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(54)  ln-tube  condensation  process. 
(57)  A  heat  exchange  process  of  the  kind  in  which  a  condens- 
ing  vapour  flows  in  parallel  paths  through  a  bundle  of  tubes 
(1),  while  coolant  fluid  flows  over  the  exterior  of  the  tubes. 
Each  tube  is  provided  with  a  flow  restrictor  (4)  at  its  outlet,  the 
degree  of  flow  restrictions  being  such  in  relation  to  the  fluid 
mass  flow  rate,  that  the  restrictors  are  maintained  full  of 
condensate  (5)  across  their  entire  cross-section.  A  reverse 
flow  of  vapour  via  the  outlet  manifold  (3)  into  the  outlets  of 
certain  tubes  is  thus  prevented  by  the  presence  of  condensate 
filling  the  restrictors  and  thermal  inefficiency  resulting  from 
consequent  occlusion  by  non-condensing  gas  of  certain  tubes 
is  thus  avoided. 
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  A  heat  exchange  process  of the  kind  in  which  a  condens- 
ing  vapour  flows  in  parallel  paths  through  a  bundle  of tubes 
(1),  while  coolant  fluid  flows  over  the  exterior  of the  tubes. 
Each  tube  is  provided  with  a  flow  restrictor (4)  at  its  outlet, the 
degree  of  flow  restrictions  being  such  in  relation  to  the  fluid 
mass  flow  rate,  that  the  restrictors  are  maintained  full  of 
condensate  (5)  across  their  entire  cross-section.  A  reverse 
flow  of  vapour  via  the  outlet  manifold  (3)  into  the  outlets  of 
certain  tubes  is thus  prevented  by the  presence  of  condensate 
filling  the  restrictors  and  thermal  inefficiency  resulting  from 
consequent occlusion  by  non-condensing  gas  of  certain  tubes 
is  thus  avoided. 



This  i n v e n t i o n   r e l a t e s   to  a  heat  exchange  process   of  the  kind  i n  

which  a  vapour  is  caused  to  flow  in  p a r a l l e l   paths  through  a  number 

of  tubes ,   so  as  to  t r a n s f e r   heat  to  an  e x t e r n a l   f l u id   f lowing  o v e r  

the  ou te r   s u r f a c e   of  the  tubes .   The  f l u i d   within  the  tubes  t h u s  

condenses  as  i t   gives  up  l a t e n t   heat  to  the  ex t e rna l   f l u i d .   T h i s  

a r rangement   is  common  in  a i r - c o o l e d   or  s h e l l   and  tube  c o n d e n s e r s  

which  are  o f t en   used,  fo r   example,  in  c h e m i c a l - p l a n t s .  

It  o f t e n   happens  in  o p e r a t i o n   of  a  heat   exchange  process   of  t h i s  

kind  t ha t   the  flow  of  vapour  may  not  be  evenly  d i s t r i b u t e d   so  t h a t  

some  tubes  take  a  g r e a t e r   flow  than  o t h e r s .   This  may  r e s u l t ,   f o r  

example,  from  d i f f e r i n g   pipe  f r i c t i o n   in  d i f f e r e n t   tubes,   f rom 

d i f f e r e n t   tube  l eng ths ,   from  d i f f e r e i n g   flow  cond i t i ons   over  t h e  

e x t e r n a l   s u r f a c e s   of  i n d i v i d u a l   tubes,   e t c .  

Whatever  the  reason,   the  r e s u l t   can  be  tha t   in  some  t u b e s ,  

a l l   of  the  vapour  is  condensed  before  i t   r eaches   the  far   end  of  t h e  

tube.   In  o the r   tubes,   c o n d e n s a t i o n   may  be  incomplete   so  t ha t   a  m i x t u r e  

of  vapour  and  condensed  l i q u i d   i s sues   from  the=far   end,  and  e n t e r s   t h e  

o u t l e t   mani fo ld .   Such  vapour  may  p a r t i a l l y   condense  on  s u p e r c o o l e d  

l i q u i d   i s s u i n g   from  o the r   tubes .   Some  of  the  vapour  which  has  f a i l e d  

to  condense  may  also,   however,  en ter   o ther   tubes,   in  which  c o n d e n s a t i o n  

is  complete  before   r each ing   the  far   end.  T h i s - l a t t e r   vapour  then  t r a v e l s  

along  such  tubes   in  the  r e v e r s e   d i r e c t i o n ,   and  condenses.   There  w i l l  

thus  be  a  po in t   in  such  tubes  where  vapour  flows  meet  from  b o t h  

d i r e c t i o n s .   This  leads  to  a  severe  problem,  in  tha t   a  small  p r o p o r t i o n  

n o n - c o n d e n s i b l e   gas  is  i n e v i t a b l y   p re sen t   in  the  vapour.  Because  t h i s  

