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Zyungo YOSIDA 1975 Theoretical Studies on Snow Removal by a Plough, V. Kick Up
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(With English Summary p. 88)
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Summary

A snow plough put to actual use is acute angled in the sense described in the
English summary of Paper IV and has a front edge finite in length. Such a plough
will be called ‘acute angled finite plough’. In the first half of this Paper V studies are
made on kick up of snow by an acute angled infinite plough, namely, an acute angled
plough with its front edge infinitely long, by taking advantage of the results obtained
in the foregoing Papers on kick up of snow caused by a right angled plough. Results
of the studies are then used in the second half for discussing kick up by an acute
angled finite plough.

(1) It is assumed that no friction appears between the front edge of a plough and the
snow to be kicked up by it. Indeed, a coefficient of friction between iron and snow
is so small as to be a few hundredths of a unit. The above assumption of no friction
leads to the result that no change occurs to motion of the snow advancing towards an
acute angled infinite plough if the plough is moved parallel to its front edge, quite
independent of at whatever speed this parallel movement takes place.

Let coordinates x and y be placed perpendicular to and parallel with the {ront
edge of the infinite plough respectively. If the course of virgin snow meets the front
edge of the plough at angle B, z- and y-components of velocity V with which the virgin
snow advances are respectively given by

Ve=Vsinf and V,=Vcos . (1)

Let here be imagined ‘right angled kick up V.’ and ‘parallel movement V,”. The former
is a fictitious right angled kick up in which the infinite plough kicks up virgin snow
coming towards it at speed V,, while the latter is a fictitious movement which moves
the whole snow at speed V, parallel to the front edge of the infinite plough. It is
derived from what was stated in the preceding paragraph that the simple superposition
of the right angled kick up V. and the parallel movement V, yields the kick up which
the accute angled infinite plough gives to virgin snow advancing at speed V.

The virgin snow is or is not compressed before it reaches the front edge of the
infinite plough, and ‘low speed’ or ‘high speed’ is applied to the kick up as either

adjective, according as

1<l or 7,>1,
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if 7; is defined by
7i=(VofcR=T7sin?§. (2)

Figure 2 of the text shows streamlines of the snow and the front edge of the acute
angled infinite plough looked at downwards from above. In case the kick up is of low
speed, the virgin snow begins to be compressed on line B and its streamlines are curved
beyond this line as shown in the figure. Lines P, P, and P; give positions of the front
edge of the infinite plough which depend upon the value of strain ec of pulverization
of the snow; the smaller ¢¢ is, the nearer the front edge is positioned to line B. If
the z-component of the velocity of snow in the ‘zone of compression before the plough’
is denoted by u., then u, is less than V, and the differential equation for the streamlines
in the zone is given by

dxfu, =dy/V, . (3)

Solution of this differential equation is obtained in the form
n=2cot -(1—1y) [1- VI=EMT-7} |, (4)

if . is expressed as a function of x by use of equation (3) in the English summary of
Paper III and when « and y are replaced with coordinates

§=z/lo = 4+(z/ly) and 7 =y/l. (5)

Length /, and number 4, are such that their product /,7, is equal to breadth I, of the
zone of compression before the plough.

Points M’s in Fig. 2 show the points where one of the streamlines of virgin snow
would meet front edges P’s if it was elongated straight, whereas that very streamline
meets them actually at points N’s. The distances between points M’s and N’s give
a measure of a lateral shift which the snow undergoes before it arrives at the front
edge of the infinite plough. If this distance devided by /;, is denoted by %, the following
function of 7; is found for %

X=01—-7)ekcosf. (6)

Uniaxial compressive strain ¢ produced in the snow has its axis directed perpendicular
to the front edge of the plough. Maximum value ey of ¢ is equal to s¢ when the low
speed kick up is of the spray type, while it is given by

ex = 1/ +2 cot? @), (7)

when the low speed kick up is of the flow type. Curves in Fig. 3 show X against 7

for some values of ¢c and a.

(2) Vertical full lines in Fig. 1(a) give streamlines along which the virgin snow flows
before it undergoes the high speed kick up caused by an acute angled infinite plough.
Suppose that both the plough and the snow are cut by two thin plates along the
streamlines passing through points 1 and 2 located on front edge P of the infinite
plough. Motion of the snow is left as it was before the cut except in the neighbour-
hoods of points 1 and 2. The snow deviates from its straight course while it is passing
the narrow zone of kick up at the front edge of the plough if the two thin plates are
absent. Prevention of this deviation by the plates must disturb the original motion
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of the snow. But, as this disturbance is weak and its extension is limited in the
neighbourhoods of points 1 and 2, let it be neglected. Then the kick up of snow
occurring between the plates gives high speed kick up caused by an acute angled finite
plough. After all a right angled kick up V. of finite breadth superposed with parallel
motion V, makes this high speed kick up.

Compression of the snow starts when it passes broken line B in case kick up by
the acute angled infinite plough is of low speed. The snow deviates from its straight
path beyond line B so largely that a great disturbance is bestowed upon the original
motion of the snow if the plough and the snow are cut in the same way as described
above. Therefore the problem must be treated in some other way.

Snow lying in front of a plough moving at a low speed is compressed by a wave
of compressive action which starts from every part of the front edge of the plough
and is propagated in the snow with velocity ¢ in the direction perpendicular to the
front edge. Velocity vector M of the wave is given by the resultant of vector ¢ and
vector ¥V as shown in Fig. 4, in the coordinate system moving together with the plough.
Vectors V and ¢ represent respectively velocities of the virgin snow and the wave in
the still coordinate system bound to the ground. Line P in Fig. 4 gives the infinitely
long front edge of an acute angled infinite plough which stands still in the moving
coordinate system. Let the portion of line P limited on both sides by points 1 and 2
and the remainder be called ‘edge M’ and ‘edge N’ respectively. The wave of com-
pressive action starting from edge M advances parallel to vector M and vanishes when
it arrives at broken line B, thus covering the area bordered by parallelogram 1243.
Let this area and the snow lying in it be called ‘domain M of compressive action’ and
‘snow M’ respectively; let ‘snow N’ denote the snow lying in the zone of compression
in front of the plough deprived of domain M of compressive action. It is then assumed
that, if edge N is removed, snow N changes its motion into that of the virgin snow,
whereas snow M retains its motion before the removal of edge N, and that this gives
the state of snow in front of an acute angled finite plough. Curved broken lines in
Fig. 4 represent the streamlines of snow in front of the acute angled infinite plough
and they change into the full streamlines when edge N is removed. Both velocity and
stress of the snow change discontinuously on the margin of domain M of compressive
action, in contradiction to the general low of continuity. But these discrepancies are

ignored.
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