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Zyungo YOSIDA 1976 Flying of Snow Caused by a Local Drop in Atmospheric Pressure.
I. Fundamental Matters Necessary for Studying the Phenomenon of Snow Flying.
Low Temperature Science, Ser. Ay, 34. (With English Summary p. 14)
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Summary

A sudden drop in atmospheric pressure exceeding 20 mb was recorded by an aneroid
barograph placed near the bottom of a steep valley at the instant when a hd-nadare
running down it passed in front of the barograph (Ref. 1). Ho-nadare is an avalanche
often bursting in the mountaineous area of the central Japan; it accompanies a strong
wind and a huge mass of snow smoke, inviting bitter disasters. Air pressure on the
railroad track rises and then drops when the head of a train is approaching; it changes
irregularly afterwards while the passenger carriages are passing over (Refs. 2 and 3).
If such a local drop in atmospheric pressure as described above takes place on a snow
cover, the air in the snow will be drawn out, and, if flow of the drawn out air is fast
enough, snow particles located near the surface of the snow cover will fly off into the
atmosphere to form a snow smoke. To the knowledge of the author no report has
been published on this kind of phenomenon of snow flying. As there is much likelihood
of its occurrence, theoretical studies are made on it in this series of papers, whereby
this Paper I is devoted to a discussion of the fundamental matters necessary for the
studies.

(1) Let that part of the surface of a snow cover over which atmospheric pressure drops
be called ‘area J'. Two causes make the air in the snow cover flow out through area
J: the one is expansion of the air in the snow cover, while the other is migration
toward area ] of the atmospheric air mass which flows into the snow cover through
the surface extending outside of area J. Flow out due to the former and the latter
causes shall respectively be called ‘expasion flow out’ and ‘migration flow out’. The
expansion flow out prevails in the central part of area J, while near its border the
migration flow out is predominant.

(2) Numerical discussion will be made on the basis of data concerning new snow which
is lightest among snows and is most likely to fly off. Snow particles detached by
a wind from the surface of a snow cover are found to fall at the speed of 50 cm/s if
they are let go in a still air. This falling speed is adopted as the value for the least
speed Wy which the air flowing out from the snow cover must have in order to take
off snow particles from its surface, and is named ‘take off speed’. It will be shown in
Paper III that a flow speed of the air in the interior of a snow cover can rise up to
2W, but does not exceed it.

(8) Shimizu measured in a cold room of —10°C initial permeability B, of air through
many kinds of snow, using so small speeds of air flow that it might obey the Darcy’s
law (Ref. 4). As 2W, lies far beyond the limit of the range of flow speed where the
Darcy’s law is available, permeability B for large speeds of air flow was estimated by
use of the results of Schneebeli’s work (Ref. 6). He made water and other liquids flow
through an assemblage of crushed stones of 30~40 mm in diameter and succeeded in
establishing a relationship between permeability and Reynolds number for its wide
range. Law of similitude was applied to the results of Shimizu’s and Schneebeli’s
experiments on the ground that the snow particles were almost similar in shape to the
crushed stones, with the result that permeability B of air through new snow decreased
with the increasing flow speed but the decrease in B remained, even at a flow speed of
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2W,, less than 30% of its initial value B,. As this decrease in B was not very great,
it was decided to develop the theory of snow flying by regarding the permeability of
air through snow to be kept constant at its initial value for the whole range of flow
speed. Thus permeability B of new snow is given the value 0.35 cm*/s-dynes which
Shimizu determined.

(4) As the speed of air flow is limited to 2W, of which the value scarcely reaches
1m/s in the case of new snow, Stokes’ approximation may be applied to the equations
govering motion of the air flowing in the interior of snow. The application yields

p0w/0t = — 0ploz —{e/ B) w (1)
and similar others for coordinates x and 7, = being taken downward. Here p and ¢

are density of air and porosity of snow respectively. By use of the equation of conti-
nuity and the equation of state for air, equation (1) can be transformed into

0 [ e 1 ap\ . '
ot < Bo, ot T 7) =dp, (4: Laplacian) (2)

where T is absolute temperature while gy, 7, ¥ denote respectively standard density, gas
constant and ratio of the two specific heats of air. So long as the dropping speed S
of atmospheric pressure does not exceed 10° mb/s, the second term remains less than
one hundredth of the first term in the parenthesis on the left side of equation (2), and
this equation can be simplified
oplot=Fkdp (3)
with
k=7rTBpye, (4)
which may be termed ‘pressure diffusivity’. For new snow the value of % turns out
to be 55%10°cm?s. In the following Papers equation (3) will be used for determining
the air pressure in the interior of snow, to the exclusion of the cases in which f rises
above 10° mb/s.
(5) The above exclusion of very high values of 8 reduces also equation (1) to
0ploz=—(¢/B) w, (5)
which yields flow speed w of air by simple differentiation of p. If
Go=—(/B) W, (6)
is introduced, any problem of snow flying can be solved by the use of Gy and p, with

no reference to the flow speed w of air. The name ‘take off pressure gradient’ will
be given to G, of which the value is found to be 0.13 mb/cm for new snow.