gas  is  caught  between  two  flows,  i t   is  not  swept  out  of  the  tube,   b u t  

tends  to  accumula te   at  the  meeting  poin t ,   so  that   e v e n t u a l l y   a  s u b -  

s t a n t i a l   l eng th   of  the  tube  becomes  occluded  by  an  immobile  body  o f  

non-condens ing   gas.  This  length  of  the  tube  thus  becomes  i n e f f e c t i v e  

for  condensing  vapour,  and  the  thermal  e f f i c i e n c y   of  the  heat  e x c h a n g e r  

is  thus  s u b s t a n t i a l l y   reduced .   Fur thermore ,   the  condensate  f l o w i n g  

through  t h i s   l eng th   of  tube  con t inues   to  be  cooled,  and  in  some  c a s e s  

may  f r eeze   l e a d i n g   to  t o t a l   occ lus ion   of  the  whole  tube.  The 

problem  is  p a r t i c u l a r l y   acute   where  the  vapour  is  at  less   t h a n  

a tmospher i c   p r e s s u r e ,   s ince   any  leaks  wil l   r e s u l t   in  an  i n c r e a s e   in  t h e  



p r o p o r t i o n   of  n o n - c o n d e n s i b l e   gas  p r e s e n t .  

In  the  pas t ,   the  only  real   s o l u t i o n   to  the  problem  has  been 

to  ensure   t h a t   r eve r se   flow  into  the  vapour  tubes  did  not  o c c u r ,  
by  s u p p l y i n g   excess  vapour  to  a l l   t ubes .   A  mixture  of  vapour  and 

condensa t e   is  thus  caused  to  i ssue   from  each  tube,  and  each  t u b e  

o p e r a t e s   at   maximum  t h e r m a l . e f f i c i e n c y .   However,  the  s e p a r a t i o n   and 

r e c i r c u l a t i o n   of  the  uncondensed  vapour  poses  a  d i f f i c u l t y ,   and  c r e a t e s  

u n d e s i r a b l e   c o m p l i c a t i o n   in  the  des ign  of  the  heat   e x c h a n g e r .  

The  p r e s e n t   i n v e n t i o n   provides   a  d i f f e r e n t   s o l u t i o n   to  t h e  

p r o b l e m .  

Acco rd ing ly ,   the  p r e s e n t   i n v e n t i o n   provides   a  heat   exchange  

p rocess   compr i s ing   the  s t eps   o f  

-  caus ing   a  condensing  vapour  to  flow  in  p a r a l l e l   paths   t h r o u g h  

a  p l u r a l i t y   of  t u b e s ;  

-  caus ing   a  f l u i d   coo lan t   to  flow  over  the  e x t e r n a l   s u r f a c e s   o f  

the  t u b e s ;  

-  p r o v i d i n g   a  f l u i d   flow  r e s t r i c t o r   at  the  o u t l e t   end  of  each  t u b e ;  

a n d  

-  e n s u r i n g   t ha t   the  mass  flow  r a t e   of  the  condens ing   vapour  t h r o u g h  

the  tubes  is  s u f f i c i e n t   to  ma in ta in   the  r e s t r i c t o r   in  each  t u b e  

s u b s t a n t i a l l y   f u l l   of  c o n d e n s a t e .  

The  r e s t r i c t i o n   provided  by  the  f l u i d   flow  r e s t r i c t o r s   s h o u l d  

normal ly   not  be  s u b s t a n t i a l l y   more  severe  than  neces sa ry   in  order  to  meet  

the  o b j e c t i v e .   This  wi l l   have  the  e f f e c t   of  p r e v e n t i n g   any  r e v e r s e  

flow  of  vapour  into  a  tube  from  the  o u t l e t   manifold .   The  r e s t r i c t o r s  

wi l l   a l so   have  the  e f f e c t   of  i n c r e a s i n g   the  p r e s su re   drop  in  each  t u b e ,  

which  can  have  a  b e n e f i c i a l   e f f e c t   on  flow  d i s t r i b u t i o n   in  t h e  

t u b e s .  

P r e f e r a b l y ,   the  r e s t r i c t o r s   are  provided  in  the  form  of  r emovable  

i n s e r t s .   Cleaning  of  the  vapour  tubes  is  thus  f a c i l i t a t e d .  

The  i n v e n t i o n   wil l   now  be  de sc r i bed   by  way  of  example  only  w i t h  

r e f e r e n c e   to  the  accompanying  drawings,   in  which .  

F igure   1  is  a  s i m p l i f i e d   schemat ic   view  of  an  a i r - c o o l e d  

heat   exchanger   in  accordance   with  the  i n v e n t i o n ,   and  

F igure   2  is  a  d e t a i l e d   view  of  a  par t   of  Figure  1 ,  

showing  a  flow  r e s t r i c t o r   in  p lace ,   and  showing  a  f l o w  

of  condensa te   t h e r e i n .  



