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@  Heat  transfer  process. 

  A  heat  transfer  process  in  which  vapour  condensing  in  a 
tube  bundle  transfers  heat  to  a  fluid  in  contact  with  the  exte- 
rior  of  the  tubes.  The  tubes  and  the  pattern  of  temperature 
and  flow  distribution  in  the  external  fluid  are  similar  from 
each  tube,  but  each  tube  is  nevertheless  provided  with  an 
internal  fluid  flow  restrictor,  preferably  at  its  entrance. 



This  i n v e n t i o n   r e l a t e s   to  a  heat   t r a n s f e r   p rocess   of  the  k i n d  

in  which  a  vapour  is  condensed  w i t h i n   a  s e r i e s   of  tubes ,   and  i n  

so  doing  gives  up  heat  to  a  f l u i d   in  con t ac t   with  the  outer   s u r f a c e  

of  the  t u b e s .  

It  is  well  known  tha t   in  heat  exchangers   where  heat  is  t r a n s f e r -  

red  from  a  f l u i d   condensing  in  an  a r ray   of  tubes  through  which  t h e  

f l u i d   flows  in  p a r a l l e l ,   to  a  f l u i d   in  con t ac t   with  the  e x t e r i o r   o f  

the  tubes ,   tha t   for  maximum  thermal   e f f i c i e n c y ,   the  flow  of  v a p o u r  

into  each  tube  should  be  c a r e f u l l y   ba l anced .   There  may  be  v a r i a t i o n  

in  the  heat  f lux  demanded  of  i n d i v i d u a l   tubes  for  example  r e s u l t i n g  

from  d i f f e r i n g   tube  l e n g t h s ,   and /or   d i f f e r e n c e s   in  the  flow  p a t t e r n  

or  t e m p e r a t u r e   d i s t r i b u t i o n   w i th in   the  f l u i d   e x t e r i o r   to  the  t u b e s .  

Various  p roposa l s   for  c o r r e c t i n g   the  r e s u l t i n g   m a l d i s t r i b u t i o n   of  t h e  

vapour  flow  wi th in   the  tubes  have  been  made  in  the  pa s t ,   i n c l u d i n g  

r e s t r i c t i o n s   in  s e l e c t e d   tubes  des igned   to  l i m i t   the  flow  ra te   o f  

vapour  w i th in   tubes  which  are  expected   to  s u s t a i n   the  lower  heat   f l u x  

on  account   of  t h e i r   s h o r t e r   l e n g t h ,   or  in  a n t i c i p a t i o n   of  the  f l u i d  

e x t e r n a l   to  those  tubes  being  warmer,  f lowing  with  l ess   v e l o c i t y ,   o r  

o the rwise   demanding  lower  heat   f l ux .   Also,  in  UK  Patent   No  1263254 

there   are  d e s c r i b e d   i n - t u b e   condensers   in  which  the  flow  of  vapour  t o  

a l l   tubes  is  r e s t r i c t e d .   In  th i s   p a t e n t   d i s c l o s u r e   i t   is  a n t i c i p a t e d  
tha t   a  m a l d i s t r i b u t i o n   of  vapour  to  the  tubes  w i l l   occur  e i t h e r  

because  of  vary ing   tube  l e n g t h s ,   or  because  the  e x t e r n a l   f l u i d   f l o w  

p a t t e r n   is  uneven  as  r ega rds   t e m p e r a t u r e   d i s t r i b u t i o n ,   and  the  t u b e s  

are   r e s t r i c t e d   to  v a r y i n g   d e g r e e s   to  c o r r e c t   the  a n t i c i p a t e d  

imbalance  r e s u l t i n g   t h e r e f r o m .  

