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Snowdrifts can be a major source of disruption
in the operation of transportation services and a
general nuisance 1n the normal wintertime activity
of a community. Such drifts are formed whenever a
wind, strong enough to transport horizontally a sig-
nificant amount of snow, encounters an obstacle
which forces it to deposit some of this snow. The
usual approach taken 1n defending an area or struc-
ture against snowdrifting has been to locate the
structure properly so that the drift problem will
be a minimum and to erect obstacles, such as snow-
fences, to control where the snow will be deposited.
The approach taken in the development of these de-
fences has been largely empirical. Attention has
been directed primarily to the character of the air
flow with little attentlon being given to the ma-
terial transported. In some cilrcumstances, it would
be an advantage to have a more complete defence a-
gainst snowdrifting than 1s now availlable. In their
attempts to develop this defence, engineers are giv-
ing more consideration to the theoretical aspects
of the problem and in particular to the relation-
ships between the air flow and the snow beling trans-
ported.

It is one of the responsibilities of the Snow
and Ice Section of the Division of Bullding Research
to collect and make available information required
for the solution of snow and ice problems encounter-
ed in englneering practice. This report gives the-
oretical calculationg and experimental observations
on the transport of snow by wind. It presents for-
mulae glvling the dependence on wind speed and height
above ground of the amount of snow moved 1In a glven
time. Thils 1s the second Russian paper on this sub-
Ject that has been published in the Natlonal Research
Councll translation series., The first paper, also
by A.K. Dyunin, is entitled "Fundamentals of the
Thegry of Snowdrifting" (NRC Technical Translation
952) .

The paper was translated by Mr. G. Belkov of
the Translation Section of the National Research
Councll Library, to whom the Division of Bullding
Research wishes to record its thanks.

Ottawa, _ Robert IF. Legget,
December 1961 Director
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VERTICAL DISTRIBUTION OF SOLID IFLUX IN A SNOW-WIND FLOW

Summary

In this paper an attempt 1s made to
analyze theoretically the distribution with
height of the solid flux 1n a snow-wind flow.
The analytical results are compared with
field observations.

The general expresslon for the solid flux of a snow-wind flow
g* at a certailn height above the surface y has the form

qy =py - Vy g/n"seu (1)

where py i1s the weight of snow contalined in a unit volume of air

at height y, in g/m ,
V& 1s the average translational velocity of snow particles
in m/sec.
Let us define the value of py.
It has been experimentally proven that river silt and also

(1,3,6) are raised in the form

sand, dust and snow in moving air
of "clouds". The "cloud" of particles is cast up by surface eddies
and penetrates into the mean flow.

The dimensions | of these penetrating masses 1increase in ap-
proximate proportion to the height y which 1s confirmed by the ob-
servations of Prof. A.Ya. Milovich (I, page 33), i.e. we have the

followling dependence
L=Q-y+6,

where a and B are constant parameters.
Assume the penetrating masses ("clouds") to be cylinders with
a cross-sectional area of o L° (see Fig. 1) and consider a plane

* In rail transport literature the solid flux of a snow-wind flow
1s frequently called "intenslty of snow transfer" and is meas-
ured in g/cm®min.
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sectilon.
I.et P be the welght of snow partlcles in a unit of volume of
the penetrating mass (at the helght of 1its centre of gravity y).
Then the total welght of particles per unit of cylinder length
is
Py=pyal:

When the helght 1s 1ncreased by Ay, we have
By oy =0y ap) (L 812

Neglecting the small components of hilgher order we get
Py+Ay:apyl" A 2alpy Al i 4p,

Assuming that the fluld (air) outside the penetrating cloud
has a negligible quantity of impurities, we find that the total
welght of particles in the "cloud" does not change, 1i.e.

Py =Py 1 ay
from which one can immedlately obtailn
Qalpy Al = —alt Ap.

Passing to the 1limlt when Ai-*O, we get the differential

equatlon

by 24l
r, T

But according to the foregoing ¢ = ay + B and dl = ady,. Consequent-

1y oy _ _ 2y
Py N )"I-E—
Integrating we get ‘
RV - COp by
(y+;)
Let E'= c, where ¢ 1s a linear magnitude. To define the arbi-

a
trary constant c, we state the boundary conditions; py = Py when

y = 0. Then
Cq === Pac?,

And finally

Py =P (ytoy
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This {ormula was derlved by V.N. Goncharov (refercence (1),
page 194). Here 1t is given In a somewhat altered and simplified
form.

The same author also derived the following phenomenaloglcal
formula for determining vy (reference (1), page 160).

Let a particle move at the velocity of vy at the height y
where the rate of flow 1is vy1. The aerodynamic forces F acting on
the particle, as was shown theoretically by S.A. Chaplygin(S) and
experimentally confirmed by A.l. Losievskii(g, depend on the square
yr o Vy)g'

/"':A-_a‘fv),'—\'y‘)‘ (3)

of the relative velocity (v

where a, 1s a constant coefflcient for the given particles and
fluid.

