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Zyungo YOSIDA 1976 Flying of Snow Caused by a Local Drop in Atmospheric Pressure,
II. Conditions for Snow Flying to be Initiated by ‘Expansion Flow Out’ of Air. Low
Temperature Science, Ser. A, 34. (With English Summary p. 31)
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+r {0.4634 @(q/4)+0.4073 0 (g/2)}

+y 2_1-{0.1844 D,(g/4)+0.3404 @, (g/2) — 0.0481 @l(q)} (51)
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Summary

This paper II deals with studies made on the conditions for the phenomenon of
snow flying to be initiated by pure ‘expansion flow out’ of air, which was defined in
Paper I. Two types are assumed for the ways in which atmospheric pressure drops:
a drop at a constant speed 8 and a drop induced by a sinusoidal vibration of atmos-
pheric pressure. It is also assumed that the snow cover is infinitely deep and wide
while atmospheric pressure drops evenly over its infinite horizontal surface, which situa-
tion excludes occurrence of ‘migration flow out’ entirely. Coordinate z is taken down-
ward from the initial level of the surface of a snow cover. Time ¢ is counted from
the instant at which atmospheric pressure starts to change. Mathematical expressions
in Paper 1 will be referred to by the use of notations such as (J,1,1) and (E,L 1), J
and E meaning the Japanese text and the English summary respectively.

(1) Differential equation (E, 1, 3) is simplified in this case into

op/ot = k3*ploz?, (1)
of which solution p(z,#) gives the pressure of air in the interior of the snow cover if
p(0, ) coincides with the change in atmospheric pressure. Let G stand for [0p/0z].-,,
gradient of p at the surface of the snow cover. As atmospheric pressure drops, G
increases and the snow starts flying when G reaches ‘take off pressure gradient Gy
defined by equation (E, 1, 86).
(2) Let p, and ps denote respectively the initial value of atmospheric pressure and the
value of p at the surface of the snow cover. A drop in atmospheric pressure at con-
stant speed f is expressed mathematically by

ps=po—Pt, (2)
and this boundary condition (2) yields the the solution of equation (1) in the form of
o(z, )= plz, )—py=—BtM(s),  s=z/24 kt, (3)
from which is derived the equation
G =284 t/zk. (4)

Expression (3) of the text gives the mathematical form of function M(s); Fig. 1 of the
text shows its curve.

Instant £, at which the snow starts flying is given by such a value of ¢ as to make
G in equation (4) equal to G,. The condition for initiation of snow flying can thus be
said that the drop in atmospheric pressure should last longer than time z,. Values of
t, are shown in Table 1 of the text, which were calculated for several values of 8 by
the use of £#=55X10° cm?s valid for new snow. In the same Table 4p means Bz, the
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amount by which atmospheric pressure drops during time #.
(3) If a length

1=24kty
is introduced, the transformations
C==z/l, <t=tty, ¢=9¢/dp=(p—py/dp (6)
make the quantities coming out in the article (2) change into dimensionless numbers
as the arrows indicate below :
t—1, 5—1, k—1/4, dp—1, Go—lo=4/{7 . (7)

Length / may roughly be regarded as the limit of depth to which the influence of the
drop in atmospheric pressure comes down in the snow cover, because the value of
p—po reduces at z=I[ to one twentieth of the value at =0 when the snow begins to
fly at time ¢t=4¢. Dimensionless variables (6) and numbers (7) will be used in the next
Paper III for studying the descent of the surface of the snow cover given rise to by
the flying off of snow.

(4) Suppose that atmospheric pressure ps begins at £=0 to change according to

Ps—po= ¢gsin 2mt/ T, (8)

then ps drops during the first quarter period when ¢,<0 while it rises and drops dur-
ing the first three quaters of a period when ¢,>0. Introduction of a length defined by

L=2yzkT (9)
and use of the dimensionless variables
{=2rz/L, c=2xT, ¢=(p—polel (10)
bring the following transformations
Ps—p—Ps=tsint, k-1/2,  Gy—Iy= Gy L/@2x|e,l). (11)

Dimensionless form Iy of ‘take off pressure gradient’ can again be transformed into

Fo:Goﬂ/m(ﬁll%l)=54-4\/—f/|¢o] 12)

by use of equation (9). Numerical figure 54.4 is true for new snow when 7" and ¢, are
measured in units of s and mb respectively. Table 2 in the text gives the values of
I’y and of 8/=4¢)/T for selected pairs of values of 7" and ¢,; in each box of the Table
the upper figure is for I'y while the lower one is for §. Quantity A is introduced as
a rough measure for the dropping speed of atmospheric pressure.

() In Fig. 3 of the text, dotted curve OKLMN shows ¢g=sin 7, namely the change in
atmospheric pressure for ¢,>0, and full curve OABDEF gives [ =[0¢/3{);-0, gradient
of air pressure induced by ¢s at the surface of the snow cover. No chance of flying
is given to the snow before time 7g=2.293 indicated by point B, because /" is negative
until this time. After time rs passes, I' becomes positive to reach the maximum value
of I'p=1.465 at time tp=23.916. Therefore, if I’y is smaller than I'p, then I’ attains
the value of I'y before time rp and the snow starts flying. Thus the condition for
initiation of snow flying is given by I'y<['p, which inequality can be rewritten as

0ol T>Goy kjz|I'p (=37 for new snow with ¢, in mb and T'ins).  (13)
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This condition may be used for judging whether snow on the railroad track flies or
not in front of a running train, because it carries at its head a ridge and a trough of
air pressure. .

(6) Figure 3 in the text becomes true for the case of ¢,<0 when looked at upside
down. Change in ¢s is shown in this case by downward convex curve OKL in the
inverted Fig. 3 and it will make a close copy of the drop in atmospheric pressure
which accompanies a ho-nadare described at the beginning of the English summary of
Paper I. As soon as ¢g starts changing, I’ begins to grow rapidly and reaches the
maximum value of [I'4=1.202 at time 73=0907. So the snow can start flying only
when I"g< I, namely, when

wold T>Goy B/z]Ts (=45 for new snow). (14)



