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Summary

A laboratory experiment was made to determine the coefficient of heat transfer
from the atmosphere to a melting snow surface by using a temperature-regulated wind
tunnel, which had a working length of 8 m and a cross section of 50X50 cm.

A section of the bottom of the wind tunnel was removed to be replaced by a
snow surface. To do this, a box containing snow with its top open was prepared so
that its top surface made of snow could replace the removed section by placing the
box under the wind tunnel. The walls of the box was lined with a heat-insulating
material. The snow thus prepared was 108 cm in length, 33 cm in width, and 30 ¢cm in
depth, whereby the top, 108 X33 cm, formed a section of the tunnel’s bottom. In an
attempt to obtain Qa, that is, the rate of sensible heat transfer from the air to snow,
firstly Qu was obtained by multiplying the measured melting rate M of snow by 80;
secondly Qg and Qr were subtracted from the Qu, where Qg is the rate of latent heat
transfer from the air to snow and Qg the long wave radiative Energy absorbed by snow.
This is based on the energy balance equation: Qa-+Qr+Qr=Qw, where Qr was meas-
ured by a small net-radiometer and Qr was obtained by measuring £, that is, the rate
of condensation of water vapor to snow or the rate of evaporation of snow. The mea-
surements of M and E were made by weighing a snow sample, 14 cm in diameter and
6 cm in thickness, before and after each measurement lasting 20 min, whereby the tim-
ing of this measurement was chosen after a melting rate became constant.

The profile of wind velocity was measured by a hot wire anemometer and the
temperature profile was observed by 6 pairs of copper-constantan thermocouples, 0.1 mm
in diameter. Each pair of them consist of dry and wet bulbs which were placed at the
same level. These thermocouples were also used for measuring the profile of water
vapor pressure in the air above the snow. All of these measurements were made on
or above the part of the snow 70~100 cm distant from the windward edge of the snow
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as illustrated in Fig. 1. The wind velocity at the center of the wind tunnel was
changed from 0.5 to 13 m/s, and the air temperature at the center was changed from
—7 to +20°C.

The turbulent boundary layer, which was caused by snow, was found to develop
over the snow surface as shown in Fig. 2 and come to saturation at a location 70 cm
leeward from the front edge of the snow. Some examples of the vertical profiles of
wind velocity, air temperature, and water vapor pressure observed over the snow surface
are shown in Figs. 3, 4, 5 and 6 respectively. An example of the vertical distribution
of turbulent intensity is also indicated by numerical values in Fig. 3. These results
show that logarithmic profiles of these elements take place within the lowest thin layer
of the wind with a thickness of 2~3cm. The rate of sensible heat transfer Qs and
the mass transfer rate E of water vapor are found to be related to the air temperature
T, (°C), wind speed V;(m/s), water vapor pressure ¢, (mb) at a height of 2 cm above the

snow surface, and vapor pressure ¢, at the surface by the following empirical formulae :
Qs =078 T,V, cal/cm?-hr (1)
E =23%X10"%(e,—ep) V, g/ecm?-hr (2)

These are the equations of the straight lines in Fig. 9 and Fig. 10 which show the
plots of Qa versus T,V, and E versus (e,—ey) V, respectively. Another value of sensible
heat transfer coefficient 0.90 is derived from the empirical value of mass transfer coef-
fcient in eq. (2) by using a theoretical relation between the two coefficients for heat and
mass transfer based on Prandtl’s theory and, therefore, logarithmic profiles with the
same roughness parameter.

An attempt was made to adopt the coefficients in egs. (1) and (2) to those for the
temperature 1o (°C), wind speed Vi (m/s), and vapor pressure e (mb) at a height of
100 cm, which is often used as an observation height of these elements in the field.
Assuming that the logarithmic profiles of these elements within the lowest 2 cm thick
wind layer in the wind tunnel can be extended to a height of 100 cm in the field, the
coefficients for sensible heat and mass transfer are calculated for the cases of Ty,

Vi, and ey by means of such profiles. Thus Qa and E are given by

Qa = 0.30 T3 Vige cal/cm?-hr (3)
E =085x10"% (emo_'e'o> VIOO g/CmZ'hr ( 4 )

The mass transfer coefficient 0.85X107% in eq.(4) is theoretically to the heat transfer
coefficient 0.33 in the same manner as before. E represents the rate of condensation
if eg>e, and the rate of evaporation if e,0<<e). These values of the coefficients are
not very different from those reported by some other investigators on the basis of field
observations of heat balance and snow melt.

The vertical distributions of turbulent diffusion coefficients Ky, Kz, and Ky for
heat, water vapor, and momentum are examined and reasonable results are obtained as
shown in Fig. 12. Since these coefficients are of the same order for the same height,
the average K of the three are plotted against the stability ratio S defined by S=g46/
64z, and K is found to decrease as S increases in a manner shown in Fig. 13. This
may partly be cause of the considerable scatter of the plots of Qs versus T,V, in Fig. 9
or E versus (¢,—e,) V, in Fig. 10.
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A trial attempt was made to thicken the turbulent boundary layer by placing a set
of resistance plates for a wind flow (Fig. 14) at the windward portion of the wind
tunnel. The logarithmic profile of wind speed was found to be successfully extended

to a height of 13 cm as shown in Fig. 14.