If the mass of particles 1s equal to m, then according to the

impulse theory
Fdl‘ T m.dv’\,

Expressing F by (3) we get
Sl = = ~d—vL »
™m !V),‘—\‘y)-
After integration g
a,i

NN
a,

43

Vy— V

¥

where s = v__t, ¢' 1s an Integration constant. We assume that
during the period of time t there will be no change in the flow
direction. In a quasl steady state turbulent flow the averaged
magnitude s = V;TE can be considered constant.

Then

V}=‘PV)’| . (4)

where |y Cmis

P = T = const
14+ .7

a,s

Substituting (4) and (2) in (1) we have

— L‘l
Y =Po® Trpan
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For the definition of VV‘ we use the logarithmic formula of Prof.
S.A. Sapozhnikova (reference (4), page 72):

e gy
V)H"‘VI(—'l]gB) (5)
where V; - the average veloclty at unit height above the ground
(for example 1 metre),
& - a llnear characteristic of the roughness of the surface.
Consequently
()
. gt
Gqv=2"P0% Vxﬁ'v;g(—)g (6)

One should keep 1n mind that this formula is valld only for
values of y> 6. A schematic graph of the function (6) is shown
in Fig. 2.

At a certain height yo-the solld flux of a flow reaches a
maximum d, and then decreases asymptotically approaching the Oy
axls.

The magnltude Yo We find by taklng the derivative with re-

I
] — 2o
spect to y from_tijﬁl and equatlng 1t to zero

(v-bo)
Ig e ;
(yo + ¢)-B2 — 2 (Ig y, — lgd) =0
Whence:
Ige
Flrs) e (1)
The graph shown in Fig. 5 was constructed according to this

formula. With this graph, knowlng ¢ and &, we can determlne Vor
The value of a maxlmum flux A, is

| = lgx

To = Pu Vi C* Yooy

Dividing (6) by (8) we get

—lg-_:_" (9)

I'or determining the total solld dlscharge Qy In a wind-snow
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stratum {rom Oy to y one must integrate equation (9) within this

range:
L lg2- . g Sy |V
Q, = Go (¥o -+ 258 N dy dol{yot )| 8 ; I fv )
Y o'y (y+ep tyr Yo c+y ¢ Slety '5
) Y

Keeping in mind (7) one can write
l l+3c- { v>
Q- 2goyolyn-F )] Zinl g - oy Iy (10)
b+ 5 _
when y — o

infl + f.)
® o [see
Qoo =290 Yo (¥o -+ ) FE— 3/

(11)
We will show that for the purpose of simplifying calculations
in processing the experimental data one can replace formula (9)
with the followlng approximate formula which is structurally simi-
lar to expression (2):
b S
L B
T= T T e (12)
where , .
nft .f_)
3
¢y == 2y (¥, + ) W(*"E-—-*; ');;9 (15)
Formula (12) is valid only under the condition Yos V- Let us
agsume that 1n the range of 0< y< Yo the flux q depends linearly on

height y,

Then the total flux Qy in the stratum O - y is

=T (Yo 4, C’j'y e W | by e
Qy m.L Yy + 4o £, Yo (Y — Vo-i- €))° qoLywyw+Q)+ 2 | (14)

When y —veo:

Qco. = qo("l'*‘%f"‘) (15)
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Substituting (13) in (15) we get (11).

Fig. 4 shows a comparison of graphs plotted from formulae
(9) and (12) using various values of ¢ and &§. Curves corresponding
to formula (12) are plotted in dashed lines. It can be readily
seen that the dashed line curves are very close to the solild 1line
curves corresponding to formula (9). The value of ¢4y when ¢ and 6
are known can be determined from the graph (Fig. 5) plotted from
expression (13) and (7).

The experimental data of TsNII MPS (Central Research Institute
of the Ministry of Raillroads) and TEI ZSFAN (Transportation-Power
Institute of the East Siberian Sectlion of the Academy of Sciences)
make 1t possible to find numericalily the average value of ¢ and 6
for a snow-wind flow,

Fig. 6 shows the data of anemometer measurements of wind ve-
locitlies at various heights. The circles with dots are plotted
from the data of TsNII MPS (Orenburg Railway, February 1952) and
the solid circles from the data of TEI ZSFAN (Tomsk Railway, Decem-
ber 1952 - January 195%). In each case the velocity at the height
of 0.5 m 1s taken as unity. The absolute values of these veloclties
vary within the range of 4.4 - 10.7 m/sec. Fig. 6 shows that the
wind velocity over a smooth snow surface has on the average a log-
arithmic dependence on the height y.

Substituting in formula (5) the dependence of wind speed on
height given in Fig. 6, we find that log s =-4.85, & = 0.00141 cm.