In  many  i n s t a n c e s   however,   where  the  tubes  are  a l l   s i m i l a r ,   and  

the  t empera tu re   d i s t r i b u t i o n   e x t e r n a l l y   of  each  tube  is  s i m i l a r ,   no 

reason  would  be  seen  for  the  i n c l u s i o n   of  flow  r e s t r i c t o r s   in  t h e  

tubes ,   s ince  i t   would  be  thought   tha t   these  would  n e e d l e s s l y   h i n d e r  

the  flow  of  vapour  t h e r e t h r o u g h .   Thus,  i n  a   k e t t l e   r e b o i l e r ,   a 

vapour  such  as  steam  is  condensed  as  i t   flows  in  p a r a l l e l   through  a  

group  of  vapour  tubes ,   and  gives  up  heat   to  l i q u i d   in  which  the  t u b e s  

are  immersed,  the  l i q u i d   thus  being  caused  to  b o i l .   Ke t t l e   r e b o i l e r s  

are  widely  used  in  the  chemica l   i n d u s t r y   for  d i s t i l l a t i o n   of  l i q u i d s  

which  must  not  be  al lowed  to  o v e r h e a t .   In  p a r t i c u l a r ,   they  f ind  u s e  

in  the  p e t r o - c h e m i c a l   i n d u s t r y .  



In  the  case  of  a  k e t t l e   r e b o i l e r   in  which  the  vapour  tubes  a r e  
a l l   of  s u b s t a n t i a l l y   the  same  length   and  c r o s s - s e c t i o n a l   area ,   i t   has  

not  in  the  pas t   been  f o r e s e e n   that   any  m a l d i s t r i b u t i o n   of  the  vapour  
f low  w i l l   occur .   The  tubes  are  a l l   immersed  in  a  · b o i l i n g   l i q u i d  

du r ing   use,  and  so  the  e x t e r n a l   t empera tu re   of  the  tubes  is  the  same 

at  a l l   p o i n t s .   Equa l ly ,   no  v a r i a t i o n   r e s u l t i n g   from  uneven  f l ow  

c o n d i t i o n s   e x t e r n a l l y   of  the  tubes  can  be  expec ted .   If  the  tubes  a r e  

of  the  same  l eng th   and  c r o s s - s e c t i o n a l   a rea ,   no  m a l d i s t r i b u t i o n  

r e s u l t i n g   from  vary ing   pipe  f r i c t i o n   can  be  a n t i c i p a t e d .  

N e v e r t h e l e s s ,   i t   has  been  found  in  p r a c t i c e   t h a t   the  h e a t  

t r a n s f e r   pe r fo rmance   of  k e t t l e   r e b o i l e r s   f r e q u e n t l y   f a l l s   far   s h o r t  

of  the  des ign  p r e d i c t i o n .   This  has  of ten   been  e r r o n e o u s l y   a t t r i b u t e d  

to  " d r y o u t "  -   ie  f i l m   b o i l i n g  -   o c c u r r i n g   in  the  l i q u i d   on  t h e  

e x t e r i o r   of  some  of  the  tubes ,   which  would  lead  to  much  reduced  h e a t  

t r a n s f e r   for  these   tubes .   The  only  way  of  avoid ing   th i s   problem  has  

been  c o n s i d e r e d   to  be  to  reduce  the  t o t a l   steam  f l o w r a t e ,   hence  

r e d u c i n g   the  heat   f lux   through  i n d i v i d u a l   tubes  to  the  point   where  

f i l m   b o i l i n g   no  longer   occurs  on  any  tube.   The  r e b o i l e r   w i l l   t h e n  

work  at  below  i t s   des ign  heat   t r a n s f e r   c a p a c i t y .  

As  a  f u r t h e r   example,  the  i n v e n t i o n   is  a lso  concerned  with  a 

hea t   t r a n s f e r   p rocess   in  s h e l l   and  tube  heat   exchangers   in  which  

a  v a p o u r   condens ing   w i th in   a  set  of  tubes  through  which  i t   flows  i n  

p a r a l l e l ,   gives  up  heat   to  a  f l u i d   f lowing  l o n g i t u d i n a l l y   along  t h e  

e x t e r n a l   s u r f a c e   of  the  tubes .   The  f l u i d   and  vapour  most  u s u a l l y  

f low  in  c o u n t e r c u r r e n t ;   a r rangements   are  a lso   common  in  which  b a f f l e s  

w i t h i n   the  s h e l l   cause  the  f l u i d   to  flow  back  and  f o r t h   across   t h e  

s h e l l   w h i l s t   i t s   genera l   p r o g r e s s i o n   is  l o n g i t u d i n a l l y   along  t h e  

t u b e s .   In  a l l   of  these   s h e l l   and  tube  heat   exhangers ,   if  the  t u b e s  

