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Aeol ian  a c t i v i t y  may be impor t an t  on Venus, p a r t i c u l a r l y  i n  t h e  absence  of 
l i q u i d  water .  S u r f a c e  winds have been measured up t o  1.3 m/sec (1)  which, 
combined wi th  t h e  h igh-dens i ty  carboo-dioxide atmosphere,  a r e  probably  s u f f i -  
c i e n t  t o  cause e r o s i o n  and t r a ~ l s ~ o r t a t i o n  of l o o s e  s u r f a c e  m a t e r i a l s  (2) .  
A s s e s s i ~ l g  t h e  c h a r a c t e r i s t i c s  of a e o l i a n  p roces se s  w i l l  a l l ow  g r e a t e r  under- 
s t a n d i n g  of ve~ lus i a i l  sed imentary  t u d g e t s  oa both l o c a l  and g l o b a l  s c a l e s .  

The o b j e c t i v e  of t h i s  s t u d y  was t o  u se  t h e  Venus Wind Tunnel (VWT) (3)  t o  
measure t h e  f l u x  of wind blown p a r t i c l e s  and r e l a t e  t h e  f l u x  t o  v a r i o u s  bed- 
forms f o r  a  range  of a tmosphe r i c  p r e s s u r e s  ( d e n s i t i e s ) ,  p a r t i c l e  s i z e s ,  and 
wind v e l o c i t i e s .  A t  ambient t empera tu re s ,  t h e  s c a l e d  venus ian  a tmosphe r i c  
p r e s s u r e  i n  VWT i s  30 bars .  The lower o p e r a t i o n a l  l i m i t  o f  VWT i s  2  ba r s  
which was used t o  approximate t e r r e s t r i a l  cond i t i ons .  Measurements were 
o b t a i n e d  f o r  a  range  o f :  1 )  p a r t i c l e  s izes- - inc luding  611.1 t o  881.1 q u a r t z  
s a n d s ,  which a r e  t h e  e a s i e s t  t o  move ( 3 )  under venus ian  cond i t i ons ;  a  range  of  
2 )  v e l o c i t i e s ;  and ,  3) a tmosphe r i c  p r e s s u r e s  ( 2  t o  40 bars ) .  The t o t a l  f l u x  
( 0  = gm/cm/sec) was measured by c o l l e c t i n g  and weighing t h e  amount of m a t e r i a l  
blown over  t h e  edge of t h e  test p l a t e  pe r  u n i t  t ime.  Under t e r r e s t r i a l  mndi -  
t i o n s ,  t h i s  would be somewhat arlalogous t o  measuring t h e  f l u x  of an e n t i r e  
dune f i e l d  r a t h e r  t han  j u s t  t h e  f l u x  of s a l t a t i n g  p a r t i c l e s .  T h e r e f o r e ,  i t  
was impor tan t  t o  measure and obse rve  t h e  bedforms produced i n  t h e  wind t u n n e l  
th roughout  t h e  exper iments  be fo re  i n t e r p r e t i n g  t h e  f l u x  r e s u l t s .  

The bed forms produced under venus i an  coad i t  i o n s  were approximate ly  t h e  
s i z e  of r i p p l e s  on Ear th .  However, t hey  behaved much l i k e  t e r r e s t r i a l  dunes: 
t h e  bedforms developed s l i p  f a c e s  w i th  concommitant s e p a r a t i o n  of a i r f l o w  from 
t h e  c r e s t  and t h e  pa th  l e n g t h s  of  s a l t a t i n g  p a r t i c l e s  were s h o r t  i n  r e l a t i o n  
t o  t h e  bedforms. A t  a  v e l o c i t y  20% above t h r e s h o l d ,  t h e  bedforms were s m a l l ,  
asymmetric  r i d g e s  about  1  an high  and 10 an long. The average  he ight - to-  
l e n g t h  r a t i o  (1:13)  was c o n s i s t e n t  w i th  r a t i o s  f o r  t e r r e s t r i a l  dunes ( 4 ) .  
Pa th  l e n g t h s  of  s a l t a t i n g  p a r t i c l e s  were s h o r t  i n  r e l a t i o n  t o  t h e  bedforms and 
p a r t i c l e s  were not  observed t o  s a l t a t e  from one bedform t o  t h e  next .  The 
bedforms migra ted  a t  a  cons t an t  v e l o c i t y  of 0.045 cm/sec, c o n t i n u a l l y  burying 
and re-exposing m a t e r i a l .  