Blizzard data was used to determine ¢. The bllizzard metre
of the type VO, used by TsNII MPS* and TEI ZSFAN, has an entrance
aperture 2 cm high. By placing the nozzle right on the snow sur-
face ("surface blizzard metre") we do not consequently determine
the maximum flux 9% but the average flux Ag_p which 1s determined
theoretically from formula (10)

L (T L2
Jo—r=qa Yo (Vo + ) —c—ln ]+;_;- - ?_‘_c[’l‘;‘ (16)

* At the Vodenyapino Snowdrift Station
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where Yosr ©» & arec expressed In centlmetres.

V.N. Goncharov found (refercnce (1), page 41) that the value
of ¢ 1n a liquid flow depends primarlly on the depth of the lliquid.
Fig. 7 shows the data of V.N. Goncharov obtained by two different
methods. The more reliable of the methods was that of suspended
particles, the analysis of which will not be dealt with here.*

The maximum depth of flow in the experiments of V.N. Goncharov was
44 em. For this depth, ¢ = 2.5 cm.

IFlg. 7 also considers the dependence of ¢ on the roughness of
the surface. 1t is interesting to note that for a snow-wind flow,
the calculations gilve ¢ = 2.7 cm on the average, about the same
value as for flow in a very deep fluid body.

In Table I the theoretically calculated values of gx-. are
compared with the corresponding mean values of this ratig Zalculated
from experimental data of TsNII MPS and TEI ZSFAN. IFor the theoreti-
cal calculation it was assumed that ¢ = 2.8 cm; & = 0.00141 cm. Ac-
cording to the graph in Filg.% Yo Z 0.28 cm. The corresponding value
of ¢, = 4.7 cm.

According to formula (16) g = 0.767 q, -

o-2

These data are shown in Fig. 8. The results of observatlons
agree satisfactorily with theory.

The value of ¢ apparently does not depend 1n any essential way
on the absolute value of the velocity of the snow-wind flow as can
be seen from Flg. 9 where the theoretical curves q = ¢ (y,v1) are
compared with experlmentally found polntg of single measurements of
a solid flux at velocities of v, (at the height of 1 m) 6.5 - 12 m/
sec. The blizzard measurements were carried out by TEL ZSFAN.

Concluslons

1. The distribution wilith helight of the so0lid flux of a snow-

* The value of ¢, as shown by V.N. Goncharov, characterizes the
change with heipght of a llnear vertical pulsating component of
the velocity of turbulent [low.
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wind flow, as any other mixed flow, depends on the profile of the
averaged translational velocitles and the linear characteristic of
turbulence C of the wind f{low.

2. The precise expression for the total solid flux in a layer

1+ <. '
-_‘.m In _5 — ’~ . In R
c 1< R v+e¢ 5
y .

This formula can be replaced by the approximate formula

O - y has the form

Qy=2q0¥o (¥y 1 ©)

g [y I e
Qy_qoly‘—)o‘f‘cl + 2-l

5. Curves constructed from these formulae agree satisfactorily
with experimental data obtained under field conditions.

4. 1In using these formulae one can carry out the major part
of the blilzzard-measuring observations with the'use of surface-bliz-
zard measuring instruments and from these data one can precisely
determine the total solid flux of a snow-wind flow.
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Table I
q
@f; 100
Yy, cm No. of Mean of Theoretical Organizations
observations experimental calc. carrying out
data observatlons
0 -2 100 100
6 43 26.6 25.2 TsNII MPS
6 6 24 .2 25.2 TEI ZSFAN
11 u7 11.55 10.9 "
16 43 5.54 6.1 TsNII MPS
21 10 L4.57 4.0 TEI ZSFAN
3] L 2.1 2.0 "
41 4 0.49 1.2 "
51 L 0.45 0.8 "
Leal
| /27775
i
A\ LAY
A
=7 “’ 7
| % Prap %
P T N
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L7777 7777777777 77777777 777777777/7777

Fig. 1

The motion of penetrating masses saturated with admixtures
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A schematic graph of the functlon q = f(y)
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A graph comparing formulae (9) and (12)
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Fig. b

A profile of averagce translational velocltlies of the snow-wind
flow according to the data of TEI Z38FAN and TsNII MPS
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O 0 The value of C determined by the method
of measuring the falling rate of particles
oo in a flow. (On a smooth surface and on a
o oo v 4 surface made up of 5 - 7 mm grain sizes)

e v + The value of C determined by the method

0%, + of suspended particles

e A smooth surface and a surface of 5 - 7 mm
graln sizes

v Surface of 18 - 12 mm graln sizes

°°’ Surface of 31 - 22 mm graln sizes
) ©@ The average value of C for a snow-wind flow
T, } 5 "_'4{:0.-"
Fig. 7

Value of ¢ depending on the depth of flow
(according to the data of V.N. Goncharov)
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Graph of the functlon g = f(y-v,)



