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The conditions a re  analyzed under which a vaporous  boundary l ayer  s e p a r a t e s  f r o m  a cyl inder  
in a t r a n s v e r s e  s t r eam,  with the stabil izing effect  of condensation taken into account. The 
t rend of the separa t ion  angle as a function of the heat  t r a n s f e r  p a r a m e t e r s  is a lso  revealed.  

During condensation of vapor  f rom a s t r e a m  at the outside sur face  of a t r a n s v e r s e l y  or iented cyl inder ,  
a separa t ion  of the boundary l aye r  causes  a sharp  dec rease  in the ra te  of heat  t r a n s f e r  along the cyl inder  
sur face  behind the separa t ion  point. This  is a t t r ibuted to two causes:  f i r s t  of all, behind the separa t ion  
point vapor  begins to flow over  the f i lm backward and thus to build up this  fi lm. Secondly, the stat ic p r e s -  
sure  level  es tabl i shed behind the separa t ion  point is lower than the m a i n s t r e a m p r e s s u r e  and this causes  a 
reduction of the effect ive t e m p e r a t u r e  difference.  

The rec ip roca l  effect  is just as significant,  namely  the effect  of condensation on separa t ion  of the 
boundary layer .  The condensation p roce s s ,  int imately re la ted  to the m a s s  flow a c r o s s  the in terphase  
boundary,  is analogous to suction of the boundary l aye r  in that  it s tabi l izes  the vapor  l ayer  and thus delays 
i ts  separa t ion  f r o m  the wetted sur face .  All this  indicates how essen t ia l  it is to de te rmine  the separa t ion 
angle during condensation (Fig. 1). 

A theore t ica l  bas i s  for  de termining the separa t ion  angle during suction has  been developed by seve ra l  
authors  [1, 2]. 

The s imples t  c r i t e r ion  for  separa t ion 

[3 =0.11/~ + 0.44f~ (1) 

has  been stated in [1] and its validi ty has  been conf i rmed  in [2]. 

In the  case  of a cyl inder  t r a n s v e r s e l y  i m m e r s e d  in a s t r e a m  of condensing vapor ,  the quanti t ies  in 
(1) become 

[~ 2 cos q~ (2) 
I +cos r ' 

I~ = l c  R~v" 
2 ~ ~ (3) 

C O S - -  
2 

according  to Eqs. (3) and (11) of [1]. 

Several  f ac to r s  were  taken into account in the derivat ion of fo rmulas  (2) and (3), namely.  1) a suc -  
tion effect  in the vaporoias boundary l aye r  due to condensation, 2) a veloci ty  distr ibution on the outer  edge 
of the vaporous  boundary layer ,  in accordance  with the law for  a cyl inder  in a s t r e a m  of an ideal fluid, and 
3) a smal l  compress ib i l i t y  effect,  making U2e/2hse << 1 in Eq. (3) in [1]. 

Solving Eq. (1) for  fw and inser t ing the values  f r o m  (2) and (3), we obtain 
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�9 . 

F~g. i .  S c h e m a t i c  d i a g r a m  fo r  an a n a l y s i s  of the p r o c e s s ,  

_ _ C Q  Re "1/2 = - -  2 --  VF4 i 18.2cos qo 
2 cos cp 1 + cos q0 (4) 

2 
F o r m u l a  (4) def ines  the condi t ion of s e p a r a t i o n  dur ing  conden-  

, sa t ion  at  the cy l inde r  s u r f a c e .  The second solut ion  (with a minus  sign 
b e f o r e  the s q u a r e  root)  has  been  d i s c a r d e d  a s  phys i ca l l y  m e a n i n g l e s s .  
(The quant i ty  CQ is  a lways  pos i t i ve  under  the condi t ions  s t ipu la ted  

3~ here. ) 
4 

F o r  a t r a n s v e r s e  flow a round  a cy l i nde r  under  condi t ions  of 
w e i g h t l e s s n e s s ,  we in t roduce  the hea t  t r a n s f e r  coef f ic ien t  a c c o r d i n g  

V 3  to [3]: V 
sin qo - )C-pu~ (p L 

- c o s -  - -  1/ '2~, 
a~ ]..17--_ ~os q~ ~tD 2 D 

g_...  
-2 I and obtain  an exp l ic i t  e x p r e s s i o n  fo r  the s e p a r a t i o n  angle:  

Fig.  2. Sepa ra t ion  angle  ~0 * as  N2 7 q- 4 ~.~ 2N ~-  P" ] 

a funct ion of the n u m b e r  N* ,  f o r  cos q~ -- N2 [ o ~, ~' ' 4 ]/2A r [ - -  p ~---/ ':2 " (5) 
1) Re" = 102; 2) Re"  --- 103; 3) ~ [ p',__ ( +36.4 ~7- ) -7 p " ~, t " / 