are  of  the  same  l eng th   and  c r o s s - s e c t i o n a l   a rea ,   no  reason  would  have 

b e e n  s e e n   to  expect   any  m a l d i s t r i b u t i o n   of  the  vapour.   Each  t u b e  

o f f e r s   the  same  r e s t r i c t i o n   in  the  path  of  the  vapour  flow,  and  each 

tube  is  s u b j e c t   to  the  same  e x t e r n a l   p a t t e r n   of  thermal   d i s t r i b u t i o n ,  

and  e x t e r n a l   f l u i d   flow.  Hence,  as  with  the  k e t t l e   r e - b o i l e r ,   t h e  

c o n d i t i o n s   are  such  tha t   every  tube  would  be  expected  to  s u s t a i n   t h e  

s a m e  t h e r m a l   load,   and  hence  to  condense  the  same  amount  of  v a p o u r .  

This  would  not  be  regarded   as  a  s i t u a t i o n   l i k e l y   to  lead  to  m a l d i s -  

t r i b u t i o n   of  vapour  among  the  t u b e s .  

N e v e r t h e l e s s ,   i t   is  f r e q u e n t l y   found  in  p r a c t i c e   t h a t   s u c h  



i n - t u b e   condensers   ope ra t e   at  well  below  t h e i r   des ign  heat   t r a n s f e r  

c a p a c i t y .   I n v e s t i g a t i o n   has  shown  th i s   to  be  because  some  tubes  a r e  

running  " c o l d " .   This  is  now  r ecogn i sed   by  the  App l i can t   to  be  t h e  

r e s u l t   of  m a l d i s t r i b u t i o n ,   causing  vapour  which  passes   r i g h t   t h r o u g h  

some  tubes  r e - e n t e r i n g   o thers   from  the  wrong  end  via  the  o u t l e t  

heade r .   Non-condensab le   gases  thus  g r a d u a l l y   c o l l e c t   in  these  l a t t e r  

tubes ,   so  as  g r a d u a l l y   to  prevent   vapour  from  r each ing   the  t h u s  

occluded  l eng ths   of  t u b e .  

However  t h i s   may  be,  no  reason  was  seen  in  the  past   to  e x p l a i n  

any  such  m a l d i s t r i b u t i o n ,   and  no  p o s s i b l e   cure  has  p r e v i o u s l y   b e e n  

proposed .   One  s o l u t i o n   adopted  has  been  simply  to  i n c r e a s e   t h e  

vapour  flow  u n t i l   a l l   tubes  remain  hot  t h roughou t   t h e i r   l e n g t h .   As  a  

consequence ,   excess   vapour  has  passed  through  a l l   t ubes .   This  h a s  

led  to  was tage ,   or  the  c o m p l i c a t i o n   of  p r o v i d i n g   a  downstream  c o n -  

d e n s e r .  

The  p r e s e n t   i n v e n t i o n   seeks  to  provide   an  improved  heat   t r a n s f e r  

p rocess   for  use  in  heat  exchangers   compr is ing   tubes  through  which  a  

condens ing   vapour  flows  in  p a r a l l e l ,   p a r t i c u l a r l y   for  those  i n s t a n c e s  

where  no  reason   would  p r e v i o u s l y   have  been  f o r e s e e n   to  expect   a n  

imbalance  of  the  vapour  flow  d i s t r i b u t i o n   among  the  t u b e s .  

A c c o r d i n g l y   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  h e a t   t r a n s f e r  

p rocess   compr i s ing   the  s teps   o f  

caus ing   a  r e l a t i v e l y   hot  c o n d e n s i b l e   vapour  to  flow  through  t h e  

i n t e r i o r   of  a  p l u r a l i t y   of  tubes  connected  in  p a r a l l e l ,  

c o n t a c t i n g   a  r e l a t i v e l y   cool  f l u i d   with  the  e x t e r i o r   of  t h e  

tubes  so  t h a t   heat   is  t r a n s f e r r e d   through  the  tube  wal l s   from  t h e  

vapour  to  the  f l u i d   and  the  vapour  thus  condenses  w i th in   the  t u b e s ,  

the  tubes  being  mutua l ly   s i m i l a r   one  to  a n o t h e r ,   and  each  b e i n g  

s u b j e c t e d   to  s u b s t a n t i a l l y   the  same  v e l o c i t y   and  t e m p e r a t u r e   d i s t r i -  

bu t ion   in  the  e x t e r n a l   f l u i d ,   and  the  process   compr is ing   the  f u r t h e r  

s tep  of  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   in  each  t u b e .  

