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PREFACE 

Snowdr i f t s  can be a  major source of d i s r u p t i o n  i n  t h e  ope ra t ion  
o f  t r a n s p o r t a t i o n  s e r v i c e s  and a  genera 1 nuisance  i n  t he  norma 1 
winter t ime a c t i v i t y  of a  col~imunity. Such d r i f t s  a r e  formed whenever 
a  wind, s t r o n g  enough t o  t r a n s p o r t  h o r i z o n t a l l y  a  s i g n i f i c a n t  amount 
of snow, encounters  an o b s t a c l e  which f o r c e s  i t  t o  d e p o s i t  some of 
t h i s  snow. The usua l  approach taken  i n  defending an a r e a  o r  s t r u c -  
t u r e  a g a i n s t  snowdr i f t i ng  has becn t o  l o c a t e  t h e  s t r u c t u r e  p r o p e r l y  
s o  t h a t  t h e  d r i f t  problem w i l l  be a  n~inirnun and t o  e r e c t  o b s t a c l e s ,  
such a s  snow fences ,  t o  c o n t r o l  where t h e  snow w i l l  be depos i t ed .  
The approach taken I n  t h e  dcvelopn~ent of  t h e s e  defences  has been 
l a r g e l y  empi r i ca l .  A t t en t ion  has been d i r e c t e d  p r l m a r i l y  t o  t h e  
c h a r a c t e r  of  t h e  air flow with l i t . t l e  a t t e n t l o n  be ing  given t o  t h e  
m a t e r i a l  t r a n s p o r t e d .  In  some cir~cutr:stances, i t  would be an  advan- 
t a g e  t o  have a  more complete defence a g a i n s t  snowdr i f t i ng  than  i s  
now a v a i l a b l e .  In t h e i r  a t t empt s  t o  develop t h i s  defence,  engineers  
a r e  g iv ing  more cons ide ra t ion  t o  t h e  t h e o r e t i c a l  a s p e c t s  of  t h e  
problem and i n  p a r t i c u l a r  t o  t h e  r e l a t i o n s h i p s  between t h e  a i r  f low 
and t h e  snow be ing  t r a n s p o r t e d .  

It i s  one of  t h e  r e s p o n s i b i l i t i e s  gf  t h e  Snow and I ce  S e c t i o n  
of t h e  Div is ion  of Bul ld ing  Research t o  c o l l e c t  and niake a v a i l a b l e  
in format ion  required f o r  t h e  s o l u t i o n  of' snow and i c e  problems. The 
p r e s e n t  paper ,  t r a n s l a t e d  from t h e  Russlan,  i s  a  c o n t r i b u t i o n  t o  t h e  
Lheory of snot :dr i f t ing .  This  paper  w i l l  g i ve  t o  t h e  r eade r  an 
a p p r e c i a t i o n  of some of t h e  f a c t o r s  t o  be considered i n  t h e  t h e o r e t -  
i c a l  d e s c r i p t i o n  of  blowing snow and Its d e p o s i t i o n  a s  snowdr i f t s .  

The paper  was t r a n s l a t e d  by M r .  D .A .  S i n c l a i r  of  t h e  T r a n s l a t i o n s  
S e c t i o n  of t h e  Na t iona l  Research Councll L ibrary ,  t o  whom t h e  Div is ion  
of Bu i ld ing  Research wishes t o  record i t s  thanks .  

Ottawa 

November 1963 
R.F. Legget 

D i r e c t o r  
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TIU PIUCIIAN ICAL CONDITIONS OF SNOW EROSION 

Surnrnary 

Formulae a r e  developed f o r  t h e  c r i t i c a l  wind speed f o r  
t h e  s t a r t  of snow eros ion ,  us ing  t h e  theory  of  dimensions. 

One of  t h e  most important ques t ions  i n  t h e  theory  of snow d e p o s i t s  i s  
t h e  explana t ion  of  t h e  condi t ions  underlying t h e  s t a r t  of snow e ros ion .  We 
exp la in  these  condi t ions  using t h e  methods of t h e  theory  of dimensions. 