As  shown  in  the  d rawings ,   an  a i r - c o o l e d   heat  exchanger   c o m p r i s e s  

a  p l u r a l i t y   of  vapour  tubes  1,  through  which  a  vapour  to  be  condensed  

flows  from  a  common  i n l e t   mani fo ld   2  to  a  common  o u t l e t   manifold   3 .  

Although  only  a  s ing le   row  of  tubes  1  is  shown  in  Figure   1,  i t   w i l l  

be  a p p r e c i a t e d   tha t   the  heat   exchanger   may  have  s e v e r a l   such  r o w s ,  a l l  

connected  to  the  same  i n l e t   and  o u t l e t   manifolds  2,  3 .  

A  supply  of  coo lan t   f l u i d ,   in  t h i s   i n s t a n c e   ambient   a i r ,   i s  

caused  to  f low  over  and  around  the  e x t e r i o r   s u r f a c e s   of  the  tubes  1,  

in  the  d i r e c t i o n   i n d i c a t e d   in  Fig  1  by  the  arrow  'A' .   This  can  be 

a r ranged ,   for   example  by  means  of  a  fan,  or  by  n a t u r a l   c o n v e c t i o n ,  

and  the  tubes  1  can  if  d e s i r e d   be  p o s i t i o n e d   wi th in   a  duct  f o r  

c o n s t r a i n i n g   the  coo lan t   f l o w .  

Each  tube  1  is  p rov ided   with  a  flow  r e s t r i c t o r   4,  in  the  fo rm 

of  a  removable  i n s e r t   p o s i t i o n e d   in  the  downstream  end  of  each  t u b e .  

The  i n s e r t s   4  are  a l l   i d e n t i c a l ,   and  the  s ize   of  the  r e s t r i c t i o n  

t h e r e i n   is  such  tha t   for  the  in t ended   c o n d i t i o n s   of  o p e r a t i o n   of  t h e  

heat   exchanger ,   the  flow  r a t e   of  vapour  in  each  tube  1  w i l l   r e s u l t   i n  

a  flow  o f  c o n d e n s a t e   at  the  downstream  end  jus t   s u f f i c i e n t   to  f i l l  

the  r e s t r i c t o r   s u b s t a n t i a l l y   comple te ly   with  condensa te   5  (ie  a c r o s s  

i t s   e n t i r e   c r o s s - s e c t i o n ) .   I f   the  degree  of  r e s t r i c t i o n   i s  

i n s u f f i c i e n t   the  flow  of  condensa te   wi l l   not  be  enough  to  f i l l   t h e  

r e s t r i c t o r   and  vapour  w i l l   then  be  able  to  flow  back  down  the  t u b e  

concerned  in  the  r eve r se   d i r e c t i o n   with  the  d i s a d v a n t a g e s   n o t e d  

h e r e i n b e f o r e .   A  g r e a t e r   degree   of  r e s t r i c t i o n   can  be  t o l e r a t e d  

more  r e a d i l y ,   but  should  be  avoided  as  far   as  p o s s i b l e ,   in  t h a t  

any  undue  r e s t r i c t i o n   of  the  flow  is  u n d e s i r a b l e .  

Of  course,   if  a p p r o p r i a t e   to  the  flow  c o n d i t i o n s ,   d i f f e r e n t  

s ized  r e s t r i c t o r s   can  be  used  in  d i f f e r e n t   t u b e s .  



1.  A  heat   exchange  p rocess   compris ing   the  s t eps   o f  

-  c aus ing   a  condensing  vapour  to  flow  in  p a r a l l e l  

pa th s   through  a  p l u r a l i t y   of  t ubes   (1);   a n d  

-  c aus ing   a  f l u i d   coolant   to  flow  over  the  e x t e r n a l  

s u r f a c e s   of  the  tubes ;   c h a r a c t e r i s e d   by  

-  p r o v i d i n g   a  f l u i d   flow  r e s t r i c t o r   (4)  at  t h e  

o u t l e t   end  of  each  tube;  and  

-  e n s u r i n g   that   the  mass  flow  r a t e   of  the  c o n d e n s i n g  

vapour  through  the  tubes   is  s u f f i c i e n t   to  m a i n t a i n  

the  r e s t r i c t o r   in  each  tube  s u b s t a n t i a l l y   f u l l   o f  

c o n d e n s a t e   ( 5 ) .  

2.  A  hea t   exchange  p rocess   a cco rd ing   to  claim  1  wherein  t h e  

r e s t r i c t o r s   (4)  are  provided  in  the  form  of  r e m o v a b l e  

i n s e r t s .  
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