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Zyungo YOSIDA 1974 Theoretical Studies on Snow Removal by a Plough, II. Spray-
Type Kick Up of Snow Caused by a Plough Moving at High Speeds. Low Temperature
Science, Ser. 4, 32. (With English Summary p. 68)
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Summary

In this Paper II, the spray-type kick up of snow caused by a plough moving at
‘high speeds’ is studied theoretically on the same assumptions made in Paper I in
which the flow-type kick up was dealt with. As was mentioned in Paper I, velocity
V of the plough is called ‘high speed’ when it exceeds the propagation velocity ¢ of
the plastic wave in the snow to be removed by the plough. Photographs in Figs. 1
and 2 of the text show kick up of the snow by a plough attached to a diesel locomo-
tive of the Japanese National Railways running at a speed of about 80 km/hr. Photo-
graphs 1, 2 and 3 in Fig. 1 are three frames taken out from a kinematographic film
depicting the process of the flow-type kick up. The plough was V-shaped with a
narrow horizontal penthouse along its upper margin. The black figure in the upper
right quarter of each photograph shows the front of the locomotive above the pent-
house. The white-cross mark is seen on the forehead of an automatic coupler. The
numerical figure 33 had been written on the surface of snow. When the plough kicked
up the snow, the numerical figure rose without being crushed as shown in photographs
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2 and 3. This shows that the kick up was of the flow type. The snow flied sideways
horizontally after it had flowed up the sloping surface of the plough and struck against
the penthouse. The photograph in Fig. 2 shows the kick up of the spray type. When
the snow was kicked up by the front edge of the plough, it was pulverized and sprayed
in a direction inclined forward so that it flied high without being hindered by the
penthouse.

It was assumed in Paper I that the snow is pulverized when its uniaxial stress
reaches stress pr of pulverization. Let the angle which the direction of motion of the
snow makes against the horizontal at any instant in the very short interval of the
flow-type kick up be denoted by #. Stress p which the snow has at that instant will
be a function of # and 7, that is, p=f (#, 7). As 0 increases p increases and, when 0
reaches a critical value ag, it will attain the value of p¢ to pulverize the snow. This
relation between p¢ and ap, namely pe=f (ag, 1), may be put equal to the relation be-
tween ps and a expressed by equation (3) in the English summary of Paper L. This

equalization results in
w=T7 {1—(vc/V) cos ac}/(r—1). (1)

Here ¢ is ‘strain of pulverization’ given by pa/k. Velocity wve is the velocity of the
snow at the instant of pulverization and can be determined by replacing v and p4 with

ve and pc in energy equation (2) of Paper 1:
1—(v VP = ptlkoV? . (2)

By eliminating v¢/V from equations (1) and (2), the following function relating a¢ with

7 and ¢ is obtained:
cos ag = {eg-{-(l—sc) r}/Jr(r—e%) . (3)

In Fig. 4 of the text, ar is plotted against 7 for three different values of ¢. For
the snow to be pulverized, a¢ must be less than a and a¢ is an increasing function of
7 as shown in Fig. 4. Therefore, the pulverization of the snow can occur only when
7 is small enough to keep a¢ less than a. The pulverized snow flies with velocity ve
in the direction deviated by ag from the horizontal to reflect on the surface of the
plough as shown by the arrows in Fig. 5. The direction in which the reflected snow
is sprayed makes the angle of a¢=2a—a¢c with the horizontal.

The above is the way in which the flow-type kick up is transformed into that of
the spray-type. Coefficient C, of running resistance of plough due to a kick up of the
spray type is given by

Cy, = 1—(v/V)cos as. (4)

The value of wvg/V is plotted against 7 in Fig. 3 of the text. Curves of C, versus
7, together with those of coefficient C; of running resistance due to the flow-type kick
up, are drawn in Figs. 6, 7 and 8. Scooping angle @ of the plough is the only param-
eter for C,, while ¢ makes another parameter for C, in addition to a. The smaller 7
and ¢ are and the greater « is, the more likely the flow-type kick up is transformed
into the spray-type. In these three figures the dotted curves marked C; give the coef-
fcient of running resistance due to virtual flow-type kick up which fails to occur be-
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cause of the transformation.

If force F, with which the snow pushes down the front edge of the plough is
expressed in the form of DpohV? coefficient D is given as a function of 7 with param-
eter a when the kick up is of the flow type, and as a function of 7 with parameters
a and ¢ when the kick up is of the spray type. In Fig. 9 of the text, D is plotted
against 7 for particular values of the parameters. Suffixes 1 and 2 attached to D refer
respectively to the flow-type and the spray-type kick up.