A  ba l anced   flow  of  f l u i d   through  the  tubes  can  thus  be  o b t a i n e d  

in  which  the  q u a l i t y   of  f l u i d   l eav ing   each  tube  has  s u b s t a n t i a l l y   t h e  

same  v a l u e .  

P r e f e r a b l y   the  a r rangement   is  such  tha t   the  q u a l i t y   of  f l u i d  

l e a v i n g   each  tube  is  zero.   The  term  " q u a l i t y "   is  de f ined   h e r e i n   a s  

the  r a t i o   m v /m t  where  mv  is  the  mass  flow  r a t e   of  vapour  in  t h e  

f l u i d ,   and  m  is  the  mass  flow  ra te   of  the  t o t a l   f l u i d   c o m p r i s i n g  



l i q u i d   and  vapour.   Thus  a  q u a l i t y   of  1  is  r e s p r e s e n t a t i v e   of  a  f l u i d  

compr is ing   only  vapour,   while  a  q u a l i t y   of  0  r e p r e s e n t s   a  f l u i d   which  

is  wholly  l i q u i d .  

The  i n v e n t o r ' s   have  found  tha t   a  p a r t i c u l a r l y   e f f e c t i v e   way  o f  

o b t a i n i n g   the  de s i r ed   ba lanced   flow  c o n d i t i o n ,   is  by  the  p r o v i s i o n   i n  

each  vapour  tube  of  a  f l u i d   flow  r e s t r i c t o r .  

The  i n v e n t i o n   thus  r e s i d e s   p r i m a r i l y   in  the  s u r p r i s i n g   d i s c o v e r y  

tha t   the  per formance   of  i n - t u b e   condensing  heat  exchangers   can  be 

improved  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   in  each  vapour  t u b e ,  

i r r e s p e c t i v e   of  whether  the re   is  any  apparen t   cause  for  m a l d i s t r i b u -  

t ion   of  vapour .   Thus  the  i n v e n t i o n   f inds   a p p l i c a t i o n   in  those  c a s e s  

where  the  vapour  tubes  are  a l l   such  as  to  o f f e r   the  same  flow  r e s i s t -  

ance  under  the  same  c o n d i t i o n s   of  f l u i d   flow  t h e r e i n ,   and  the  a r r a n g e -  
ment  is  such  tha t   each  tube  is  of  the  same  l eng th   and  sub j ec t   to  t h e  

same  flow  c o n d i t i o n s   and  t e m p e r a t u r e   in  the  e x t e r n a l   f l u i d .   Wi thou t  

l i m i t i n g   the  i n v e n t i o n   in  any  way  the reby ,   a  p o s s i b l e   e x p l a n a t i o n   i s  

thought   to  be  as  f o l l o w s .   When  vapour  is  condensing  as  i t   f l o w s  

along  a  tube,   the  p r e s s u r e   drop  along  the  tube  may  be  very  s m a l l  

indeed,   because  the  f r i c t i o n a l   p r e s s u r e   loss  is  o f f s e t   by  a  r e c o v e r y  

produced  by  the  d e c e l e r a t i o n   of  the  flow.  Hence  the  d i s t r i b u t i o n   of  

vapour  w i th in   the  tube  bundle  w i l l   be  very  s e n s i t v e   to  minor  v a r i a -  

t i ons   in  p r e s s u r e   ups t ream  or  downstream  of  the  bundle.   Thus  s l i g h t  

v a r i a t i o n s   of  p r e s s u r e   r e s u l t i n g   from  the  upstream  pipework,  or  f rom 

v a r i a t i o n s   in  the  k i n e t i c   head  of  vapour  wi th in   the  i n l e t   header  t o  

the  tubes  can  p o s s i b l y   cause  s i g n i f i c a n t   d i f f e r e n c e s   in  the  f l o w r a t e s  

between  d i f f e r e n t   tubes .   By  p rov id ing   even  a  mild  r e s t r i c t i o n   to  t h e  

f l u i d   flow  in  each  tube,   the  t o t a l   p r e s su re   drop  in  the  tube  i s  

c o n s i d e r a b l y   i n c r e a s e d .   It  is  thought   probable   tha t   the  success   of  

the  i n v e n t i o n   r e s u l t s   from  the  fac t   tha t   the  vapour  flow  d i s t r i b u t i o n  

is  thus  r endered   far   l e s s   s e n s i t i v e   to  the  s l i g h t   v a r i a t i o n s   i n e v i t -  

ably  p r e s e n t .  