Let us cons t ruc t  t h e  d i f f e r e n t i a l  equat ion f o r  t h e  motion of a  p a r t i c l e  

i n  a  l i q u i d ,  cons ider ing  t h e  p a r t i c l e  a s  a m a t e r i a l  p o i n t :  

where m - mass of t h e  p a r t i c l e ;  
v  - s c a l a r  value of  i t s  speed; 
f - fo rce  exerted on the  p a r t i c l e  by t h e  l i q u i d ;  
R - r ad ius  of  curva ture  of t he  p a r t i c l e  motion; 

T - u n i t  vec to r s  of tangent  and normal force;  

b  - u n i t  v e r t i c a l  vector ;  
i - a r b i t r a r y  u n i t  vec tor ;  
g - a c c e l e r a t i o n  due t o  g rav i ty ;  
p - mass d e n s i t y  of  l i q u i d ;  
A - mass d e n s i t y  of  p a r t i c l e s .  

Converting t o  t h e  non-dimensional form ( r e f .  4, equat ion l) ,  we obta in :  

where 1 - a  given l i n e a r  dimension of t h e  flow; 

d  - l i n e a r  dimension of t h e  p a r t i c l e .  
Dividing the  two s i d e s  of t h e  equat ion by d3Ag(l  - f), we o b t a i n  i n  t h e  

right-hand p a r t  of t h e  non-dimensional conibination: 

where the  fo rce  f i s  an unknown quan t i ty .  
For  a  p r e l i n ~ l n a r y  e s t ima te  of t h e  value f we make use of N.E. 

( 3  1 Zhukovski i ls  theory  of e l l i p t i c a l  v o r t i c e s  . 
Considering t h e  p a r t  of t h e  flow nea r  t h e  ground, N.E. Zhulcovskii 

assumed t h e  ex i s t ence  i n  t h i s  s e c t i o n  of e l l i p t i c a l  v o r t i c e s  p l ay ing  a  



pr ' incipal  r o l e  i n  the  p ~ ~ o c c s s  of creation of t hc  t u rbu len t  p u l s a t i o n s  r e s u l t -  

i n g  i n  t h e  suspension of t h t :  g r anu la r  nia tc l>ials .  This  was confirmed I n  t h e  

l a t e r  cxperirr~erlts of  G.  D z h i l l b e r t ,  L. P rand t l  and o t h e r s  ( r e f .  2, page 18). 
O n  t he  b a s i s  of thcse  expcrlnicnts t he  p a t t e r n  of t h l s  proctfss. is represen ted  

i n  the  followinp; form ( s e e  F i g .  I ) * .  

An e l l i p t i c a l  vor tex  A i s  forrr~ed i n  t he  p a r t  of' t h e  t u r b u l e n t  flow near  

t he  ground and suclts i n  p a r t l c l c s  s i t u a t e d  a long  t h e  s u r f a c e  1 - 1. These 

vo r t ex  f o r ~ ~ l a t i o n s  a r e  uns t ab l e .  They forni, i nc rease  i n  s i z e  and d i s i n t e g r a t e  

g iv ing  p l ace  t o  new ones.  

On disintegration t h e  ground ("bottorn") v o r t i c e s  e j e c t  a mass of l i q u i d  

M s a t u r a t e d  with  p a r t i c l e s  from t h e i r  hind p a r t .  

In I ts  genera l  f o r n ~  t h e  Slow func t ion  o f  t h e  e l l i p t i c a l  vo r t ex  f i e l d ,  

accord ing  t o  V.N. Goncharov ( r e f .  2 ,  page 2 0 ) ,  is :  

where a ,b  - maximum semiaxes of t h e  vor tex  core  (~lg. 1); 

v, - v e l o c i t y  a t  t h e  p o i n t  B. 

n  - a  f a c t o r  which accord ing  t o  N.E. Zhukovskil i s  equa l  t o  one and 

accord ing  t o  V.N. Goncharov equal  t o  two. 

