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WE I N I T I A T I O N  OF G R A I N  MOVEMENT BY W I N D  

W.G.  Nick l ing ,  Un ive r s i ty  of Guelph, Guelph, On ta r io ,  Canada. 

When a i r  blows a c r o s s  t h e  s u r f a c e  of d r y , l o o s e s a n d ,  a c r i t i c a l  shea r  

v e l o c i t y  ( f l u i d  th re sho ld ,  U ) must be a c h i e v e d - t o  i n i t i a t e  motion. 

However, s i n c e  most n a t u r a l  sediments  c o n s i s t  of a range of g r a i n  s i z e s ,  

f l u i d  t h r e s h o l d  f o r  any sediment can n o t  r e a l l y  be  def ined  by a f i n i t e  va lue  

b u t  should be viewed as a th re sho ld  range which is  a func t ion  of t h e  mean 

s i z e ,  s o r t i n g  and packing of t h e  sediment.  I n  a d d i t i o n  t h e s e  t e x t u r a l  

parameters can i n d i r e c t l y  a f f e c t  v a r i o u s  i n t e r p a r t i c l e  f o r c e s  such as 

c a p i l l a r y  water t e n s i o n  and e l e c t r o s t a t i c  charges  which tend t o  bend 

?-ndividual g r a i n s  t o g e t h e r ,  thereby  i n c r e a s i n g  f l u i d  th re sho ld  and de- 

c r e a s i n g  t h e  supply  of g r a i n s  t o  t h e  a i r  stream. 

*t 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  i n i t i a t i o n  of p a r t i c l e  movement by wind 

a series of wind t u n n e l  t es t s  w a s  c a r r i e d  out  on a range of sc reened  sands  

and commercially a v a i l a b l e  g l a s s  beads of d i f f e r i n g  mean s i z e s  ( range:  

0.19mm t o  0.77mm), s o r t i n g  and shape c h a r a c t e r i s t i c s .  I n  a d d i t i o n ,  

i n d i v i d u a l  samples of t h e  g l a s s  beads w e r e  mixed t o  produce r a t h e r  poor ly  

s o r t e d  bimodal d i s t r i b u t i o n s .  I n  t h e  wind tunne l  tests a s e n s i t i v e  laser 

moni tor ing  system w a s  used i n  conjunct ion  wi th  a high speed counter  t o  

d e t e c t  i n i t i a l  g r a i n  motion and t o  count i n d i v i d u a l  g r a i n  movements. T e s t  

r e s u l t s  sugges t  t h a t  when v e l o c i t y  i s  s lowly inc reased  over  t h e  sediment 

s u r f a c e  t h e  smaller o r  more exposed g r a i n s  are f i r s t  e n t r a i n e d  by t h e  f l u i d  

d rag  of  t h e  a i r  e i t h e r  i n  s u r f a c e  c reep  or i n  s a l t a t i o n .  

t i n u e s  t o  rise, t h e  l a r g e r  o r  more p r o t e c t e d  g r a i n s  may a l s o  b e  moved by 

f l u i d  drag. On s t r i k i n g  t h e  s u r f a c e  s a l t a t i n g  g r a i n s  impart  momentum t o  

s t a t i o n a r y  g r a i n s  thereby  reducing  t h e  f l u i d  drag  necessary  for entrainment  

A s  v e l o c i t y  con- 
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(dynamic o r  impact t h r e s h o l d ) .  As a r e s u l t ,  t h e r e  is a cascade e f f e c t  i n  

which a few g r a i n s  of vary ing  s i z e ,  i n i t i a l l y  moving over  a range of shear  

v e l o c i t i e s  ( f l u i d  th re sho ld  range) set  i n  motion a r a p i d l y  i n c r e a s i n g  

number of s t a t i o n a r y  g r a i n s .  Th i s  t r a n s i t i o n  occur s  very  r a p i d l y  and is  

a f f e c t e d  by t h e  s o r t i n g ,  packing and shape of t h e  s u r f a c e  g r a i n s .  

r a p i d  p rogres s ion  from f l u i d  t o  dynamic th re sho ld ,  based on t h e  number of 

g r a i n  movements, can be c h a r a c t e r i z e d  by a hype rbo l i c  func t ion ,  t h e  

c o e f f i c i e n t s  of which are d i r e c t l y  r e l a t e d  t o  t h e  t e x t u r a l  c h a r a c t e r i s t i c s  

of t h e  i n i t i a l  sediment.  The d a t a  a l s o  i n d i c a t e  t h a t  p r e d i c t e d  th re sho ld  

va lues  based on t h e  modified Bagnold equa t ion  ( Ive r sen  e t  a l ,  1976) f a l l  

w i t h i n  t h e  range of t h re sho ld  va lues  de f ined  by t h e  t r a n s i t i o n  s e c t i o n  of 

t h e  g r a i n  movement/shear v e l o c i t y  p l o t s .  Moreover, t h e  p r e d i c t e d  va lues  

are very  s i m i l a r  t o  t h e  th re sho ld  va lues  der ived  f o r  t h e  p o i n t  of maximum 

i n f l e c t i o n  on t h e  curves .  

The 
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