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@  Method  and  apparatus  for  heating  a  fluid  employing  a  gas  containing  sulfur  oxides  and  water. 
A  fluid  which  is  to  be  heated  by  a  gas  (in  17)  containing 

sulfur  oxides  and  water  vapour is  passed  through  the  inner 
tube(s) (25)  of  a  multi-pipe  heat  exchanger  (21)  and  recovered 
from  the  outermost  tube  (26)  thereof  at  such  a  temperature 
thatthe  outer  surface  temperture  of the  outermosttube  (26)  is 
always  above the acid  dew  point,  thereby  avoiding  acid  corro- 
sion  of  the  outermost  tube  (26)  of  the  heat  exchanger  (21). 

In  an  embodiment, the  heat  exchanger (21) is  of the  dou- 
ble  pipe  type,  but  whichever  type is  employed, the  heat trans- 
fer  characteristics  and/or  sizes  of  the  tubes  of  the  heat 
exchanger (21)  are  selected  to  provide  an  outer surface  temp- 

erature  exceeding  the  acid  dew  point  for  reasonable  and/or 
acceptable  ranges  of  fluid  flow  rates  and  pressure  drops 
therethrough. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  and  a p p a r a t u s   for  h e a t i n g  

a  f l u i d   employing  a  gas  c o n t a i n i n g   s u l f u r   oxides   and  w a t e r .  

Hot  gases  c o n t a i n i n g   su l fu r   oxides  and  water   are  commonly  employed 

for  h e a t i n g   in  i n d u s t r y   and  are  der ived  by  burn ing   fue l s   c o n t a i n i n g  

s u l f u r .   Among  such  f u e l s   are  so l id   fue l s   such  as  coals   and  l i g n i t e s   and 

f l u i d   f u e l s   such  as  fuel   o i l s   and  hyd roca rbon   gases .   A  w e l l - k n o w n  

problem  a r i s i n g   from  the  use  of  such  hot  gases  is  t h a t   of  acid  c o r r o s i o n  

which  occurs   when  the  t e m p e r a t u r e   of  the  hot  gases  f a l l s   to  the  dew 

po in t   and  an  a c i d i c   l i q u i d   condenses  on  metal   p a r t s   such  as  the  low 

t e m p e r a t u r e   hea t   r e c o v e r y   tubes  of  a  f u r n a c e   or  b o i l e r .  

The  u sua l   method  of  avoid ing   acid  c o r r o s i o n   is  to  ensure   tha t   t h e  

hot  gases  never   c o n t a c t   s u r f a c e s   which  are  at  such  t e m p e r a t u r e s   as  t o  

cause  c o n d e n s a t i o n   of  a c i d i c   l i q u i d .   In  the  case  of  b o i l e r s   or  p r o c e s s  

s t ream  h e a t e r s ,   the  water   or  process   s t ream  feed  is  p r e h e a t e d   to  a  

t e m p e r a t u r e   exceed ing   the  dew  point   of  the  hot  gases  from  which  heat   i s  

to  be  e x t r a c t e d ,   and  t h i s   p r a c t i c e   has  obvious   drawbacks  in  tha t   an  

a d d i t i o n a l   hea t   exchanger   and  an  a d d i t i o n a l   source   of  h e a t  t h e r e f o r   a r e  

r e q u i r e d ,   and  moreover ,   the  heat  which  can  be  r e c o v e r e d   from  the  h o t  

gases  is  not  as  f u l l y   e x p l o i t e d   as  it   might  b e .  



An  a l t e r n a t i v e   approach   which  has  been  sugges ted   is  to  form  t h e  

s u r f a c e s   of  the  heat   r e c o v e r y   tubes  from  m a t e r i a l s   which  are  capable   of  

r e s i s t i n g   acid  c o r r o s i o n .   This  a l t e r n a t i v e   approach  has  p r a c t i c a l  

l i m i t a t i o n s   s ince   i t   is  not  u s u a l l y   economic  to  form  the  s u r f a c e s   of  

heat   r ecovery   tubes  whol ly   from  a c i d - r e s i s t a n t   m a t e r i a l ,   and  in  p r a c t i c e ,  

only  those  s e c t i o n s   of  the  tubes  which  are  v u l n e r a b l e   to  acid  c o r r o s i o n  

are  formed  of  a c i d - r e s i s t a n t   m a t e r i a l s .   However,  even  t h i s   approach  i s  

not  f ree   from  d i f f i c u l t i e s   because   the  s t r e n g t h   of  the  acid  formed  on 

the  exposed  s u r f a c e   of  a  heat   r ecove ry   tube  depends  on  the  t e m p e r a t u r e  