We determine t h e  p re s su re  of t h e  i n t e r n a l  contour  AIBAB1 due t o  t h e  

s u c t i o n  of p a r t i c l e s  e n t e r i n g  t h e  zone of i n f luence  of t h e  vor tex .  

Let us t ake  t h e  Navier-Stokes equa t ion :  

where i , k  - 1,2 ,3  ... a r e  i n d i c e s  over  which sunmations a r e  c a r r i e d  ou t ;  

Sl - co~nponents of t h e  e x t e r n a l  f o r c e s ;  

p - mass d e n s i t y  of l i q u i d ;  

P - pres su re ;  

% i k  - viscous  s t r e s s  t enso r .  

For  t h e  sake of s in lp l i c i t y  we assume t h a t  i n  t h e  given i n t e r v a l  of time 

0 - t t h e  f i e l d  i s  s t a t i o n a r y .  For t h e  two-dln!ensional s t a t i o n a r y  vor tex  

equa t ion  ( 5 )  has  t h e  form: 

where v - kinematic  c o e f f i c i e n t  o f  v i 6 ~ 0 S i t : r .  

* This  schernc must be regarded a s  on ly  an approximate n~echanica l  model. A 
nore accu ra t e  r e p r e s e n t a t i o n  of t h c  process  is given by the  methods of 
s t a t i s t i c a l  phys ics .  



According t o  equation ( 1 1 )  we have: 
d ~ k  4 vx =- -= - -v3 - -  
dx, an 

@ vx n (n - I) x,"- ' 
I- 
s,;  d" 

S u b s t i t u t i n g  these expressions i n  ( 6 ) ,  mult iplying the f i r s t  equation 
( 6 )  by dx,,  and the second equation ( 6 )  by dx, and combining then] we get:  

1 n (n- 1) x:-' sn (n - 1) xy - ' - - d P + v V ,  [-dh- dx ,  - -- 
P ',n + I 

After  in tegra t ion  w e  have: 

A t  the  poin t  A (a ,  0 )  ( ~ i g .  1) l e t  the pressure be Po.  The pressure 
d i f ference  ( suc t ion)  within t h e  contour ABA'B i s  then wri t ten:  

Hence the suct ion  i s  equal t o  the  sum of th ree  terms, one of which 
depends on the  square of the forward veloci ty ,  the  second is proportioned t o  
the  same ve loc i ty  and the t h i r d  (piezometric term) is not  dependent on the  

ve loci ty .  
The r e s u l t  obtained serves a s  a b a s i s  f o r  the adoption of the  following 

working hypothesis : 
Force f  i n  expression ( 3 )  is equal  t o  the  sum of th ree  terms, one of 

which i s  propor t ional  t o  the square of the  forward ve loc i ty  of the  flow near 
the  around, the second d i r e c t l y  propor t ional  t o  the  same ve loc i ty  and the 
t h i r d  is  independent of the ve loc i ty .  



The b a s i c  f a c t o r s  ir1S7uer1cin~; thc  val-uc-1 of f' a r e  ( t h e  dimensional 

forrnulae a r e  shown i n  the  squarbc bracke ts :  P - fo rce ,  L - l ength ,  T - t irne):  

Mass d e n s i t y  of l i q u i d  p [ ~ ~ - 4 ~ 2 ]  

Viscos i ty  of l i q u i d  ~ [ F I , - ~ T ]  

Plean forlward v e l o c i t y  of flow V[LT- ' ] 
Accelerat ion due t o  g r a v i t y  i n  the  l i q u i d  ~ [ L T - ~ ]  

S i z e  of p a r t i c l e  d [ L ]  

According t o  the  theory  of dirnenslons: 

where a ,  - non-dimensional constance.  

