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(54)  Heat  exchange  apparatus. 
A  heat  exchange  apparatus  for  removing  residual  heat 

from  a  domestic  or  small  commercial  boiler  has  three  heat 
exchange  vessels  12,14,16  which  contain  water  to  be  heated 
bythetheflue  gas.  Provision  is  madefordraining  out  conden- 
sation  which  may  form  in  the  apparatus:  condensation  form- 
ing  on  these  cooled  vessels  12,14,16  falls  or  is  guided  onto  a 
base  80  shaped  so  that  condensate  drains  out  through  an 
outlet  84  provided.  A  reversal  90  in  the  direction  of  flue  gas 
proximate  the  base  of  vessels  14  and  16  promotes  deposition 
of fly  ash.  Deposited  fly  ash  can  be  removed  through  a  door 
92.  The  apparatus  is  made  from  steel  plate.  To  protect  it 
against  corrosion  caused  by  sulphur  acids  contained  in  the 
flue  gas,  and  which  dissolve  in  the  condensation,  its  inner 
casing  is  dip-coated  with  a  thermosetting  synthetic  resin  paint 
curable  by  stoving. 





T h i s   i n v e n t i o n   r e l a t e s   to  h e a t   e x c h a n g e   a p p a r a t u s ,  

a l s o   known  as  an  " e c o n o m i s e r " ,   s e r v i n g   to  w i t h d r a w   h e a t  

f rom  f l u e   g a s e s .   I t   is  p r i m a r i l y   c o n c e r n e d   w i t h  

a p p a r a t u s   wh ich   would   r e c e i v e   the  f l u e   gas  from  d o m e s t i c  

or  s m a l l   c o m m e r c i a l   h e a t i n g   a p p a r a t u s   used   to  h e a t   a 

f l u i d   med ium,   e s p e c i a l l y   w a t e r .   Such  h e a t i n g   a p p a r a t u s  

would   t y p i c a l l y   have   a  h e a t   o u t p u t   in  the  r a n g e   6 0 , 0 0 0   t o  

3 0 0 , 0 0 0 . T h . U / h   ( a p p r o x i m a t e l y   16  to  84  k i l o w a t t s )   a n d  

h e a t   a  f l u i d   medium  such  as  w a t e r   for   c e n t r a l   h e a t i n g   o r  

a i r   for  a  d u c t e d   warm  a i r   c e n t r a l   h e a t i n g   s y s t e m .   I t   may 

be  o i l   or  gas  f i r e d   a p p a r a t u s   in  a c c o r d a n c e   w i t h   my  c o -  

p e n d i n g   U n i t e d   S t a t e s   A p p l i c a t i o n   S e r i a l   No.  1 7 7 9 1 9 ,  

C a n a d i a n   P a t e n t   S e r i a l   No.  358404  and  E u r o p e a n   P a t e n t  

A p p l i c a t i o n   No.  8 0 . 3 0 2 8 1 8 . 2 ,   i n t e n d e d   to  be  p u b l i s h e d  

u n d e r   No.  0 0 2 4 3 7 6 .  

I t   is  o f t e n   the   c a s e   w i t h   d o m e s t i c   or  s m a l l  

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

the   a p p a r a t u s   s t i l l   c o n t a i n s   a  c e r t a i n   amoun t   o f  

r e c o v e r a b l e   h e a t   and  the  a p p a r a t u s   of  t h i s   i n v e n t i o n   c a n  

be  e m p l o y e d   for   r e c o v e r i n g   f u r t h e r   h e a t   from  the   f l u e   g a s  

and  t h e r e b y   i n c r e a s i n g   the  o v e r a l l   h e a t i n g   e f f i c i e n c y .  