of  the  exposed  s u r f a c e ,   'and  the  t e m p e r a t u r e   unavo idab ly   v a r i e s   along  t h e  

length   of  the  tube.   The  v u l n e r a b l e   s e c t i o n s   of  the  tubes  must  t h e r e f o r e  

be  formed  from  d i f f e r e n t   m a t e r i a l s   each  capable   of  r e s i s t i n g   c o r r o s i o n  

by  the  acid  d e p o s i t e d   l o c a l l y   t h e r e o n .   Besides   adding  to  the  cost  o f  

the  heat   r ecove ry   t u b e s ,   the  approach  is  not  r e l i a b l e   because   a  change  

in  the  o p e r a t i n g   c o n d i t i o n s   of  the  fu rnace   can  change  the  s t r e n g t h   o f  

the  acid  d e p o s i t e d   at  each  l o c a t i o n   so  tha t   m a t e r i a l s   which  p r e v i o u s l y  

would  not  have  been  co r roded   become  exposed  to  an  acid  s t r e n g t h   wh ich  

they  may  not  be  able  to  r e s i s t .  

The  p r e s e n t   i n v e n t i o n ,   in  one  a s p e c t ,   p rov ides   a  method  of  h e a t i n g  a  

f l u i d   employing  a  h e a t i n g   gas  c o n t a i n i n g   SO  and  H20  which  passes   in  h e a t  

exchange  r e l a t i o n s h i p   with  the  ou te r   s u r f a c e   of  a  heat   exchanger   t h r o u g h  

which  the  f l u i d   is  p a s s e d ,   where in   the  hea t   exchanger  comprises   a  m u l t i -  

pipe  heat  exchanger ,   and  unhea ted   f l u i d   is  passed  in to   an  i n l e t   of  one 

pipe  of  the  m u l t i - p i p e   heat   exchanger   at  a  t empera tu re   below  the  a c i d  

dew  point   of  the  h e a t i n g   gas  and  d i s c h a r g e d   from  an  o u t l e t   of  a n o t h e r  

pipe  of  the  said  m u l t i - p i p e   heat   exchanger   at  a  t e m p e r a t u r e   e x c e e d i n g  

the  acid  dew  po in t   of  the  h e a t i n g   gas,  and  m a i n t a i n i n g   the  flow  of  f l u i d  

through  the  m u l t i - p i p e   heat   exchanger   at  a  ra te   such  tha t   the  t e m p e r a t u r e  



of  the  ou te r   s u r f a c e   of  t h e  m u l t i - p i p e   heat   exchanger   i s  a b o v e   the  a c i d  

dew  p o i n t   of  the  h e a t i n g   g a s .  

P r e f e r a b l y ,   the  said  o ther   pipe  is  the  o u t e r m o s t  p i p e   of  the  m u l t i -  

pipe  hea t   exchange r ,   and  the  said  o n e  p i p e   i s  i n w a r d s   o f  t h e   said  o t h e r  

p i p e .  

The  f l u i d   d i s c h a r g e d   f r o m  t h e   m u l t i - p i p e   heat   exchanger   p r e f e r a b l y  

is  conduc ted   to  ano ther   heat   exchange  means  and,  heated   t h e r e i n   to  a  

h ighe r   t e m p e r a t u r e .  

The  sa id   o the r   heat   exchange  means  m a y  b e  h e a t e d   mainly  by  r a d i a t i o n  

from  a  flame  in  which  a  s u l f u r - c o n t a i n i n g   f u e l  i s   burned  to  p r o d u c e  

combust ion   g a s e s .  

The  sa id   combust ion  gases  may  f o r m  a t   l e a s t   some  o f  t h e   said  h e a t i n g  

gas,  and  the  m u l t i - p i p e   heat   exchanger   m a y  b e  h e a t e d   mainly   by  c o n v e c t i o n  

from  said  combus t ion   g a s e s .  

In  a n o t h e r   a s p e c t ,   t h e  i n v e n t i o n   p rov ides   a p p a r a t u s   for  hea t i ng   a  

f l u i d   c o m p r i s i n g   at  l e a s t   one  burner   for  burning   a  s u l f u r - c o n t a i n i n g  

fue l   in  a  flame  to  produce  c o m b u s t i o n  g a s e s   c o n t a i n i n g   SOX  and  H20, 

compr i s ing   h e a t   exchange  means  through  which  the  f l u i d   c an  f l ow   i n  

i n d i r e c t   hea t   exchange  r e l a t i o n s h i p   w i t h  c o m b u s t i o n   gases  c o n t a c t i n g   t h e  