We now cons t ruc t  t he  dirr~ensiona 1 equat lon:  
4 7' L '1 L T-ZJZILFL-~T]' ( [F) '=[FL-  I t [  1 [ * LT-IJZI 

z,  +r,= 1 

-.It, + % 2 + ~ a - 2 Z ~ + ~ g = 0  

whence : 

Hence : 

1 Assuming z,  = H ( 3  - I )  and z ,  = 2 - 1, w e  ob ta in  t h e  f i r s t  t h r e e  terms 

of t he  sum i n  f u l l  conformity with the  working hypothesis  formulated above: 

S u b s t i t u t i n g  ( 7 )  I n  ( 3 ) ,  we have: 

K, 
O r ,  a f t e r  introduction of t h e  cons t an t s  K ,  = 

0 

Let v ' b e  t h e  mean v e l o c i t y  f o r  t h e  l a y e r  of t h e  flow a t  a he igh t  equal  

t o  u n i t y  (1 m). Taking the  d i s t r i b u t i o n  of v e l o c i t i e s  nea r  t h e  ground 



( 6 ) .  according t o  S.A. Sapozhnlkov . 

where vy - wind speed a t  t h e  he igh t  y 
v, - wind speed a t  a h e i & t  of 1 m 
6 - l i n e a r  c h a r a c t e r i s t i c  of roughness. 

We determine the  niean v e l o c i t y  i n  the  l a y e r  from 0 t o  y: 

Because of t he  sniall value of 6, y 1" y - 6. 

The r e f  o re  : 

( e  - b a s i c  Napier logari thm ( e  = 2.718 . . . ) ) .  
Employing formula (10)  we determine, a f t e r  a simple t ransformation,  

Vl mean9 express ing  t h i s  value i n  terms of  v, and vy: 

The i n i t i a l  per iod of motion of heavy macropar t ic les  i n  l i q u i d  o r  

gaseous medium is cha rac t e r i zed  by t h r e e  v e l o c i t i e s :  
( 1 )  v t  - c r i t i c a l  o r  "non-moving" v e l o c i t y  a t  which complete absence of 

p a r t i c l e  motion i s  assured;  
( 2 )  v" - th reshold  v e l o c i t y ,  1 . e .  v e l o c i t y  a t  which sepa ra t e  p a r t i c l e s  

begin t o  break away from the  su r face  and t o  be d isp laced;  
( 3 )  v"' - upper c r i t i c a l  ve loc i ty ,  1 . e .  v e l o c i t y  a t  which mass motion of 

p a r t i c l e s  begins .  
For t h e  case of sand i n  water  ("sand + water" )  t h e  fo l lowing  r e l a t i o n s  

between these  v e l o c i t i e s  have been e s t ab l i shed  ( r e f .  7, page 443): 

If K,, Po and f3, have been determined from t h e  condi t ions  of non-motion 
of  s u r f a c e  p a r t i c l e s ,  then i n  formula (8) we s h a l l  have v = v l .  

Let u s  assume t h a t  t h e  parameters K,, Po and f3, determined i n  t h i s  
manner a r e  cons tan t ,  independently of t h e  c h a r a c t e r  of t h e  medium i n  which 
t h e  p a r t i c l e s  a r e  moving. To v e r i f y  t h i s  suppos i t ion  we may take  two very 



d i f f e r e n t  media such a3 watcr  and a l r .  

We ert~ploycd t he  c x i s t i n g  experillrental va lue  v '  for-  t h e  caoc of  "sand + 
water" .  Ca l cu l a t i ono  showed t h a t  t h c  fo l lowing  riurner.lcal va lues  for. t h e  

pa r a~ i l e t e r s  of fornrllula (8) corr.c:.sponded c l o s e l y  t o  t h i s  va lue :  

The l i n e a r  c h a r a c t e r i s t i c  of t h e  roughness 6 was c a l c u l a t e d  acco rd ing  

t o  V.N.  Goncharovfs d a t a  ( r e f .  2, pages 46-48) f o r  t h e  v e l o c i t y  d i s t r i b u t i o n  

i n  dep th  as  i n d i c a t e d  i n  F ig .  2 .  On t h e  average l o g  6 = -11.75" (broken l i n e  

i n  F i g .  2 ) .  

