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Summary

A series of laboratory experiments was carried out on heat transfer in a vacancy
formed below or within snow, and its mechanism was discussed. A horizontally ex-
tending air space was made below or within a snow block with an area of 28X28 cm
and a thickness ranging from 0.8 to 5.0 cm. The top of this air space formed a boundary
between air and snow, as is called the upper boundary. The bottom was a lacquered
solid surface (Case 1) or a boundary between air and snow (Case 2), both of which are
called the lower boundary. As regards the solid surface, it has no source of water
vapor and is approximated to be a black body for thermal radiation. Total heat fluxes
through these boundaries were measured by keeping the upper boundary colder and
the lower boundary warmer with a temperature difference of 3 to 10°C.

In case 1 exist the radiative heat transfer and also the heat transfer by free con-
vection and conduction. The total heat flux may be written as

q=o(T4—TH+24T,

where ¢ is the Stefan-Boltzmann constant, 7y and 7 are the temperatures of the lower
and the upper boundary respectively, 2 is the coefficient of heat transfer by both con-
vection and conduction, and 47 is the temperature difference between the boundaries.
Then 2 can be determined by the thickness of the air space and the temperature differ-
ence between the boundaries from the relation obtained by Silveston (1958) between
the Rayleigh number and the Nusselt number. Consequently the total heat flux can be
calculated from the temperatures of the upper and the lower boundary and the thick-
ness of the air space.

In case 2 the heat transfer due to vapor transfer exists in addition to the radiative
heat transfer and the convective and conductive heat transfer. The total heat flux may
be written as

M
g = o(Ti—TH+14T+Liy <T> (—’%’0— ~ —{,’2;) ,

where L is the latent heat of sublimation of ice, 1p is the mass transfer coefficient, M
is the molecular weight of water, R is the gas constant, and p, and p, are the saturated
water vapor pressures at the temperatures of the lower and the upper boundary respec-
tively. Postulating the analogy of heat transfer and mass transfer in the convective
and conductive heat transfer and the vapor transfer, 1, can be determined by the thick-
ness of the air space and the temperature difference between the two boundaries from
the same relation used in case 1. Consequently the total heat flux can be calculated
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from the temperatures of the upper and the lower boundary and the thickness of the
air space.

Both in case 1 and 2 measured values of the total heat flux were in good agreement
with calculated values. In the heat transfer processes considered here, it is characteristic
that the total heat flux is practically determined only by the temperature difference
between the boundaries. Concerning the proportion of each heat flux, the heat flux
due to radiative heat transfer is more than a half of the total in case 1. In case 2 it
is about a half of the total, and the heat flux due to vapor transfer is least.

Finally discussions were made about the heat transfer in the air space bounded by
wet snow (upper boundary) and water (lower boundary). The relations between the
total heat flux (corresponding to the heat flux of snow melt) and the thickness of the
air space were obtained by calculation taking water temperatures 3, 5 and 10°C. The
total heat flux does not vary so much with the thickness of the air space when the
convective motion takes place in the air space. So the quantity of snow melt in the
air space is expected to be approximately constant when the thickness of the air space
is large. The quantities of snow melt in such an occasion were estimated to be ap-
proximately 6, 10 and 25 g/cm?-day respectively when the water temperatures were 3, 5
and 10°C. Concerning the proportion of each heat flux, the heat fluxes of conductive
heat transfer and the heat transfer due to vapor diffusion are largest when the thick-
ness of the air space is smaller than a few millimeters. When the thickness of the
air space is large, the percentage of the heat flux of radiative heat transfer is largest.
Both the fluxes of the convective and conductive heat transfer and the heat transfer
due to vapor transfer are of about the same magnitude for the cases in which the air
spaces is bounded by wet snow and water.

The results obtained in this study seem to be useful for the analysis of the heat
transfer process in a vacancy which is formed under a snowpatch or of the heat transfer
process of a snow-covered stream, and also useful for the study of artificial snow melting
by heaters which often make vacancies between the heaters and snow.



