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Table 1. Tensile adhesive strength of dry snow onto various kinds
of materials (for different adhesion and sintering time)

T —10°C —5°C
. Tensile Tensile
Material te ts adhesive ta ts adhesive
strength strength
10 min 20 min 22.5 gw/cm? 10 min 10 min 40.0 gw/cm?
10 10 16.0
glass
5 10 8.2
30 30 ~80.0
5 20 12.2 10 10 29.0
cellulose acetate
30 30 23.8
10 20 23.0 10 10 5.5
aluminum
30 30 26.0
10 20 9.5 10 10 23.0
acryl (PMMA) 5 20 6.1
16 hours 57.0
N 30 30 5.4 10 10 5.0
silicone rubber
10 20 5.0
teflon 30 30 0 30 30 4}
vinyl 30 30 0 30 30 0

ta: Adhesion time ts: Sintering time
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Summary

With a view to snow accretion onto electric wires, running trains and automobiles, para-
bolic antennas and other structures, experimental studies were conducted on the microscopic
process of snow or ice adhesion as well as on the tensile adhesive strength of snow onto
various kinds of both hydrophilic and hydrophobic materials at temperatures below the melting
point of ice.

(1) Direct observation of ice bonds formed at the interface between ice particles and various
kinds of materials.

A number of ice particles were placed on the bottom of a shallow chamber, 75 mm X
25mm X 1.5mm in dimension, made of a transparent material such as glass, acryl (PMMA)
or ice. The chamber was then put upside down on a slide glass, which was placed on the
mechanical stage of a microscope as shown in Fig. 2. Focusing of the image at the interface
between the bottom surface of the chamber and the ice particles allowed real contact areas
between them to be easily observed throughout the experiment. Only several minutes after
the start of the experiment, mirror-like real contact areas appeared at some places in the
interface between the ice particles and the glass (or acryl or ice) plate and they grew with
time as illustrated in Figs. 4-A (ice-glass) and 4-B (ice-ice plate).

The mean diameter of each contact area, 2x, was measured for particles approximately

200 gm in diameter and plotted against time, #, as shown in Fig. 5, where R is the radius
of an ice particle. A linear relationship between log <%> and logt was found as seen in

the figure.

Since it was impossible to observe directly the real contact areas between ice particles
and opaque materials such as rubber, teflon, metals and some kinds of plastics, ice bonds at
the interface were laterally observed under a microscope.

Microphotographs taken successively of a contact region between snow particles and teflon
shown in Fig. 8 reveal that the ice bond has never grown at the interface between them
even though they were kept in contact for a long time. In contrast with teflon, a distinguished
growth of an ice bond was observed between snow particles and glass as seen in Fig. 9.

It was found that the growth rate of an ice bond formed on the interface between an

ice particle and a hydrophilic material such as glass was slightly larger than that found in
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case of ice sintering (Fig. 5), and that an ice bond never developed between an ice particle
and a hydrophobic material such as teflon.
(2) Tensile adhesive strengths of snow onto various kinds of materials.

Tensile adhesive strengths of dry snow onto various kinds of hydrophilic and hydrophobic
materials including aluminum, glass, cellulose acetate, acryl, silicone rubber, teflon, vinyl were
measured at the temperatures of —5°C and —10°C. The experimental apparatus is sche-
matically shown in Fig. 3.

The results obtained in the present experiment are tabulated in Table 1 for different
times of adhesion, and sintering, respectively denoted by #, and #, the latter representing the
aging time of a snow sample; i.e. the time from preparation of a snow column to the end
of an adhesion experiment. It should be noted that an adhesive strength of dry snow to
a specific material depends greatly not only on the ambient temperature and the time duration
¢y in contact with each other, but also on the sintering time ¢ of the snow sample.

Examinations of fracture planes revealed that a pure adhesive break never took place
in our experiments with the exceptions of teflon and vinyl; a cohesive break or a mixture
of cohesive and adhesive breaks occurred at or near the interface. It suggests that abhesion
or separation of a snow column from some other materials mainly occurs within the snow
sample, and that value of adhesive strength is a direct reflection of the tensile strength of
adherent snow itself when snow accreated onto hydrophilic materials such as glass.