The  r e s t r i c t o r s   then  a d v a n t a g e o u s l y   each  have  the  same  c r o s s -  

s e c t i o n a l   area  for  f l u i d   f l o w .  

Very  c o n v e n i e n t l y ,   the  r e s t r i c t o r s   are  provided  in  the  form  o f  

removable  i n s e r t s .  

The  r e s t r i c t o r s   are  normal ly   most  advan t ageous ly   p o s i t i o n e d   one 

at  the  en t ry   to  each  vapour  tube.   Their   design  is  thus  s i m p l i f i e d   i n  

tha t   they  w i l l   ca r ry   vapour  o n l y .  



The  i n v e n t i o n   w i l 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  wh ich  

Fig  1  shows  a  s i m p l i f i e d   schemat ic   view  of  a  k e t t l e   r e b o i l e r ,  

Fig  2  is  a  d e t a i l   view  of  par t   of  the  k e t t l e   r e b o i l e r   shown  i n  

Fig  1,  showing  a  r e s t r i c t o r   in  the  form  of  a  removable  i n s e r t ,  

p o s i t i o n e d   in  the  i n l e t   end  of  a  vapour  tube,   and 

Fig  3  shows  a  s i m p l i f i e d   schemat ic   view  of  a  b a f f l e d   s h e l l   and  

tube  heat   e x c h a n g e r .  

In  Figure  1  there   is  shown  a  k e t t l e   r e b o i l e r   compr is ing   an  a r r a y  

of  vapour  tubes  1  w i th in   a  ves se l   2  for  c o n t a i n i n g   a  l i q u i d   to  be 

b o i l e d .   A  s i n g l e   row  of  vapour  tubes  1  is  shown  in  the  plane  of  t h e  

d r a w i n g ,   but  the  r e b o i l e r   can  i n c l u d e   s e v e r a l   such  rows,   eg  i n  

p a r a l l e l   p l anes .   All  of  the  vapour  tubes  are  of  the  same  l eng th   and 

c r o s s - s e c t i o n a l   a rea .   The  vapour  tubes  can  be  supp l i ed   with  v a p o u r  

through  common  i n l e t   header   3  having  an  i n l e t   4.  Fluid  l e av ing   t h e  

tubes  is  c o l l e c t e d   in  an  o u t l e t   header  5  and  can  flow  through  an  

o u t l e t   6.  The  v e s s e l   2  is  provided  with  an  i n l e t   7  for  l i q u i d   and  an  

o u t l e t  8   for  vapour  which  can  f i r s t   c o l l e c t   in  a  vapour  space  9 .  

Provided  in  the  i n l e t   end  of  every  tube  1  is  a  flow  r e s t r i c t o r  

10,  in  the  form  of  a  removable  i n s e r t .  

In  use,  l i q u i d   to  be  evapora ted   is  supp l i ed   to  the  v e s s e l   2  v i a  

the  i n l e t   7,  at  an  a p p r o p r i a t e   r a t e   to  keep  a l l   of  the  t ubes   1 

immersed  t h e r e i n .   Vapour  is  supp l i ed   via  the  i n l e t   4  and  t h e ' h e a d e r  

