the release point. A much narrower avalanche set off by
A-2 traveled about 300 m.

A snow-pit observation at the release point of A-1 is
given in Figure 1, showing a surface layer of 120cm
thickness lying over the bottom layer, with a fragile layer
of solid-type depth hoar between. A shear test showed

that the snow layer was at the brink of fracture,
confirming that the avalanche was released at this fragile
layer.

Snow depth temperature and weather conditions prior
to the experiment favoured the formation of this fragile
layer.

Experiments on a snow-melting system using circulating
low-temperature fluid
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Faculty of Engineering, Hokkaido University, Sapporo 060, Japan

SUMMARY

The feasibility of a snow-melting system using low-
temperature fluid circulation was examined experimen-
tally.

First, the relationship between pipe embedded depth
(d) and pipe pitch (p) were examined by using the
steady-state line-source theory. Unevenness of heat flux
emitted from the slab surface is approximately 10% at
d/p of 0.48 and 20% at d/p of 0.38. The results of analysis
of dimensionless heat flow from pipe surface and
dimensionless pipe surface temperature showed that
recommended d/p is between 0.35 and 0.43 in the case
of 1.27 cm pipes and 150 mm pitch.

Two experimental slabs for snow melting were
constructed on the campus of Hokkaido University in
Sapporo. Slab A featured concrete for the surface layer
and the pipe-embedded layer, while slab B had asphalt
for the surface layer over sand and cement in the
embedded layer. Both utilized hot-fluid systems. 1.27 cm
plastic pipes were embedded in the slab at a depth of
60mm as dictated by the results of our theoretical
analysis. Pipe pitch was 150mm and the ratio of depth
to pitch (d/p) was 0.6.

The continuous experiment, in which low-tempera-
ture fluid at either 15°C or 10°C was circulated
continuously, was conducted 27 December 1991-17
January 1992. Figure 1 shows the percentages of time
during the total experiment in which surface temperature
was maintained above 0°C. With fluid constantly
circulated at 15° or 10°C, these values were about 98%
and 85%, respectively, in the case of slab A, and about
70% and 62%, respectively, in the case of slab B.

fluid Slab-A Slab-B U iier
temp | upper | center | upper | center |9k >
15C | 97.7% | 94.1% | 70.2% | 68.6% |Q

10C | 85.2% | 81.8% | 61.6% | 58.8% |pipe P

Fig. 1. Percentages of the time the surface temperature was
maintained above 0°C.
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Fig. 2. The relationship between the circulated-fluid

temperature and required surplus time satisfied the covered-
area ratio per daily precipitation under 0.05.

Therefore, a snow-melting system based on continuous
circulation of low-temperature fluid is feasible in the city
of Sapporo.

The intermittent experiment, in which fluid at 25°C
and 40°C was circulated intermittently, linked with a
snowfall catch sensor and a delay timer, ran 17 January—
23 March 1992. The snow-covered area ratio, (i.e. the
ratio of snow-covered area to total slab surface area at
2100h) was introduced to estimate the performance of
snow melting. These values were classified into ten stages
between 0.0 and 1.0 by photographs. Figure 2 shows the
relationship between circulated-fluid temperature and
required surplus circulating time after snowfall had
stopped when the covered-area ratio per daily amount
of precipitation was <0.05. In the case of concrete slabs,
a long surplus time is required to satisfy this condition
where fluid temperature is <30°C. However, if fluid
temperature is >35°C, no surplus time is required.
Therefore, 30°C is the minimum circulated-fluid tem-
perature to melt snow with a relatively high efficiency and
short surplus time. However, a fluid-temperature increase
of 5°C is required in the case of asphalt slabs.
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