outer   s u r f a c e   of  the  heat   exchange  means,  where in   the  heat   exchange  

means  compr i s e s   a  m u l t i - p i p e   heat   exchanger  having  an  i n l e t   for  u n h e a t e d  

f l u i d   at  one  end   of  one  pipe  and  an  o u t l e t   for  hea ted   f l u i d   a t -one   end 

of  ano the r   p ipe   of  the  m u l t i - p i p e   h e a t  e x c h a n g e r ,   and  compr i s ing   means 

for  s u p p l y i n g   f l u i d  t o   the  m u l t i - p i p e   heat   exchanger   at  a  r a t e   wi th in   a 

p r e d e t e r m i n e d   r a n g e  t o   avoid  the  d e p o s i t i o n   of  acid  dew on  the  o u t e r  

s u r f a c e   of  the  m u l t i - p i p e   heat   e x c h a n g e r .  



The  a p p a r a t u s   may  comprise  a  second  heat   exchange  means  c o n n e c t e d  

to  r e ce ive   hea ted   f l u i d   from  the  o u t l e t   of  the  said  other   pipe  of  t h e  

m u l t i - p i p e   heat   e x c h a n g e r .  

The  second  heat   exchange  means  may  be  so  d isposed   r e l a t i v e   to  t h e  

burner   t h a t ,   dur ing  o p e r a t i o n ,   a  major  pa r t   of  the  heat  r ece ived   by  t h e  

second  heat  exchange  means  is  by  r a d i a t i o n   from  the  f l a m e .  

The  m u l t i - p i p e   heat   exchanger  may  be  so  c o n s t r u c t e d   and/or   a r r a n g e d  

in  the  a p p a r a t u s   t h a t ,   dur ing  o p e r a t i o n ,   a  major  par t   of  the  heat   r e c e i v e d  

by  the  m u l t i - p i p e   heat  e x c h a n g e r   is  by  c o n v e c t i o n   from  the  c o m b u s t i o n  

g a s e s .  

The  a p p a r a t u s   may  comprise  wal ls   d e f i n i n g   a  condui t   for  the  p a s s a g e  

of  combustion  gases ,   the  m u l t i - p i p e   heat   exchanger   ex tend ing   across   s a i d  

conduit   and  being  f i x e d l y   a t t a c h e d   to  the  wal ls   t h e r e o f   at  one  end  o n l y .  

The  heat  t r a n s f e r   p r o p e r t i e s   of  the  m u l t i - p i p e   heat  exchanger  may 

be  improved  by  p r o v i d i n g   extended  s u r f a c e s   such  as  f ins   and/or   p r o t r u s i o n s  

on  one  or  more  heat  t r a n s f e r   s u r f a c e s   t h e r e o f .  

The  m u l t i - p i p e  h e a t   exchanger  may  comprise  one  or  more  p a s s e s .  

The  i n v e n t i o n   is  now  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  some  n o n -  

l i m i t a t i v e ,   examplary  i l l u s t r a t i v e   d iagrammat ic   drawings  in  the  accompanying  

F igu res ,   w h e r e i n : -  

Figure  1  is  a  d iagrammat ic   v e r t i c a l   c r o s s - s e c t i o n a l   e l e v a t i o n   o f  

the  main  f e a t u r e s   of  a  known  furnace   employed  for  hea t i ng   a  p r o c e s s  

f l u i d ;  

Figure  2  shows  d i a g r a m m a t i c a l l y   a  par t   of  the  fu rnace   of  F igure   1 

i n c o r p o r a t i n g   appa ra tus   in  accordance   with  the  i n v e n t i o n   but  not  showing 

pumps  and/or  va lves   or  o ther   f l o w - i n f l u e n c i n g   equipment;   and 

Figure  3  shows  an  a l t e r n a t i v e   m o d i f i c a t i o n   to  that   dep ic t ed   i n  

Figure  2.  



R e f e r r i n g   f i r s t   to  F igure   1,  the  furnace   10  comprises  v e r t i c a l  

walls   11  l ined  with  r e f r a c t o r y   w h i c h  d e f i n e   a number  of  sec t ions   of  

reduced  h o r i z o n t a l - c r o s s - s e c t i o n a l   area  at  the  h igher   l eve l s   and  which 

s e c t i o n s   are  connected  by,  e . g . ,  s l o p i n g   s e c t i o n s .   The  top  s e c t i o n   12 

is  connected  to  a  s t a c k  ( n o t   shown)  for  the  d i scha rge   of  combus t ion  

gases  from  the  top  of  the  fu rnace   10.  