5  so  as  to  flow  in  p a r a l l e l   through  the  tubes  1.  The  vapour  gives  up 
heat   to  the  l i q u i d   through  the  tube  wa l l s ,   so  tha t   the  l i q u i d   b o i l s  

in  the  v e s s e l   2  and  the  vapour  condenses  in  the  tubes  1.  In  p r a c t i c e  

i t   is  found  t h a t ,   because  of  the  p resence   of  the  r e s t r i c t o r s   10  a t  

the  en t ry   to  the  tubes  1,  the  flow  of  vapour  through  each  tube  1  i s  

v i r t u a l l y   the  same.  It  can  thus  be  a r ranged   tha t   the  f l u i d   i s s u i n g  

from  the  downstream  ends  of  the  tube  c o n s i s t s   almost   e n t i r e l y   o f  

condensa t e   ( q u a l i t y   of  about  ze ro ) ,   ie  l i t t l e   or  no  vapour  i s s u e s  

from  the  downstream  ends  of  the  tubes  1  but  vapour  is  c o n d e n s i n g  

a l o n g   v i r t u a l l y   t h e i r   e n t i r e   l e n g t h   so  as  to  m a x i m i s e   the  h e a t  

t r a n s f e r   to  the  b o i l i n g   l i q u i d .   The  heat  t r a n s f e r   r a t e   in  a  g i v e n  

k e t t l e   r e b o i l e r   has  thus  been  shown  in  p r a c t i c e   to  be  capable   o f  

c o n s i d e r a b l e   improvement,   r e s u l t i n g   from  the  p r o v i s i o n   of  r e s t r i c t o r s  

10.  

The  r e s t r i c t o r s   10  are  r e a d i l y   removed  to  al low  c l e a n i n g   of  t h e  



t ubes ,   and  can  s u b s e q u e n t l y   be  r ep laced   wi thout   d i f f i c u l t y .  

In  F i g u r e   3,  t h e r e   is  shown  a  b a f f l e d   s h e l l - a n d - t u b e   h e a t  

exchanger   compr is ing   an  a r ray   of  vapour  tubes  11  wi th in   a  she l l   12. 

A  s i n g l e   row  of  tubes  11  is  shown  in  the  plane  of  the  drawing,  b u t  

the  heat   exchanger   can  inc lude   s e v e r a l   such  rows,  eg  in  p a r a l l e l  

p l a n e s .   Each  tube  is  of  the  same  l eng th   and  c r o s s - s e c t i o n a l   a r e a .  

The  tubes  11  de f ine   a  number  of  flow  paths  through  which  vapour  can  

flow  in  p a r a l l e l   from  an  i n l e t   header  13  having  an  i n l e t   14  to  a n  

o u t l e t   header   15  having  an  o u t l e t   16.  

Al l   of  the   v a p o u r   t ubes   are  of  the  same  l e n g t h   and  c r o s s -  

s e c t i o n a l   a rea .   Each  tube  11  is  provided  at  i t s   i n l e t   with  a  remov-  

able   r e s t r i c t o r   10  of  the  kind  shown  in  Fig  2 .  

The  s h e l l   is  p rovided  with  an  i n l e t   17  and  an  o u t l e t   18.  Spaced 

l o n g i t u d i n a l l y   of  the  s h e l l   12  and  ex tend ing   a l t e r n a t e l y   from  i t s   t o p  

and  bottom  are  a  number  of  b a f f l e s   20.  Each  b a f f l e   extends  o n l y  

partway  ac ross   the  s h e l l ,   so  as  to  def ine   between  i n l e t   and  o u t l e t   a  

t o r t u o u s   flow  path  whose  gene ra l   d i r e c t i o n   is  l o n g i t u d i n a l l y   a l o n g  

the  l e n g t h   of  the  tubes  11.  

In  use,   cool  l i q u i d   to  be  heated  en t e r s   the  s h e l l   12  via  t h e  

i n l e t   17  and  leaves   via  the  o u t l e t   18.  Vapour  such  as  steam  f l ows  

via  the  i n l e t   14  and  the  header  15,  through  r e s t r i c t o r s   10,  to  f l o w  

along  the  tubes  11  in  p a r a l l e l   pa ths ,   c o u n t e r c u r r e n t   to  the  l i q u i d   i n  

the  s h e l l .   As  the  vapour  flows  along  the  tubes  i t   gives  up  heat  t o  

the  coo le r   l i q u i d   in  the  s h e l l ,   and  condenses .   Although  the  l i q u i d  

flows  back  and  f o r t h   ac ross   the  s h e l l ,   i t s   genera l   p r o g r e s s i o n   i s  

l o n g i t u d i n a l l y   along  the  tubes ,   and  hence  each  tube  is  s ub j ec t   t o  

s u b s t a n t i a l l y   the  same  e x t e r n a l   flow  c o n d i t i o n s   i n c l u d i n g   v e l o c i t y  

and  t e m p e r a t u r e   d i s t r i b u t i o n .  

