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Summary

Restitution coefficients of spherical particles were determined on a flat ice surface at —12°C
in the range of impact velocity from 40cm/s to 500 cm/s. Impact and rebound velocities
were obtained from an interval of two spots marked in a photograph of a moving particle
taken under a stroboscopic light (Figs. 1 and 2).

Subjected to measurements were ice, Teflon and glass spheres, their diameters rangihg
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from 2.4 mm to 7.8 mm. Ice particles were prepared by freezing of droplets of pure water
in liquid nitrogen.

It was found that restitution coefficients increased with decreasing velocity and had a
tendency to approach unity (Fig. 3). In general particles of larger Young’s modulus (glass)
had smaller values of restitution coefficient than those of smaller modulus (Teflon).

When the ice surface was roughened with a sheet of emery paper, restitution coefficients
became smaller comparing with those on a smooth surface (Figs. 4 and 5). The result suggests
that the deformation and fracture of fine irregularities on the ice surface caused loss of kinetic
energy of particles on bouncing.

A decrease in restitution coefficient was also found when the ice contained some amount
of NaCl impurity (Fig. 7). Its cause can be explained by a depression in mechanical strength
of ice and the possible existence of liquid solution on the ice surface.

A possible effect of a liquid film on restitution coefficient was checked by treating the
ice surface with etylene glycol, whereby restitution coefficients of Teflon spheres became smaller,
but those of glass spheres did not (Fig. 6).

The experimental result that the restitution coefficients were always smaller than unity
means that a fraction of kinetic energy of an impinging particle is lost on collision. Energy
losses due to three main probable causes were discussed, which are plastic deformation of the
ice surface, formation of cracks, and adhesive force working at the time of separation. The
three energy losses were estimated separately by using the observed diameters of indentation
on the ice surface and assuming shapes of cracks based on microscopic observations (Fig. 8).
The result of calculations showed that most effective to cause energy losses was the plastic
deformation of the ice resulting in creation of indentation marks on the ice surface (Fig. 12).
The sum of energy losses due to crack formation and adhesion was no more than a few

percents of the total losses of kinetic energy of particles.