Near  the  b a s e  o f   the  fu rnace   are  p rov ided   a  s u i t a b l e   number  o f  

burners   (not  shown)  s u p p o r t e d   by  fu rnace   f l o o r   13.  The  o r  each   b u r n e r  

is  supp l i ed   with  fuel  which  is  burned  in  a  flame  14  above  the  f u r n a c e  

f loo r   13.  In  the  v i c i n i t y   of  flame  14,  t he re   is  i n t ense   r a d i a t i o n   and 

at  more  remote  l o c a t i o n s   above  the  f lame,  most  o f  t h e   h e a t i n g  e f f e c t   o f  

the  flame  is  by  c o n v e c t i o n   through  the  medium of  the  combustion  g a s e s  

and  hot  e x c e s s  a i r .  

Most  fue ls   c o n t a i n   s u l f u r   a n d  i n  c o n s e q u e n c e  t h e  c o m b u s t i o n  

gases  con t a in   s u l f u r  o x i d e s   in  a d d i t i o n   to  the  water  vapour  p roducedby  

the  o x i d a t i o n   of  the  h y d r o g e n - c o n t a i n i n g   components  o f   the  f u e l .  

Genera l ly   speak ing ,   the  p rocess   f l u i d   which  is  to  be  heated  i s  

passed  more  or  less  c o u n t e r c u r r e n t l y  r e l a t i v e  t o   the  combustion  gases  so 

tha t   cool  f l u i d   is  employed  to  r e c o v e r  h e a t   f rom the   combustion  g a s e s  

near  the  top  of  the  f u r n a c e  m a i n l y  b y   c o n v e c t i v e   heat   t r a n s f e r ,   and 

heated   f l u id   is  f i n a l l y   h e a t e d  m a i n l y   by  r a d i a n t   hea t   t r a n s f e r   i n  t h e  

v i c i n i t y   of  the  flame  14.  Thus,  as  w i l l   be  seen  f rom  Figure  1,  t h e  

process   f l u i d   en te r s   the  fu rnace   10  near  the  top  via  tube  15  and  p a s s e s  

through  one  (or  more)  se t s   or  banks  o f  t u b e s   1 6  d i s p o s e d  i n   a  c o n v e c t i o n  

s e c t i o n   17  of  the  furnace   for  r ecove ry   of  h e a t  f r o m   the  hot  combus t ion  

gases  pass ing   upwardly  towards  the  top  s e c t i o n  1 2   and  s tack  from  a  l o w e r  

s e c t i o n   18  compris ing  a  f i r e b o x .   T h e  f l u i d   p a s s e s  t h r o u g h   tυbes  16  in  a 

g e n e r a l l y   c o u n t e r c u r r e n t   path  t o  t h e   combustion  gases  and  r e l a t i v e l y   h o t  

f l u i d   c i r c u l a t e s   from  the  tubes  16  to  one  or  more banks  of  tubes  19  i n  



the  lower  s e c t i o n   18  sur rounding   the  flame  wherein  a  major  p ropor t ion   o f  

high  t empera tu re   heat  is  recovered  from  the  r a d i a t i o n   in  the  lower  

sec t ion   18.  The  f lu id   leaves  the  tube  bank(s)  19  via  o u t l e t ( s )   20  at  a 

r e l a t i v e l y   high  t e m p e r a t u r e .  

Reference   is  now  made  to  Figure  2  which  shows,  in  s i m p l i f i e d  

form,  an  a r rangement   of  heat  reccvery  tubes  for  use  in  the  c o n v e c t i o n  

sec t i cn   17  in  accordance  with  the  i n v e n t i o n .   In  this   a r rangement ,   t h e  

f luid  is  heated  employing  a  double  pipe  heat  exchanger  21  e x t e n d i n g  

across  the  convec t ion   s e c t i o n   17  and  being  supported  at  i t s   end  r e g i o n s  

by  the  walls  22,  23  of  the  furnace  around  the  sec t ion   17.  Double  p ipe  

heat  exchangers  are  known  per  se,  and  in  the  i l l u s t r a t e d   a r r angemen t ,  

the  cool  f l u id   is  passed  into  one  end  24  of  the  cen t r a l   tube  25  of  t he  

heat  exchanger  21  and  c i r c u l a t e s   from  the  open  oppos i te   end  of  t h e  

cen t r a l   tube  25  into  the  surrounding  annulus  defined  between  the  c e n t r a l  

tube  25  and  an  outer   tube  26.  Matters   are  so  arranged  that   heat  i s  

recovered  from  the  combustion  gases  at  t empera tures   exceeding  the  a c id  

dew  point   on  the  outer   surface   of  the  outer   tube  26,  thereby  a v o i d i n g  

