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A new explanation is provided for the mechan ism by means  of which the length of the s t r a igh t -  
line segment  posit ioned between a smooth col lec tor  and a di f fuser  affects  the cha r ac t e r i s t i c s  
of the la t t e r .  

The effect  of the ent ry  conditions on the magnitude of di f fuser  drag ,  in pa r t i cu l a r ,  the effect  of the 
re la t ive  length l l /D t of the s t ra ight l ine  segment  in front  of the d i f fuser ,  has been  es tab l i shed  long ago [1-6]. 
However ,  all  of the r e s e a r c h  devoted to this p rob lem was incomplete .  On the other  hand, our r e su l t s  f rom 
n~ore extensive  r e s e a r c h  enables  us to de te rmine  the t rue  nature  of the effect  exer ted  by the s t ra ight l ine  
segment  on the magnitude of the d rag  and on the s t ruc tu re  of the flow in the d i f fusers .  The resu l t s  indi-  
cate  that  when such segments  a r e  p r e s en t  the effect  r e su l t s  both as a consequence of a change in the th ick-  
ness  of the boundary l aye r  at the inlet to the di f fuser  (a c h a n g e i n  the momentum thickness) and in the ve l -  
ocity prof i le  as a whole,  as well  as a consequence of the flow r e g i m e  in this l a y e r ,  i . e . ,  the turbulizat ion 
of that l ayer .  This  effect is evidenced in var ious  ways ,  depending on whether  or  not the given dif fuser  is 
en t i re ly  " f ree  of separa t ion"  (~ < 6~), pa r t i a l ly  (6 ~ ~ ~ -< 14~ or  one with total " separa t ion"  (~ > 14~ 

When a conical  d i f fuser  with some a r b i t r a r y  angle of d ivergence  is set  up immedia te ly  behind a smooth 
co l lec tor ,  a l a m i n a r  flow r eg i m e  - such as ex is t s  in the s t ra ight l ine  initial segment  - is maintained in the 
boundary l aye r  of the initial d i f fuser  segment ,  to specif ic  but r a t he r  high values of the Reynolds numbers .  
As the Re numbers  r i s e  to a ce r ta in  l imi t ,  we find that there  is a somewhat  g r e a t e r  drop in the r e s i s t a n c e  
fac tor  of the " s e p a r a t i o n - f r e e "  d i f fuser ,  as  well  as in the r e s i s t a n c e  fac tor  of the "par t ia l  separa t ion"  dif-  
fuser ;  the drop is g r e a t e r  than in the case  of a turbulent  flow r e g i m e  in the boundary l aye r .  

The locat ion of the s t ra ight l ine  segment  between the smooth col lector  and the di f fuser  enhances the 
turbul iza t ion of the boundary l aye r  before  the flow r eaches  thed i f fuse r ,  even when the Re numbers  a re  
compara t ive ly  smal l  for  the overa l l  flow. This  is one of the f ac to r s  r espons ib le  for the inc rease  in the 
r e s i s t a n c e  of the di f fuser  when/1/D t > 0, in compar i son  with its r e s i s t a n c e  when l~/D 1 = 0. As demons t ra ted  
by our  expe r imen t s  (Fig. 1), the g r e a t e s t  i nc rease  in the r e s i s t a n c e  of the di f fuser  over  the ent i re  range  of 
Re number s  takes  place  even when the s t ra ight l ine  segment  is elongated only slightly (lt /D t -< 5). When l l 
/D  1 + 10-12, the g r e a t e s t  va lues  of the d i f fuser  r e s i s t a n c e  fac tor  ~d is at tained,  and with a fu r ther  i nc rease  i n l t /D  1 
the value of ~d d imin ishes  sl ightly.  

We can explain all  of the foregoing by the fact  that the g r e a t e s t  i nc rease  in the th ickness  of the bound- 
a ry  l aye r  and the de format ion  of the ent i re  veloci ty  prof i le ,  as  well  as the inc reased  turbulence of the flow 
in the initial segment  of the s t ra ight l ine  tube instal led behind the smooth col lec tor ,  occur  p r ec i s e ly  in the 
f i r s t  segment  (the segment  in which the l a m i n a r  flow makes  its t r ans i t ion th rough  the buffer  region into 
turbulent  flow). 

Both f ac to r s  - the thickening of the boundary l aye r  and the turbul izat ion of the flow at the inlet to 
" s e p a r a t i o n - f r e e "  d i f fuse r s  - act  in en t i re ly  opposite d i rec t ions .  The f o r m e r  r educes  the f r ic t ion lo s ses  in 
the d i f fuser ,  s ince it leads  to a reduct ion in the t r a n s v e r s e  veloci ty  gradient  near  the di f fuser  wal ls .  The 
l a t t e r  i n c r e a s e s  these l o s s e s ,  since it makes  the coefficient  of turbulent  v i scos i ty  l a r g e r .  It is obvious that  
when inlet segments  with a length up to l t /D t = 10-12 a re  instal led,  it is the second fac tor  t ha t i s  s tabi l ized 
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Fig. 1. Resis tance  factor  ~d of a conical diffuser as a function of the Re number for 
= 10 ~ n = 4 and: 1) ly/Di = 0; 2) 2; 3) 5; 4) 20; 5) 10. 

