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A t  t h e  h igh  wind speeds necessary f o r  s a l t a t i o n  on Mars, i n d i v i d u a l  
sand g ra ins  assume re1 a t i v e l y  long 1  ow angle t r a j e c t o r i e s  compared w i t h  
those on t h e  Earth. Wi l l iams and Greeley [I] argued t h a t  s a l t a t i n g  g ra ins  
on Mars do n o t  t r a n s m i t  s u f f i c i e n t  momentum t o  the  sur face f o r  entrainment 
o f  secondary gra ins ,  and they concluded t h a t  the  Mar t ian  s a l t a t i o n  c loud 
has a  low number d e n s i t y  and t h e  sediment f l u x  i s  weak. I have developed 
a  computer model i n  order  t o  examine t h e  e f f e c t s  o f  bo th  t h e  wind f i e l d  
and sur face c o l l i s i o n s  on t h e  Mart ian s a l t a t i o n  c loud;  r e s u l t s  a re  
summarized here. 

Grain t r a j e c t o r i e s  were der ived by numerical s o l u t i o n  o f  t h e  exact 
two-dimensional equat ions o f  motion f o r  a  spher ica l  sand g r a i n  embedded i n  
an a r b i t r a r y  wind f i e l d  [2]. The s a l t a t i n g  g r a i n  c o l l i d e s  w i t h  an 
i n d i v i d u a l  sur face g r a i n  a t  a  randomly chosen p o i n t  w i t h i n  a  c o l l i s i o n  
c ross  sec t i on  de f i ned  by t h e  c o l l i d i n g  g r a i n  and t h e  sur face gra ins.  The 
sur face g r a i n s  1  i e  i n  mutual contac t  on a  ho r i zon ta l  plane. This 
c o l l i s i o n  model 131 does no t  account f o r  entrainment o f  secondary gra ins ;  
i t  focuses on l y  on t h e  pr imary s a l t a t i n g  g r a i n  whose behavior  dominates 
t h e  s a l t a t i o n  c loud  [4]. The ho r i zon ta l  and v e r t i c a l  speeds o f  a  
s a l t a t i n g  g r a i n  j u s t  a f t e r  c o l l i s o n  a re  res tored t o  a  f r a c t i o n  of t h e  
speeds before  c o l l i s i o n  i n  p ropo r t i on  t o  two c o e f f i c i e n t s  o f  r e s t i t u t i o n ,  
EN and ET (F igure  1). The v e r t i c a l  wind speed i s  zero and t h e  ho r i zon ta l  
wind speed v a r i e s  w i t h  he igh t  according t o  a  l o g a r i t h m i c  d i s t r i b u t i o n  [5] 
as scaled by t h e  wind-shear speed. 

The h o r i z o n t a l  speed versus inc idence angle f o r  a  s i n g l e  sal t a t i n g  
g r a i n  j u s t  be fo re  each o f  100 successive, random c o l l i s i o n s  w i t h  a  sur face 
o f  s i m i l a r - s i z e  g r a i n s  i s  shown i n  F igures 1 and 2. The d i s t r i b u t i o n  o f  
inc idence speeds and angles assumed by one g ra in  i n  t h i s  model 
charac ter izes  reasonably we1 1  t h e  q u a n t i t a t i v e  phys ica l  processes i n  t h e  
s a l t a t i o n  cloud. Sal t a t i  ng g ra ins  (F i  gure l a )  t h a t  t r a n s f e r  small 
f r a c t i o n s  o f  t h e i r  h o r i z o n t a l  momentum t o  the  surface (ET=0.5) a t t a i n  
h igher  speeds, r i s e  h igher  above the  surface, and achieve longer 
t r a j e c t o r i e s  than do sal t a t i n g  g ra ins  (F igure l b )  t h a t  t r a n s f e r  l a r g e r  
amounts o f  momentum (ET=0.2) ; r e l a t i v e l y  small d i f f e r e n c e s  i n  t he  
c o e f f i c i e n t s  o f  r e s t i t u t i o n  y i e l d  s i g n i f i c a n t  d i f f e rences  i n  the  s a l t a t i o n  
cloud. These conclus ions remain v a l i d  f o r  wind-shear speeds a t  t h e  
s a l t a t i o n  th resho ld  (F igure  2). As shown i n  F igure 2b, g ra ins  can both  
assume long  t r a j e c t o r i e s  and t r a n s f e r  l a r g e  amounts o f  momentum t o  t h e  
sur face f o r  the  r a p i d  development of t h e  s a l t a t i o n  cloud. Nevertheless, 
because t h e  s u r f a c e - c o l l i s i o n  parameters of s a l t a t i n g  Mart ian sediments 
are  unknown, the  development and e f fec t i veness  o f  t h e  s a l t a t i o n  c loud 
remain unce r ta i  n. Sur face-col l  i s ion  parameters f o r  spher ica l  sand g ra ins  
on Mars cou ld  be more accu ra te l y  charac ter ized by scaled l abo ra to ry  
experiments. 
References: [I] Wil l iams,  S.H., and R. Greeley, 1986, Abs. Lun. Planet, 
Sci. Conf., 17th, p, 952-953; [2] White, B,R. e t  a l . ,  1975, NASA TM 
X-62463, 200 p; [3] MacKinnon, D.J., 1986, NASA TM 88383, p. 254-256, 
[4] Mitha, S .  e t  al., 1985, Brown bag p r e p r i n t  se r i es  i n  bas ic  and app l i ed  
sciences, Ca l i f ,  I n s t .  Tech., BB-36, 25 p; [5] Bagnold, R,, 1941, The 
physics o f  blown sand and deser t  dunes: London, Chapman and Hal 1  , 264 p  
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F igure 2 - Same as Figure 1 except t h a t  t h e  wind-shear speed (USTAR) i s  
set  equal t o  t h e  threshold wind-shear speed f o r  t h e  s a l t a t i n g  gra in .  