For  sand w e  have t aken  A = 276 - l o 3  e. For  wa t e r  a t  a  temperature  . A . . ,  . 

1 5 " C ,  p = 102 l 0 3  s c c 2  , v = 1. 114 - rn2/sec. Acce l e r a t i on  due t o  
n14 

g r a v i t y  g = 9 . 8  nJsec2. 

I n  F i g .  3 we g ive  t h e  curve  v,, , = f ( d ) ,  cons t ruc t ed  accorlding t o  

forniulae (8)  and ( 1 2 ) .  This  f i g u r e  r e v e a l s  t h e  meaning of  t h e  c r i t i c a l  

v e l o c i t y  determined by V . N .  Goncharov ( r e f .  2,  page 158) f o r  q u a r t z  p a r t i c l e s  

of an  average  s i z e  of  0 .35 - 39.3 and reduced t o  a  f low dep th  o f  0 . 1  n.  I n  

a d d i t i o n ,  we have p l o t t e d  t h e  d a t a  o f  Dzhalstrom ( r e f .  9, page 160) on q u a r t z  

p a r t i c l e s  o f  ve ry  smal l  s i z e .  

The value  vo . , mean f o r  srnall p a r t i c l e s  i s  due t o  t h e  i nc r ea s ed  
i n f l u e n c e  o f  t h e  v i s c o s i t y  o f  t h e  medium and a l s o  t o  t h e  i n c r e a s e  i n  t h e i r  

s p e c i f i c  a r e a s ,  which i n c r e a s e s  t h e  cohes ion  between minute p a r t i c l e s ,  

i n h i b i t i n g  t h e i r  removal from t h e  s u r f a c e  o f  t h e  ground o r  snow cover .  

S u b s t i t u t i n g  t h e  above c i t e d  va lues  K,, P, and Po In formula ( 8 )  we 

f lnd : 

where E, = 3,5g ($-I ) 

D i f f e r e n t i a t i n g  t h e  r ight-hand p a r t  of ( 1 4 )  wi th  r e s p e c t  t o  d  and 

p u t t i n g  t h e  r e s u l t  equa l  t o  ze ro ,  we o b t a i n  t he  c o n d i t i o n  o f  minimum vfmean. 

A t  t h i s  va lue  o f  d t h e  c r i t i c a l  v e l o c i t y  i s  a  minimum. For  v e l o c i t y  

s m a l l e r  than  vfmin t h e r e  w i l l  be no removal of p a r t i c l e s  ( e r o s i o n ) ,  a s  though 

* S t r i c t l y  speak ing  t h e  roughness 6 depends on t h e  s i z e s  d  o f  t h e  p a r t i c l e s  
forming t h e  bed of  t h e  f low and on l o g  6,  a s  can  be determined from t h e  
  lope o f  t h e  d o t t e d  l i n e s  i n  F ig .  3, and v a r i e s  from -4 t o  -5.3. 



t h c r e  were no p a r t i c l e s  of srnall dirncnsions. 

Thc valucs  of E, and E, ( f o l b  d e x p l ~ s s c d  i n  m l n )  a r e  dcr ivcd  f o r  var ious  

media and p a r t i c l e s  and a r e  given i n  Table  I. 

The va lucs  of d  and v ~ , , ~ ~ ~  c a l c u l a t e d  accord ing  t o  forlnul ae  (111) and 

( 15)  a r e  given i n  Table 11. 

The curvcs  of v t ,  = f ( d )  f o r  tho ca se s  " a i r  + sand" and "air .  + s o i l  

p a r t i c l e s "  ( s e e  F i g .  4 )  a r e  der ived fro111 t h e  da t a  of Table I and I1 and 

forr,iulae (11) and ( 1 1 1 ) .  They aC;ree we l l  wi th  t h e  exper i r r~ental  Cata of M.A. 

Sol<olov ( I .  1, page 20'1) and Chepi l  and ~ a l l n ( ' ~ ) ,  conf i rming ou r  assump- 

t i o n  about  t he  constancy of  t he  p a r a ~ ~ e t c r s  K2 and B , .  Si ln i la r  cul-ves have 

been cons t ruc ted  a l s o  f o r  " a i r  + snow". 