Re = 10 4. 
The m i n u s  sign in (5) ind ica tes  tha t  the s e p a r a t i o n  angle  is  in 

th i s  c a s e  90 ~ < (fl < 180 ~ 

With the  e f fec t  of the g r a v i t a t i o n a l  f ie ld  (condensat ion of v a p o r  f lowing downward  a long the s u r f a c e  
of a h o r i z o n t a l l y  o r i en t ed  cy l inde r )  t aken  into account ,  it is  i m p o s s i b l e  to obta in  an expl ic i t  ana ly t i ca l  e x -  
p r e s s i o n  f o r  the s e p a r a t i o n  angle .  We find the s e p a r a t i o n  angle  f r o m  (4), ins tead ,  name ly :  

2 4.55 - -  4Re ' ' ~ "  - ] / ' .  10,35125--3.55\  ~Re,,l.,~] j .  (6) 

Since NUq~ is  a funct ion of the angle  (p, the l a t t e r  can  be d e t e r m i n e d  f r o m  (6) by a n u m e r i c a l  me thod  
only. 

With the aid of a g r aph  r e p r e s e n t i n g  th is  r e l a t i on  a t  f ixed va lue s  Nu,n = 25 and Re" = 102, 103, o r  104 
within the r ange  10 -4 ~ N* _< 10, we plot  c u r v e s  fo r  the s e p a r a t i o n  angle  ~ts a funct ion of N* (Fig. 2). 

The  c u r v e s  indica te  that ,  a p p r o x i m a t e l y  up to N* = 10 -1, s e p a r a t i o n  o c c u r s  at  ang le s  gp* ~ 90 ~ Th i s  
is  the l ower  l imi t  of s e p a r a t i o n  ang les ,  which c o r r e s p o n d s  to an a b s e n c e  of condensa t ion  (suction).  O b -  
v ious ly ,  th is  r e s u l t  is  a consequence  of in i t ia l ly  a s s u m i n g  the l aws  of potent ia l  f low a round  a cy l inde r ,  and 
it d i f f e r s  s o m e w h a t  f r o m  the well  known t e s t  r e s u l t s  (9* ~ 82~ [4]. F o r m u l a  (6) is  s t r u c t u r e d  so tha t  the  
r e q u i r e m e n t  cos  r -> 0 m a k e s  the magn i tude  of the c o m p l e x  group  (Nu~pN*/~e"l/2) 2 _< 36.4, which then 
def ines  the r ange  w h e r e  the  s e p a r a t i o n  angle  depends  on the t h e r m o p h y s i c a l  p a r a m e t e r s  in th i s  c o m p l e x  
group.  

(NuqjN*/Re"I /2)  2 > 36.4, Eq. (6) f i r s t  y i e l d s  s e p a r a t i o n  ang les  l a r g e r  than 180 ~ and then has  no When 
real so o , . I/2 2 , . I/2 2 luti n for (Nu~N '/Re ) > 46.65. Since (Nur '/Re ) > 36.4 represents an increasing suction 
effect, hence it is physically obvious that the condensation rate is then more than sufficiently high to com- 
pletely prevent separation of the vaporous boundary layer. The separation angle under such conditions is, 
naturally, independent of the condensation rate and always equal to 180 ~ . 
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NOTATION 

LS a p a r a m e t e r  which c h a r a c t e r i z e s  the p r e s s u r e  gradient;  
LS a p a r a m e t e r  which c h a r a c t e r i z e s  the suction ra te ;  
LS an angle m e a s u r e d  f r o m  the frontal  line of the cylinder;  
~s the separa t ion  angle; 
LS the vapor  veloci ty  fa r  away f rom the cylinder;  
LS the normal  component  of velocLty; 
LS the cyl inder  d iameter ;  
LS the dynamic v i scos i ty  of the Liquid; 
LS the k inemat ic  v i scos i ty  of the liquid; 
LS the dynamic v i scos i ty  of the vapor;  
LS the k inemat ic  v i scos i ty  of the vapor;  
Ls the d imens ionless  f low- ra te  coefficLent; 
LS the modified Reynolds  number;  
LS fhe Reynolds number  of the vapor  s t r eam;  
LS the density of  the liquid; 
LS the density of the vapor;  
a r e  d imens ionless  numbers ;  
is the local  coeff icient  of heat  t r ans fe r ;  
is the latent  heat  of condensation; 
is the t e m p e r a t u r e  difference between coolLng wall and sa tura ted  vapor;  
is the t he rma l  conductivity of the liquid; 
is the local  Nussel t  number .  
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