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" Summary

When thaw water infiltrates into a dry snow cover with a teméerature below 0°C,
the snow cover turns out to be composed of two distinct layers: upper layer of wet
snow and lower layer of dry snow. The thaw water flowing down within the wet
snow layer pushes downwards the infiltration front, the surface separating the two
layers, but the speed of its movement is less than that of the thaw water itself,
because it freezes partly or completely when it comes into contact with the dry snow
on reaching the infiltration front. The purpose of the present paper is to find theore-
tical formulae relating downward velocity V of the infiltration front with such
quantities as listed below which must be closely connected to freezing of the thaw
water. Coordinate x is taken vertically downwards.

L: latent heat of.freezing of water.

- 0: temperature of the dry snow with the origin at 0°C. 0<0 except at the infil-
tration front where 0=0.

# and k: thermal conductivity and thermal diffusivity of the dry snow respectively.

G and K': respective values of 06/3x and 6%0/0x? at the infiltration front, where G <0.
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w: free water content of the wet snow, amount of the thaw water contained in
a unit volume of the wet snow, at the infiltration front.

v: velocity of the thaw water arriving at the infiltration front.

¢: amount of the thaw water arriving in a unit time at a unit area of the infiltra-
tion front, where ¢ =vw.

Following results are obtained :

(1) If the thaw water reaching the infiltration front is completely frozen into ice
of 0°C, the front stands still, that is, V=0. Let the value of ¢ for V=0 be denoted by
¢,. Then ¢, is given by

g =—pG/L. (1)

(2) If @, is kept constant, relation (1) does not hold good for a long time with the
result that the infiltration front starts to move, because the value of G changes due to
heat conduction taking place within the dry snow. It is shown that the infiltration
front starts proceeding downwards when K>0, while it starts receding upwards when
K<0. Only when K=0, the infiltration front stands still for a long time.

(8) When ¢>¢, and ¢<¢, the infiltration front is advancing downwards and
receding upwards respectively. In both cases the velocity of the infiltration front is
given by

V = (p—pp)/w = v+{#/wl)G, (2)

V being counted negative for the receding front.
(4) In a homogeneous dry snow cover extending from =0 to x=0¢0, an infiltration
of constant velocity is possible if v and w are kept constant. In this infiltration, § and

V are respectively given by
0 = 0 [1—exp {(—(x— V) V/E}]'and V = /{1 —{(#0./kw )] . (3)

As 0., the value of 6 at x=oc0, is negative, V is always positive. Let a quantity B of
the dimensions [temperature/square of length] as defined by

B=K+(VIiHG (4)

be introduced. Then it is found that B=0 for this infiltration of dV/dt=0.

(5) For any infiltration of V>0 maintained by the thaw water of constant v
and w, the following rules are found to be valid:

if B>0, dV/d¢>0, that is, movement of the infiltration front is accelerated,

if B<O0, dV/d¢<0, that is, movement of the infiltration front is retarded.

The infiltration front modifies, as it proceeds, the temperature distribution within
the dry snow. A change in G due to this modification is the cause of the above
acceleration and retardation.

(6) As B becomes K when V vanshes, the statement of article (2) is included in
the rules of the above article (5). Therefore, these rules hold true for infiltrations of

V0.