According: t o  G.D .  R i k h t e r l s  da t a  ( r e f .  5, page 29) snow i s  n o t  blown 

away a t  wind speeds of l e s s  than 2 nJsec, r e g a r d l e s s  of t h e  s t a t e  of  t h e  snow 

cover  o r  the  s i z e  of  t he  snow p a r t i c l e s .  This  corresponds t o  t h e  value of 

V: n i n  = 1.93 nJsec i n  Table 11. 

According t o  t h e  da t a  of A . A .  Komarov, a  co l labora to l -  of TEI ZSFAN*, a t  

a  mean snow p a r t i c l e  s i z e  of approximately  0 . 5  nun snow i s  no t  t r anspo r t ed  a t  

speeds  v  of l e s s  than  3 rifsec, corresponding t o  t he  broken l i n e  curves  I n  

F ig .  4 .  

The mass t r a n s p o r t  of d r i f t i n g  snow p a r t i c l e s  of approximately  0.5 mm 
i n  d iameter  i n  t he  absence of p rev ious  thawing begins ,  accord ing  t o  

formulae (17 , )  and ( 1 4 ) )  a t  upper wind speeds v"' = 2.68 . 1.56 = 4 .2  n / sec ,  

assuming t h a t  equa t ion  ( 1 7 )  ap l i e s  t o  t h e  snow and t h e  wind flow. According 

t o  t h e  d a t a  of  A.W. Khrgian(8B, TsNII PIPS** and T G I  ZSFAN, t h e  t r a n s p o r t  of 

snow r e a l l y  beings a t  wind speeds of  v ,  = LC - 4 .5  n / sec .  

A f t e r  thawing and r e f r e e z i n g  of  t h e  s u r f a c e  c r y s t a l s  ( " r e g e l a t i o n " )  and 

wind packing of t he  s u r f a c e  of t he  snow cover ,  t he  l a t t e r  becomes covered by 

a  so-ca l led  " c r u s t "  which possesses  g r e a t e r  r e s i s t a n c e  t o  e ros ion .  The value 
( 5 )  v, I t '  under t h e s e  cond i t i ons  i n c r e a s e s  t o  10 nJsec and more . 

The degree of r e s i s t a n c e  t o  e ros ion  depends on t h e  va lue  of t h e  snow 

cohesion.  

I f  t he  snow is  somewhat b r i t t l e ,  then t he  value of t h e  adhesion depends, 

a s  was i nd i ca t ed  above, on t h e  s i z e  of  t h e  snow p a r t i c l e s .  This  can be 

determined by r e p r e s e n t i n g  t h e  pheno~nenon a s  fo l lows  ( s e e  F i g .  5 ) .  

L e t  us cons ide r  t h r e e  cubic  p a r t i c l e s  a , ,  a ,  and a ,  of  s i d e  d .  

+ Thermal Power I n s t i t u t e  of West S i b e r i a n  Branch, Academy of Sc iences  
USSR. 

** Cen t r a l  S c i e n t i f i c  Research I n s t i t u t e ,  Min is t ry  of  Transpor t .  



P a r t i c l e s  a ,  and a,  a r e  on a given plane while a, is r a i sed  t o  a plane 

a t  the  he ight  $. Thc d i s t ance  between t-he p a r 8 t i c l e s  i s  d .  
'- 

I f  t h e r c  were no r e s i s t a n c e  t o  the  f a l l  of p a r t i c l e  a, it would f a l l  

towards t h e  su r face  a t  a  r a t e  vil = 43. Ilowever, su r f ace  viscous fo rces  

oppose t h i s  motion. 

S u b s t i t u t i n g  vH = we ob ta in  

The t h i r d  term of formula (8 )  i n  t h e  numerator of t h e  right-hand s i d e  

can e a s i l y  be expressed i n  terms of .co 

This  i s  the  phys ica l  i n t e r p r e t a t i o n  of t he  t h i r d  term of equat ion 8. 
P, I n  t he  genera l  case t h i s  term i s  equal  t o  - T, where T > -co f o r  a  packed o r  
P 

f rozen snow cover.  