acid  co r ro s ion   problems.  Some  of  the  heat  thus  recovered  in  the  f l u i d  

passing  between  the  tubes  25  and  26  is  t r a n s f e r r e d   to  the  f l u id   in  the  

cen t r a l   tube  25  by  heat  t r a n s f e r   through  the  walls  of  tube  25,  and  the  

p ropo r t i ons   of  heat  r e t a i n e d   in  the  outer  annulus  of  f lu id   aa"  t r a n s f e r r e d  

to  the  innermost   f lu id   can  be  varied  or  predetermined  by  a p p r o p r i a t e  

dimensioning  of  the  c r o s s - s e c t i o n a l   flow  areas  of  the  annulus  and  of  t he  

cen t ra l   tube,  by  employing  appropr i a t e   m a t e r i a l s   of  c o n s t r u c t i o n   t o  

provide  the  des i red   amount  of  heat  t r a n s f e r   through  tube  25,  by  t h e  

use  of  b a f f l e s   (not  shown),  f ins ,   studs  or  other  extended  sur faces   (no t  

shown)  on  a p p r o p r i a t e   par ts   of  t h e  f l u i d - c o n t a c t i n g   regions  of  the  tubes  

25  and  26  and/or  g a s - c o n t a c t i n g   r e g i o n s  o f   tube  26,  by  va ry ing   the  f low 



rate   of  the  f l u i d   through  the  heat  exchanger   21,  i n t e r   a l i a .   It  i s  

within  the  o r d i n a r y   competence  o f  t h e   s k i l l e d   t e c h n o l o g i s t   to  d e t e r m i n e  

which  one  or  c o m b i n a t i o n  o f   the  f o r e g o i n g   t e c h n i q u e s  s h o u l d   be  employed,  

and  to  what  e x t e n t .  

The  h e a t e d   f l u i d   is  r e c o v e r e d   from  o u t l e t   27  and  may  b e  p a s s e d  

to  f u r t h e r   c o n v e c t i v e   heat   r ecove ry   u n i t s   and/or   to  a  r a d i a n t   h e a t  

recovery  tube  bank  as  d e s c r i b e d  i n  r e l a t i o n   to  Figure   1 .  

I t   w i l l   be  seen  tha t   the  a r rangement   of  F i g u r e  2   enables   c o l d  

f lu id   to  be  h e a t e d   t o  a   t empera tu re   exceeding  the  acid  dew po in t   w i t h o u t  

causing  acid  dew  po in t   c o r r o s i o n   of  the  heat  exchanger  21.  In  one  mode 

of  c o n s t r u c t i o n ,   the  heat   exchanger  21  is  f ixed  at  one  end  o n l y ,  p r e f e r a b l y  

the  end  at  which  cold  f l u i d   en te r s   and  from where  heated  f l u i d   is  r e c o v e r e d .  

The  other  end  is  s u p p o r t e d   in  such  a  manner  that   i t   i s  f r e e   to  move  t o  

accommodate  t he rma l   expans ion  and   c o n t r a c t i o n   o f  t h e  h e a t   exchanger   21 

and  the  furnace   w a l l s .  

With  r e f e r e n c e   now  to  Figure   3,  there   is  dep ic t ed   a  d o u b l e  

pipe  heat  exchanger   29  of  t h e  s o - c a l l e d   " h a i r p i n "   type  mounted  in  t h e  

convect ion  s e c t i o n   17  of  a  h e a t i n g   f u r n a c e .  

In  t h i s   a r r angemen t ,   the  cold  f l u i d   feed  is  comple te ly   s e p a r a t e d  

from  the  f l u i d   which  r ecove r s   heat   from  the  upwardly  pass ing   hot  c o m b u s t i o n  

gases  giving  a  g r e a t e r   range  of  v a r i a b i l i t y   of  th roughputs   of  the  c o l d  

f lu id   feed  than  in  the  embodiment  of  F igure   2  s i n c e  t h e   flow  r a t e   and 

i n i t i a l   t e m p e r a t u r e   o f  t h e   f e e d  h a v e   l ess   i n f l u e n c e   on  the  t e m p e r a t u r e  

of  the  outer   s u r f a c e   of  the  heat   exchanger   29.  

The  cold  f l u i d   feed  is  c i r c u l a t e d   into  the  en t r ance   30  of  t h e  

lowest  s e c t i o n   of  the  c e n t r a l   tube  31  a n d  i s  r e c o v e r e d   via  an  o u t l e t   32 

from  the  h i g h e s t   s e c t i o n   of  the  c e n t r a l   tube  31. 

