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Summary

It has long been believed that melting of ice and snow by frictional heat is the
primary cause of the very low friction of skates and skis; the melt water works as a
lubricant. But, since the melt water must be extremely small in amount even if it
exists, it would be extremely difficult to produce experimental evidence regarding its
presence’®. The present authors have attempted to accumulate melt water up to an
easily detectable amount by subjecting the same surface of ice to friction for a long
time. As a result the detection of melt water was found to be possible. However, in
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the case of skates or skis, the frictional surface of ice and snow is always renewed,
whereas the contact surface of skates and skis continue to encounter friction as long as
the skates or skis are in motion. Therefore, it was neccessary to show that the melting
began as soon as the experiment of melt water accumulation was started, because the
frictional surface of the ice used for the experiment would be new only for a short
period of the initial run. In order to cope with this the frictional force was continu-
ously recorded. The frictional force rapidly reached a constant value at the beginning
of friction and remained at this value to the end of the experiment. This is strong
evidence which substantiates the fact that the melting occurred during the initial short
period of the experiment; if a delay were caused in the melting, the frictional force
would have risen to a high value at the beginning of the experiment and then gradually
decreased to a constant value.

The experimental apparatus is shown in the photograph of Fig. 1 of the text. In
this photograph, A is a curcular ring fashioned from a thick plate of acrylic acid resin,
22 cm in mean diameter with a bottom area of 173 cm? and B is an ice disc produced
by freezing distilled water. Ring A is free moving in the vertical direction but cannot
rotate. The ice plate B is frozen to an iron disc G which is turned at constant speeds
by an electric motor. When ring A is placed on the ice disc, it comes in contact with
ring A at a ring-shaped area and this area of ice is subjected to friction as long as the
ice disc is turned. Ring A is connected to supporter D above by means of a phosphor
bronze tube which is slightly twisted in proportion to the frictional force. The amount
of the twist is transformed into the intensity of an electric current which moves the
needle of an automatic recorder. Pressure at the ring-shaped contact area was varied
between 24 and 140 g/cm? by changing weight P. The experiments were conducted in
a cold room at temperatures ranging from —3 to —35°C.

The ice disc was turned at two speeds; high and low. In terms of the linear speed
of the frictional surface, the high speed was 10.5 m/sec and the low speed was 15.5cm/
sec. In the experiments at high speed, water droplets began to fly off the fringe of the
rotating ice disc 30~60 sec after the start of rotation. The droplets were produced even
at temperatures as low as —35°C. When the rotation was stopped, the fringe of the ice
plate was found to be covered with numerous short icicles radiating outward as seen in
the photograph of Fig. 3. In this photograph, A is the ring of acrylic acid resin lifted and
S is a portion of frictional area of the ice disc. Needless to say the icicles are the melt
water frozen before flying off the fringe of the ice disc. The icicles can also be seen in
the photograph of Fig. 1, which shows the state of the experimental apparatus after an
experiment at —20°C and at a pressure of 88 g/cm? was completed. In this experiment
the ring-shaped frictional area sank 2 mm in the ice in 10 minutes.

In the case of experiments at low speed, no water droplets were seen regardless of
the length of time of ice disc rotation. However, by direct observation of the frictional
surfaces through the tansparent ring of acrylic acid, melting was found to occur also in
this case. Simultaneously with the start of rotation of the ice disc, transparent spots of
a few millimeters in diameter were seen moving at the same speed as that of the ice
disc. Soon somewhat irregular outline spread out from the fringe of each transparent
spot, and moved with the spot slowly changing the form of the irregular outline. It is
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beyond doubt that the transparent spots were true contact areas and the figures sur-
rounding them were films of accumulated water which was forced out from the true
contact areas. The figures of water film decreased in size as the temperature of the
experiment was lowered, disappearing completely at —15°C.

Records of frictional force obtained in experiments at low and high speeds are
respectively shown in the above and lower halves of Fig. 2. Although the frictional
force fluctuates within a confined limit, its mean value is constant from the beginning
of the low speed experiment. In the case of the high speed experiment the frictional
force decreases during the first ten seconds. But the rate of decrease is so small that
the value at the beginning cannot be attributed to the absence of melt water.

From the experimental results described above and by the reasoning given in the
first paragraph of this summary, the authors are of the opinion that the presence of
water film on the surface of ice and snow being overrun by skates and skis can be
demonstrated.

In Fig. 4, the coefficient of friction is shown in relation to temperature. In the case
of low speed friction, the coefficient rises with the lowering temperature as shown by
curve A. This can be explained by the fact that the amount of melt water is small and
decreases with the decrease in temperature. Values of coefficient of high speed friction
are given by the dots plotted near the bottom of Fig.4. The melt water was sufficient
in amount down to the lowest temperature of the experiments and the coefficient of
friction was kept at low values throughout the whole range of temperature.

For the ice to be melted at the true contact areas, their temperature must be raised
to 0°C. It was shown by the theory of heat conduction that the temperature of the true
contact areas reaches 0°C in 0.01 sec after the start of the high speed experiments. The
water film filling the space between the frictional surfaces of ice and acrylic acid resin
in the high speed experiments was found by the use of hydrodynamics to be as thin as
10~50 microns.