Comparisons of t he  condi t ions  a t  the  s t a r t  of e ros ion  of var ious 

granular  ma te r i a l s  i n  var ious media give the  b a s i s  f o r  de r iv ing  a  f i r s t  

approximation t o  the  c o r r e c t  formula f c r  determining t h e  c r i t i c a l  speed v l ,  . 
It w i l l  have t h e  form 

From what has been s a i d  the  fol lowing conclusions may be drawn: 

( 1 )  The phenonienon of e ros ion  of loose snow is  a  p a r t i c u l a r  case of t h e  

e ros ion  of var ious granular  ma te r i a l s  i n  water and i n  a i r  and depends on the  

same parameters .  

( 2 )  The l a r g e r  t h e  values  of 6 ,  d and T t h e  p;reater w i l l  be the  c r i t i c a l  

v e l o c i t y  of t h e  a i r  flow required t o  i n i t i a t e  snow eros ion  a t  ground l e v e l .  

Therefore  t h e  measures t o  be taken t o  prevent  e ros ion  rnust consider  t h e  

follovring: ( a )  t he  roughness of t h e  snow sur face ,  ( b )  t he  diameter  of the  

su r face  p a r t i c l e s ,  ( c )  t h e  adhesion between the  su r face  p a r t i c l e s .  

In pursuance of the  considerat lol ls  prcscnted i i l  t h i s  paper a d d i t i o n a l  

experimental  ma te r i a l  i s  required f o r  f u r t h e r  developr,ient of t he  theoretical 

conc I us ions . 
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Average and 
la rge  p a r t l c  l e s  

.... Water + sand to = 15O. 

................ A i r  + sand 
A i r  + s o i l  p a r t i c l e s ,  to = 

... 20°, pressure 760 m i . .  

A i r  + snovr, to  = - l o0 ,  
......... pressure 760 I I I I ~ .  

_I.I: sec  sec2 

m 1 t114 

Table I1 

I) Density of f l akes  r e l a t ed  t o  mean according t o  Nakaiya (g ranu la r  and 
d e n d r i t i c  ) and according t o  the  da ta  of Prof .  A . D .  Zamorskil. 

Medium and 
la rge  p a r t i c l e s  

Kater + sand..  ....... 
......... A i r  + sand. .  

A i r  + s o i l  p a r t i c l e s .  

......... A i r  + snow.. 

2)According t o  Bagnold . See F i g .  2 and r e f .  10. 

3)According t o  Chepll and Milne. F i g .  2  and r e f .  10. 

4See  a u t h o r ' s  paper on "Vertical d i s t r i b u t i o n  of s o l i d  f l u x  i n  a  snow-wind 
flow" i n  t h i s  c o l l e c t i o n .  (NRC TT-999). 

v  ' 
n in  

v,., mean = 0.24 rdsec 
trlln 

v' = 2.92 d s e c  ' min 

v1  = 2.88 d s e c  ' min 

v I = 1.93 d s e c  ' min 

log 6 

-4.75 

-4 .682' 

-3.12 ') 

-4.854) 

d t r n l 1  

0.56 

0.035 

0.03 

0 .1  
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Diagrati~ of a n a l y t i c a l  vor tex  
a t  t h e  ground 
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Fig. 2 

Veloc i ty  p r o f i l e  of a flow 
of water  and wind 



Graph of the  f u n ~ t i o n  v r  = f ( d )  for t h e  
case of sand + water" 

ysec Graph v; = f (d) 
/I 0 

10.0 . - - - - - - - - - - - air + sand 
----- a i r  + S o 1 1  pattlcles 
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Graph of the  func t ion  v; = f ( d )  f o r  Diagram f o r  t he  de r iva t ion  
t h e  case  of motion of heavy of  forinula (16)  

p a r t i c l e s  i n  a flow 
of a i r  