The  f l u i d   feed  is  c i r c u l a t e d   through  tube 31  g e n e r a l l y   c o u n t e r c u r r e n t l y  

to  a  f lu id   in  the  annu la r   space  34  de f ined   between  the  c e n t r a l   tube  31 



and  an  outer   tube  33.  The  flow  ra te   and  tempera ture   of  the  f lu id   in  t h e  

annular  space  34  are  so  arranged  that  the  lowest  t empera tu re   on  t h e  

outside  of  the  outer   tube  33  exceeds  the  acid  dew  p o i n t .  

P r e f e r a b l y   the  f lu id   in  the  cen t ra l   tube  31  c i r c u l a t e s   c o u n t e r c u r r e n t l y  

to  the  f l u id   in  the  annular   space  34,  and  the  l a t t e r   en t e r s   the  h e a t  

exchanger  29  via  i n l e t   36  on  or  communicating  with  the  upper ,   c o o l e r  

pass  of  the  heat   exchanger  29  and  is  recovered  at  a  h igher   t e m p e r a t u r e  

from  an  o u t l e t   37  or  communicating  with  the  lower,  h o t t e r   pass .   The 

temperature   of  the  f l u id   in  the  cooler   pass  must  be  such  that   the  t e m p e r a t u r e  

of  the  outer   s u r f a c e   o f ' t h e   wall  the reof   exceeds  the  acid  dew  p o i n t .  

In  th i s   embodiment,  it  is  pos s ib l e   to  r a i s e   the  t empera tu re   o f  

the  cold  f l u i d   feed  by  a  g r e a t e r   amount,  gene ra l ly   speak ing ,   than  in  t h e  

embodiment  of  F igure   2 .  

In  a  v a r i a n t   (not  shown)  of  the  Figure  3  a r r angement ,   at  l e a s t  

some  of  the  hea ted   f l u id   recovered  from  the  o u t l e t   32  of  the  c e n t r a l  

tube  32  is  employed  as  the  f lu id   in  annular  space  34.  

In  F igure   3,  it  wi l l   be  seen  that  the  outer   tube  33  has  f l a n g e d  

ends  38,  39  to  permit   access  for  c l ean ing ,   maintenance  and  r e p a i r .   The 

cen t ra l   tube  31  may  also  be  fu rn i shed   with  f langes   (not  shown)  or  o t h e r  

means  of  a t t a c h m e n t   in  the  v i c i n i t y   of  the  r e tu rn   bend  40  (e .g .   where 

each  end  of  the  bend  40  is  a t t ached   to  the  s t r a i g h t   s e c t i o n s   of  the  t u b e  

33)  for  s e r v i c i n g   and  removal  of  the  cen t r a l   tube  31.  

As  in  the  previous   embodiment,  the  heat  t r a n s f e r   s u r f a c e s  

contacted  by  one  or  both  streams  of  f lu id   may  be  provided  with  f ins  o r  

other  extended  heat   t r a n s f e r   su r faces   and/or  fu rn i shed   with  b a f f l e s .  

It  is  contemplated  that  a  p l u r a l i t y   of  double  pipe  h e a t  

exchangers  may  be  employed  in  s e r i e s   and/or  p a r a l l e l   connec t i on ,   and 

that  they  may  be  of  the  same  type  or  d i f f e r e n t   types.   Moreover,  in  a 



f u r t h e r   v a r i a n t   of  the  i n v e n t i o n ,   i t   is  c o n t e m p l a t e d   that   in  place  o f  

double  pipe  hea t   e x c h a n g e r s ,   there   may  be  employed  heat  e x c h a n g e r s  

having  at  l e a s t   two  p ipes   enc losed   by  t h e  o u t e r m o s t   pipe  and  tha t   t h e  

thus  said  e n c l o s e d   p ipes   may  be  a r ranged   s i d e - b y - s i d e   w i th in   the  e n c l o s i n g  

pipe  and/or   one  w i t h i n   a n o t h e r   i n s i d e   the  e n c l o s i n g   p i p e .  

Any  f e a s i b l e   combina t ion   of  the  f o r e g o i n g   a r rangements   may 

also  be  employed  w i t h o u t   d e p a r t i n g   from  the  i n v e n t i o n .  