Fig. 2. Correct ion factors  for the inlet conditions ~d = ~dli o/~dl 1 =o as a function of 
the divergence angle of the conical diffuser when: 1) l l /D  i = 2; 2) 5; 3) 20; 4) 10. 

whereas  the effect of the f i rs t  factor  continues to increase slightly, which in the final analysis  resul ts  in 
a slight drop in the magnitude of ~d with a continued increase  in l l / D  1. 

Our experiments  have demonst ra ted  that the effect of the pa ramete r  l l /D 1 initially increases  with an 
increase  in the expansion angle ~ of the diffuser.  When o~ = 10-14 ~ this effect is at its greatest .  With a 
fur ther  increase  in o~, the effect is again reduced,  until we have ~ -> 60 ~ at which point it is vir tually non- 
existent (Fig. 2). 

This can be explained in the following manner; the thickening of the boundary layer  at the diffuser 
inlet s imultaneously with the drop in fr ict ion losses  leads to the ear l ie r  appearance of instability in the wall 
layer  of the diffuser and to periodic separat ion of individual vor t ices  (because of the positive p r e s s u r e  g r a -  
dient along the flow), and this in turn leads to an increase  in the overall  res is tance  of the diffuser.  The 
descr ibed  phenomenon is intensified with an increase  in the expansion angle ~, so long as the flow is not 
entirely separated from the walls. As demonstra ted by experiment ,  such flow separat ion occurs  when l 1 
/D 1 > 10 and n = 4, even in diffusers  with ~ = 6~ When ~ = 8 ~ and n -> 4 separat ion occurs  when l~/D 1 -> 5. 
For  (~ = 10 ~ and par t icu lar ly  for ~ = 14 ~ and l l /D 1 > 5 separat ion is found to occur in those segments  c o r r e -  
sponding to n = 4. In this case,  in diffusers  with (~ = 14 ~ the separat ion zone becomes  quite extensive. 

For  this r eason  the effect of l l / D  1 when ~ = 10-14 ~ is at its greates t .  

In diffusers with total flow separat ion (~ > 14 ~) the effect of the Reynolds number on the change in the 
res i s t ance  factor  is different in nature f rom the case in which ~ < 14 ~ As has been demonstra ted ea r l i e r  
by one of the authors [4], for l a rge r  angles of diffuser expansion (separation angles), as well as for the 
case of flow through bent channels [2], the effect of the R e numbers  on the res i s tance  is associa ted  
with displacement  of the initial point of boundary- layer  separat ion along the diffuser.  Therefore ,  
turbul izat ion of the flow in that region of the Re numbers  in which the separat ion is l aminar  (achieved 
in this case by setting up a s traightl ine segment in front of the diffuser) leads to the rea t tachment  
of the separat ion boundary layer ,  with the boundary layer  separat ing once again, fa r ther  downstream. 
However,  this does not reduce the separat ion zone and correspondingly lowers  the res i s tance  of the diffusers .  
With l a rge r  Re numbers  the thickness of the boundary layer  ("elongation of the velocity profile") in the 
straightl ine segment in front of the diffuser leads to an ear l ie r  (nearer  the inlet) turbulent separat ion of the 
flow and, consequently,  it r a i s e s  the res i s tance  of the diffuser.  At the same t ime, with l a rge r  separat ion 
anges of expansion the difference in res i s tance  between the cases  in which l l /D 1 > 0 and/1/D 1 = 0nowturns  out 
to be smal le r ,  In this case it diminishes with an increase  in oz, since for an even g rea t e r  intensification of 
separat ion it is not enough to have that relat ively weak deformat ion of the velocity profi le  which is caused by 
the initial segment  of the straightline tube. 

The unique thing about our resu l t s  is the fact that the diffuser experiments  were  begun with the instal-  
lation of the diffusers  di rect ly  behind a smooth col lector ,  which reduces  conditions in which a laminar  
boundary l a y e r  is formed in the initial diffuser segment  over  a wide range of Re numbers .  
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However, in the theoretical research with which we are familar [5, 6] the flow is always completely 
turbulent at the diffuser inlet. For this reason, the values of the resistance factors of "separation-free" 
diffusers for ll/D 1 = 0 must be lower in our experiments than those derived theoretically. 

To the best of our knowledge, however, we have been the first  fo suggest the fact that a laminar 
boundary layer exerts influence on diffuser drag. 
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