F lux  under verlusian condi t ior l s  showed s h o r t  term o s c i l l a t i o n s ,  which is a  
r e f l e c t i o r l  of t h e  mig ra t ion  of  t h e  bedforms. Maximum f l u x  (0.028 gm/cm/sec) 
corresponded t o  t h e  dune c r e s t s  ; minimum f l u x  (0.004 gm/ cmlsec) oorresponded 
t o  dune t roughs .  I n  -Ea r th l ike  c o n d i t i o n s  t h e  bedforms were s m a l l ,  symmetric  
r i p p l e s  0.3 an h igh  and 3  an long. However, a t  t h i s  low p r e s s u r e  (2  b a r s )  i t  
i s  d o u b t f u l  t h a t  a  f u l l y  developed ,  t u r b u l e n t  boundary l a y e r  evolved and t h e  
r e s u l t s  may be anomalous. T o t a l  f l u x  was 0.023 t o  0.047 gm/an/sec and was 
s t e a d y ,  u n l i k e  t h e  o s c i l l a t o r y  p a t t e r n  observed f o r  t h e  venus ian  runs.  Sa l t a -  
t i o n  t r a j e c t o r i e s  were high and p a r t i c l e s  s a l t a t e d  from one bedform t o  t h e  
nex t  downwind, t y p i c a l  f o r  t e r r e s t r i a l  r i p p l e s .  

A t  h igh  a tmospher ic  p r e s s u r e s  (40  ba r s )  and a  v e l o c i t y  tw ice  t h a t  of 
t h r e s h o l d ,  bedforms were low, asymmetric  r i d g e s  0.4 cm high  and 10 an long. 
The s a l t a t i o n  pa th  l e n g t h s  were longer  than  t h o s e  observed under s imu la t ed  
venus i an  co i ld i t ions  and p a r t i c l e s  s a l t a t e d  from one bedform t o  t h e  n e x t ,  much 
l i k e  t e r r e s t r i a l  r i p p l e s .  N e v e r t h e l e s s ,  each bedform developed a  s m a l l ,  well-  
de f ined  s l i p  f a c e  v e r y  s i m i l a r  t o  t h e  verlusian "dunes." These exper iments  
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show t h a t  dune-l ike bedforms develop  w i t h i n  a  c e r t a i n  regime of a tmosphe r i c  
p r e s s u r e ,  wind v e l o c i t y ,  and p a r t i c l e  s i z e .  Prel imir iary r e s u l t s  i n d i c a t e  t h a t  
"du~ le s "  a r e  l e s s  w e l l  developed when v e l o c i t i e s  exceed tw ice  t h e  t h r e s h o l d  
v e l o c i t y  o r  when p a r t i c l e  s i z e  is  much g r e a t e r  than  88 Dm. No bedforms 
developed a t  venus ian  p r e s s u r e s  f o r  winds g r e a t e r  t han  -2.3 above t h r e s h o l d .  

Obse rva t ions  i n  t h e  VWT i n d i c a t e  t h a t  f l u x  of windblown p a r t i c l e s  on 
Venus is  dependent  on g r a i n s  moving by r o l l i n g ,  t r a c t i o n ,  and s a l t a t i o n  and by 
movement of m a t e r i a l  i n  dune- l ike  bedforms. S a l t a t i o n  and t r a c t i o n  appear  t o  
be p r e s s u r e  dependent ,  w i th  t r a c t i o n  becoming more impor tan t  a t  h igh  pres-  
s u r e s .  Fu tu re  work w i l l  d e f i n e  a  pressure/velocity/particle s i z e  m a t r i x  f o r  
bedform development f o r  t h e  complete a tmospher i  c -dens i ty  spectrum f o r  t e r r e s -  
t r i a l ,  m a r t i a n ,  and venus i an  c o n d i t i o n s ;  a d d i t i o n a l  s t u d i e s  of t h e  venus ian  
bed forms w i l l  f ocus  on p a r t i  c l e - s i z e  g rad ing  and i n t e r n a l  s t r u c t u r e  and t h e  
r e s u l t s  w i l l  be a p p l i e d  t o  t h e  a n a l y s i s  of Venera images. 
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