Al though   the  i n v e n t i o n   has  been  more  p a r t i c u l a r l y   d e s c r i b e d  

with  r e f e r e n c e   to  a v o i d i n g   acid  c o r r o s i o n   when  h e a t i n g   a  f l u i d   in  t h e  

c o n v e c t i o n   s e c t i o n   of  a  f u r n a c e   or  s i m i l a r   h e a t i n g   a p p a r a t u s ,   the  i n v e n t i o n  

may  be  employed  a l t e r n a t i v e l y   or  a d d i t i o n a l l y   for  h e a t i n g   a  f l u i d   e l s e w h e r e  

in  a  f u r n a c e   or  o the r   h e a t i n g   a p p a r a t u s .   For  example,  acid  c o r r o s i o n  

has  been  obse rved   on  hea t   exchange  tubes  w i t h i n   the  r a d i a n t   h e a t i n g  

s e c t i o n   of  a  f u r n a c e   when  the  t e m p e r a t u r e - o f   t h e  f l u i d   p a s s i n g   t h r o u g h  

such  tubes  is  r e l a t i v e l y   low.  The  heat   exchange  tubes  which  are  s u b j e c t  

to  acid  c o r r o s i o n   in  the  r a d i a n t   s e c t i o n   may  be  tubes  in  which  a  f l u i d  

is  hea ted   from  a  t e m p e r a t u r e   below  the  l o c a l   acid   dew  po in t   to  a  h i g h e r  

t e m p e r a t u r e   and  is  then  conduc ted   e i t h e r   (a)  t o  h e a t   exchange  tubes  i n  

the  same  f u r n a c e   or  a p p a r a t u s ,   or  (b)  to  a n o t h e r   i tem  of  equipment   f o r  

f u r t h e r   h e a t i n g   a n d / o r   u t i l i z a t i o n ,   or  in  p a r t   to  both  (a)  and  ( b ) .  

It  w i l l   be  a p p r e c i a t e d   t h a t   wh i cheve r   type  of  m u l t i - p i p e   h e a t  

exchanger   is  employed  to  per form  the  i n v e n t i o n ,   the  heat   t r a n s f e r  

c h a r a c t e r i s t i c s   and /o r   s i z e s   of  the  tubes  are  s e l e c t e d   to  p rov ide   a n  

outer   s u r f a c e   t e m p e r a t u r e   exceed ing   the  acid  dew  po in t   for  r e a s o n a b l e  

and/or   a c c e p t a b l e   ranges   of  flow  r a t e s   and  p r e s s u r e   d r o p s .  

In  some  c i r c u m s t a n c e s ,   i t   may  be  c o n v e n i e n t   to  f o rm a t   l e a s t  

the  o u t e r m o s t  t u b e   of  the  m u l t i - p i p e   heat   exchanger   with  a  r e c t a n g u l a r  

c r o s s - s e c t i o n   so  t h a t   t h e  - m u l t i - p i p e   heat   exchanger   can  be  more  e a s i l y  

i n t e r f i t t e d   wi th   o the r   i tems  of  e q u i p m e n t .  



1.  A  method  of  h e a t i n g   a  f lu id   employing  a  hea t i ng   gas  ( e . g . ,   in  17, 

Fig.  2)  c o n t a i n i n g   SOx  and  H20  which  passes   in  heat   exchange  

r e l a t i o n s h i p   with  the  outer  surface   of  a  heat  exchanger  (21) 

through  which  the  f l u id   is  passed,  c h a r a c t e r i z e d   in  that   the  h e a t  

exchanger  (21)  comprises   a  m u l t i - p i p e   heat   exchanger ,   and  u n h e a t e d  

f l u id   is  passed  into  an  i n l e t   (24)  of  one  pipe  (25)  of  the  m u l t i -  

pipe  heat   exchanger  (21)  at  a  t empera tu re   below  the  acid  dew  p o i n t  

of  the  h e a t i n g   gas  and  discharged  from  an  o u t l e t   (27)  of  a n o t h e r  

pipe  (26)  of  the  said  m u l t i - p i p e   heat  exchanger  (21)  at  a  t e m p e r a t u r e  

exceeding  the  acid  dew  point  of  the  hea t i ng   gas,  and  m a i n t a i n i n g  

the  flow  of  f l u id   through  the  m u l t i - p i p e   heat   exchanger  at  a  r a t e  

such  that   the  t empera tu re   of  the  outer  su r f ace   of  the  m u l t i - p i p e  

heat  exchanger  (21)  is  above  the  acid  dew  poin t   of  the  hea t i ng   g a s .  

2.  A  method  as  in  claim  1  in  which  the  said  o ther   pipe  is  the  o u t e r m o s t  

pipe  (26)  of  the  m u l t i - p i p e   heat  exchanger ,   and  the  said  one  p i p e  

(25)  is  inwards  of  the  said  other  pipe  ( 2 6 ) .  

