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The resu l t s  of an invest igat ion into flow phenomena taking place in the region behind spheres  
and other  sol ids for  Mach number s  of 2, 3, and 4 a r e  p resen ted .  Visual izat ion of the flow 
by means  of a s o o t - o i l  f i lm shows that s t rong c ro s s  cu r r en t s  exis t  in the region of meet ing 
of the flows. 

The p rob lem of flow in the region behind solid bodies is pe rhaps  the s imp le s t  of all  p rob l ems  re la t ing  
to b reakaway  flows. Despi te  the la rge  n u m b e r  of pape r s  which have been wr i t ten  and advances  made in this 
connection, however,  this p rob l em is st i l l  f a r  f r o m  being solved.  In many  ca se s  we have no knowledge of 
the t rue  p ic ture  of the flow, quite apar t  f r o m  the a lmos t  comple te  absence  of f inished theore t ica l  and 

Fig. 1. Spher ica l  model  in a superson ic  flow at 
M = 2 (the pa r t  of the bot tom holder  photographed 
is shown in the rectangle) :  a) holder  a f te r  the ex-  
pe r iment ,  covered  with a soot--oi l  f i lm; b) scan  of 
the su r face  of the holder  obtained by s u p e r i m p o s -  
ing the pape r  (c). 
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Fig. 2. -Scheme of the flow behind a sphere  
subjected to a superson ic  c i rcumfluent  s t r e a m .  

exper imenta l  invest igat ions into the hea t -  and m a s s -  
t r a n s f e r  effects  a s soc ia ted  with the b reakaway of the 
flow. There; is ce r t a in ly  insuff icient  evidence as to the 
na ture  of the flow in the actual  b reakaway  region and 
in the region encountered a f t e r  the ex te rna l  flow has 
been joined.  In the gene ra l ly -accep ted  model  of plane 
or a x i s y m m e t r i c  C h a p m a n - K o r s  t flow [1, 2] it is gen-  
e r a l ly  assumed that this junction is effected in planes 
n o r m a l  to the su r face  of the body, and in the a x i s y m -  
m e t r i c  case  pass ing  through the s y m m e t r y  axis of the 
la t te r .  It was es tab l i shed  in [3] that in the depar tu re  
of a supersonic  flow f r o m  a step,  t h e  flow is not two- 
dimensional  but is compl ica ted  by r egu la r  t r a n s v e r s e  
cu r ren t s ,  A s i m i l a r  phenomenon was desc r ibed  in [4]. 
On the  other  hand under  analogous conditions in [5] and 
in our own s i m i l a r  expe r imen t s  no such c r o s s  cu r r en t s  
were  recorded  at all.  

It was found in [6] when studying the b reakaway of a flow f r o m  the side of a cyl indr ica l  solid with an 
expanding tail sec t ion  that  there  was no axial  s y m m e t r y  at all  in the b reakaway flow. However,  in an 
analogous case  [7] with a high M number  no deviat ions f rom axial  s y m m e t r y  were  obse rved .  

When studying b reakaway  flow in the case  of a supersonic  s t r e a m  pass ing a round a s e r i e s  of spheres ,  
we made  the region of confluence v is ib le  by deposit ing a s o o t ' o i l  f i lm on the bot tom suppor t  holding the 
model .  T e s t s  were  c a r r i e d  out in a supersonic  aerodynamic  tube at M numbers  of 2, 3, and 4. The Rey-  
nolds number  calcula ted f r o m  the d i a m e t e r  of the sphere  lay in the range Re = 2.3-5.4" 10 6. The holder  had 
a sl ightly conical  f o r m  as indicated in Fig. 1. As our visual izat ion of the flow c l ea r ly  shows, the axia l ly-  
s y m m e t r i c a l  f o r m  of the flow, which h i ther to  acted as a bas i s  for  genera l  d i scuss ions  and seh l i e ren  photo- 
graph analyses ,  and which was a s s imi l a t ed  into the c l a s s i ca l  flow of model,  is en t i re ly  absent .  By way of 
example ,  Fig. 1 i l lus t ra tes  the pas sage  of a flow with a Mach number  of M = 2.0 around a sphere ,  as con-  
s t ruc ted  f rom the cor responding  sch l i e ren  photographs .  Figure  lb  shows the holder  (covered with a s o o t -  
oil film) af ter  the exper imen t .  The region photographed is indicated in Fig. l a  by a broken  line. Figure  
l c ,  f u r t h e r m o r e ,  shows a scan  of the su r face  of the pa r t  of the holder  under  cons idera t ion .  The scan is 
taken f r o m  the holder  of a spher i ca l  model a f t e r  tes ts  in a flow with M = 4, s ince the cor responding  scan  
for  the example  indicated in Fig. l a  and b was of too poor  a quality for  reproduct ion.  

We see  f r o m  the scan  that the pa t t e rn  of the l imiting cu r ren t  lines indicates the exis tence  of two pa i r s  
of ve ry  large ,  longitudinal vo r t i ces  c lose  to the f low-meet ing  region.  For  control  purposes  we also v i su -  
al ized the f low-meet ing  region behind a hemisphe re  and a c o n i c a l - c y l i n d r i c a l  model  of the s ame  d i a me te r  
as the tes t  sphe re s .  In addition to this,  analogous exper iments  were  c a r r i e d  out with another  ae rodynamic  
tube, using a model  of s m a l l e r  d i a m e t e r  and a cyl indr ical  holder,  in o rde r  to check the influence of the 
flow and the conical  angle of the holder .  In eve ry  tes t  r e su l t s  analogous to those indicated in Fig. 1 were  
obtained,  

The foregoing resu l t s  indicate that the flow pat te rn  in the bot tom region takes  the f o r m  schemat ica l ly  
indicated in Fig. 2. This  flow is c rea ted  in the following manner .  The boundary l ayer  breaking  away f r o m  
the su r face  of the sphere  (or the t ra i l ing  edge of the hemisphe r i ca l  or  c o n i c a l - c y l i n d r i c a l m o d e l ) f o r m s  a 
cont rac t ing  vo r t i ca l  shroud,  which, being unstable,  b reaks  up in the longitudinal d i rec t ion  with the f o r m a -  
tion of longitudinal vo r t i ce s  having a mutual ly  opposed d i rec t ion  of rotation.  Here  we should note the un-  
usual ly  high spat ia l  s tabi l i ty  of the vor tex  s y s t e m  so fo rmed .  In r a r e  cases  (about one eve ry  ten to fifteen), 
m o r e  than two lines of convergence  and d ivergence  of the flow were  observed;  these may  co r respond  e i ther  
to a l a r g e r  number  of vo r t i ce s  or  to a d i sp lacement  of the vor t i ces  around the c i rc le .  The dimensions  of 
the vo r t i ce s  a re  a lso  not a lways the s ame ,  as may  be seen  even f rom Fig. l c .  

In consider ing the conditions requi red  for  the development  of the c r o s s  cu r r en t s ,  it is reasonable  to 
a s s u m e  that these  only appear  for  fa i r ly  large dimensions  of the separa t ion  region (compared with the 
th ickness  of the boundary layer) .  Otherwise the two-dimensional  or  a x i s y m m e t r i c  pa t t e rn  r ema ins  un- 
impa i red .  
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In conclusion we may say that, as witnessed by the foregoing data, a continuation of our investiga- 
tions into the spectra of breakaway flow may provide many new and possibly unexpected results .  
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