In  p r a c t i c e   i t   is  found  tha t   in  the  absence  of  the  flow  r e s t r i c -  

tors   10  the  heat  exchanger   can  only  be  ope ra ted   e i t h e r   with  an  e x c e s s  

of  vapour  or  with  some  tubes  cold.   In  e i t h e r   case,   the  heat  t r a n s f e r  

r a t e   a t t a i n e d   in  p r a c t i c e   is  s u b s t a n t i a l l y   less   than  tha t   t h e o r e t i -  

c a l l y   a t t a i n a b l e .  

With  a  r e s t r i c t o r   10  in  place  in  every  tube,  however,  i t   i s  

found  tha t   the  flow  of  vapour  through  each  tube  is  v i r t u a l l y   t h e  

same,  so  t h a t   f l u i d   condenses  along  the  whole  l ength   of  every  t u b e  

and  the  f l u i d   i s s u i n g   from  the  downstream  ends  of  the  tubes  is  a l m o s t  

e n t i r e l y   condensa t e   having  a  q u a l i t y   of  app rox ima te ly   u n i t y .   The 



heat  t r a n s f e r   performance  is  thus  very  c o n s i d e r a b l y   i n c r e a s e d   with  a  

ba lanced  flow  c o n d i t i o n   achieved  by  the  p r o v i s i o n   of  a  r e s t r i c t o r   10 

in  every  t u b e .  



1.  A  heat   t r a n s f e r   process   compris ing   the  s teps   o f  

caus ing   a  r e l a t i v e l y   hot  c o n d e n s i b l e   vapour  to  flow  through  t h e  

i n t e r i o r   of  a  p l u r a l i t y   of  tubes  connected  in  p a r a l l e l ,  

c o n t a c t i n g   a  r e l a t i v e l y   cool  f l u i d   with  the  e x t e r i o r   of  the  tubes  so 

tha t   heat   is  t r a n s f e r r e d   through  the  tube  wal ls   from  the  vapour  t o  

the  f l u i d   and  the  vapour  thus  condenses  wi th in   the  t u b e s ,  

the  tubes  being  mutua l ly   s i m i l a r   one  to  ano the r ,   and  each  being  s u b j e c t e d  

to  s u b s t a n t i a l l y   the  same  v e l o c i t y   and  t e m p e r a t u r e   d i s t r i b u t i o n   in  t h e  

e x t e r n a l   f l u i d ,   and  the  being  c h a r a c t e r i s e d   by  the  f u r t h e r   step  of  p r o v i d -  

ing  a  f l u i d   flow  r e s t r i c t o r   in  each  t u b e .  

2.  A  heat  t r a n s f e r   p rocess   accord ing   to  claim  1  c h a r a c t e r i s e d   in  t h a t  

the  f l u i d   l e a v i n g   the  t ubes   c o n s i s t s   s u b s t a n t i a l l y   w h o l l y   of  l i q u i d  

c o n d e n s a t e .  

3 .   A  heat   t r a n s f e r   p rocess   acco rd ing   to  claim  1  or  claim  2  c h a r a c t e r i s e d  

in  tha t   the  f l u i d   flow  r e s t r i c t o r s   each  have  the  same  c r o s s - s e c t i o n a l   a r e a  

for  f l u i d   f l o w .  

4.  A  h e a t   t r a n s f e r   p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to  3 ,  

c h a r a c t e r i s e d   in  tha t   the  r e s t r i c t o r s   are  provided  in  the  form  of  r emov-  

able  i n s e r t s .  

5.  A  heat   t r a n s f e r   process   accord ing   to  any one  p reced ing   claim  c h a r a c -  

t e r i s e d   in  tha t   the  r e s t r i c t o r s   are  p o s i t i o n e d   one  at  the  en t r ance   of  e a c h  

vapour  t u b e .  

6.  A  heat   t r a n s f e r   p rocess   acco rd ing   to  any one  p reced ing   claim  c h a r a c -  

t e r i s e d   in  tha t   the  tubes  form  par t   of  a  k e t t l e   r e b o i l e r   or  a  b a f f l e d  

s h e l l - a n d - t u b e   heat   e x c h a n g e r .  
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