3.  A  method  as  in  claim  1  or  claim  2  in  which  the  f l u id   d i s c h a r g e d  

from  the  m u l t i - p i p e   heat  exchanger  (21)  is  conducted  to  a n o t h e r  

heat  exchange  means  (e .g .   19,  Fig.  1)  and  heated  t h e r e i n   to  a 

h igher   t e m p e r a t u r e .  

4.  A  method  as  in  claim  3  in  which  the  said  o ther   heat  exchange  means 

(19)  is  heated  mainly  by  r a d i a t i o n   from  a  flame  (14,  Fig.  1)  i n  

which  a  s u l f u r - c o n t a i n i n g   fuel  is  burned  to  produce  c o m b u s t i o n  

g a s e s .  

5.  A  method  as  in  claim  4  in  which  the  combustion  gases  form  at  l e a s t  

some  of  the  said  hea t ing   gas,  and  in  which  the  m u l t i - p i p e   h e a t  

exchanger  is  heated  mainly  by  convect ion   (in  17,  Fig.  1)  from  s a i d  

combustion  g a s e s .  



6.  Appara tus   for   h e a t i n g   a  f l u id   compr i s ing   at  l e a s t   one  burner   f o r  

burning  a  s u l f u r - c o n t a i n i n g   fuel   in  a  flame  (e .g .   14,  Fig.  1)  t o  

produce  combust ion   gases  c o n t a i n i n g   SOx  and  H20,  compris ing  h e a t  

exchange  means  (16,  19,  Fig.  1)  through  which  the  f l u id   can  flow  i n  

i n d i r e c t   hea t   exchange  r e l a t i o n s h i p   with  combust ion  gases  c o n t a c t i n g  

the  ou te r   s u r f a c e   of  the  heat   exchange  means,  c h a r a c t e r i z e d   in  t h a t  

the  heat   exchange  means  comprises  a  m u l t i - p i p e   heat   exchanger  (21 ,  

Fig.  2)  having  an  i n l e t   (24)  for  unhea ted   f l u i d   at  one  end  of  one 

pipe  (25)  and  an  o u t l e t   (27)  for  hea ted   f l u i d   at  one  end  of  a n o t h e r  

pipe  (26)  of  the  m u l t i - p i p e   heat   exchanger   (21),  and  c o m p r i s i n g  

means  for  supp ly ing   f l u i d   to  the  m u l t i - p i p e   heat  exchanger  at  a 

r a t e   w i t h i n   a  p r e d e t e r m i n e d   range  to  avoid  the  d e p o s i t i o n   of  a c i d  

dew  on  the  outer   s u r f a c e   of  the  m u l t i - p i p e   heat   e x c h a n g e r .  

7.  Appara tus   acco rd ing   to  claim  6  compr i s ing   a  s e c o n d  h e a t   exchange  

means  ( e .g .   19,  Fig.  1)  connected  to  r e c e i v e   hea ted   f l u id   from  t h e  

o u t l e t   (27)  of  the  said  other   pipe  (26)  of  the  m u l t i - p i p e   h e a t  

exchanger   ( 2 1 ) .  

8.  Appara tus   acco rd ing   to  claim  7  in  which  the  s e c o n d  h e a t   exchange  

means  (19)  is  so  d i sposed   r e l a t i v e   to  the  burner   t h a t ,   d u r i n g  

o p e r a t i o n ,   a  major  pa r t   of  the  heat   r e c e i v e d   by  the  second  h e a t  

exchange  means  is  by  r a d i a t i o n   from  the  flame  ( 1 4 ) .  

9.  Appara tus   accord ing   to  any one  of  claims  6,  7  or  8  in  which  t h e  

m u l t i - p i p e   heat   exchanger  (21)  is  so  c o n s t r u c t e d   and/or  arranged  i n  

the  a p p a r a t u s   (10,  Fig.  1)  t ha t ,   dur ing  o p e r a t i o n ,   a  major   par t   o f  

the  heat   r e c e i v e d   by  the  m u l t i - p i p e   heat   exchanger   (21)  is  by 

c o n v e c t i o n   from  the  combustion  gases  ( e . g . ,   in  s e c t i o n   17,  Fig.  1 ) .  

10.  Appara tus   accord ing   to  any one  of  claims  6,  7,  8  or  9  c o m p r i s i n g  

wal l s   (22,  23,  Fig.   2)  de f in ing   a  condu i t   for  the  passage  of  c o m b u s t i o n  

gases ,   t h e  m u l t i - p i p e   heat   exchanger  (21)  ex tend ing   across  s a i d  

condu i t   and  being  f i x e d l y   a t t ached   to  the  wal ls   t he reo f   at  one  end 

only  (at   2 2 ) .  






	bibliography
	description
	claims
	drawings

