrary, in the temperature range
above it the velocity increased rapidly in compliance with the power law relationship. The
following two mechanisms are considered to be associated with the slow regelation mode from
these results.

The first mechanism is viscous flow of water in a liquid layer around the wire. It is
thought that a fairly thin “liquid-like” layer exists between the ice and the wire even at a
temperature lower than the pressure-melting point. The wire velocity limited by viscous resist-

ance to a shear flow is obtained as
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Vy(umfh) = 671m (%) 127 P =28x10° —‘;—(273.16 — Ty

where q is the radius of the wire and P the applied pressure. The second mechanism concerns
itself with the formation of a creep, which allows pressured ice to diffuse around the wire.

The velocity due to the creep of ice is

Ve(pm/h) =kaP?exp <— %r) = 2.1 x10%aP?exp <— 1%"‘,)

where Q. is the activation energy for the creep.
It was revealed under the conditions of slow regelation that a combination of the above
two mechanisms was capable of quantitatively explaining the effects of ice temperature, applied

pressure, and the size of a wire on regelation velocity.