The  a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n   s e r v e s   to  t r a n s f e r  

h e a t   from  the  f l u e   gas  to  a  f l u i d   medium  and  t h i s   f l u i d  



medium  w i l l   g e n e r a l l y   be  t he   same  as  t h a t   wh ich   is   h e a t e d  

in  the   main   h e a t i n g   a p p a r a t u s ;   i f   so  the   h e a t e d   f l u i d  

medium  w h i c h   f l o w s   ou t   f rom  the   h e a t   e x c h a n g e   a p p a r a t u s  

of  t h i s   i n v e n t i o n   p a s s e s   on  to  the   main  h e a t i n g   a p p a r a t u s  

w h e r e   i t   is  h e a t e d   f u r t h e r .  

One  p r o b l e m   w h i c h   can  a r i s e   w i t h   h e a t   e x c h a n g e  

a p p a r a t u s   of  the   t y p e   i n d i c a t e d   is  t h a t   i f   an  o v e r a l l  

e f f i c i e n c y   of  much  ove r   80%  is   a c h i e v e d   the  f l u e   g a s e s  

a r e   c o o l e d   a l m o s t   to  the   dew  p o i n t .   The  c o m b u s t i o n  

p r o d u c t s   of  o i l   and  n a t u r a l   gas   i n c l u d e   a  l o t   of  s t e a m  

and  such   c o o l i n g   e n t a i l s   a  r i s k   of  c o n d e n s a t i o n   f o r m i n g .  

T h i s   can  form  in  the   h e a t   e x c h a n g e   a p p a r a t u s   or  in  t h e  

c h i m n e y   e s p e c i a l l y   d u r i n g   s t a r t i n g   up  from  c o l d .   T h e  

a m o u n t   of  t h i s   c o n d e n s a t i o n   can  be  s u b s t a n t i a l .   I t   c a n  

have   a  d a m a g i n g   e f f e c t   on  the   s t r u c t u r e   of  the   c h i m n e y   a s  

w e l l   as  o t h e r   p r o b l e m s ,   and  can  l e a d   to  c o r r o s i o n   of  t h e  

b o i l e r ,   t h u s   s h o r t e n i n g   i t s   l i f e .   H i t h e r t o   i t   h a s  

f r e q u e n t l y   been   c o n s i d e r e d   n e c e s s a r y   to  keep   t h e  

t e m p e r a t u r e   above   the   dew  p a i n t   t h r o u g h o u t   t he   s y s t e m ,  

w h i c h   e n t a i l s   s u b s t a n t i a l   w a s t e   of  h e a t .  

The  p r o b l e m   is  e x a c e r b a t e d   in  the   c a s e   of  f u e l   w i t h  

a  s u b s t a n t i a l   s u l p h u r   c o n t e n t .   Oi l   f r e q u e n t l y   d o e s   h a v e  

a  s u b s t a n t i a l   s u l p h u r   c o n t e n t .   The  c o n d e n s a t i o n   t e n d s   t o  

a b s o r b   s u l p h u r - c o n t a i n i n g   c o m b u s t i o n   p r o d u c t s   e m a n a t i n g  

f rom  any  s u l p h u r   c o n t e n t   of  the   f u e l   and  c o r r o s i v e  



s u l p h u r   a c i d s   can  be  f o r m e d .   I t   w i l l   be  r e a d i l y  

a p p r e c i a t e d   t h a t   the   p r e s e n c e   of  such  c o r r o s i v e   a c i d s   o n  

c a s t   i r o n   or  w e l d e d   s t e e l   p a r t s   can  g r e a t l y   r e d u c e   t h e  

w o r k i n g   l i f e   of  the   e q u i p m e n t .   Even  s t a i n l e s s   s t e e l   i s  

no t   r e s i s t a n t   to  t h e s e   a c i d s .   A t t e n t i o n   does   not   a p p e a r  

to  have   been  p a i d ,   h e r e t o f o r e ,   to  the   p r o b l e m   of  a c i d  

c o n d e n s a t i o n   f rom  f l u e   g a s .  

One  o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   h e a t  

e x c h a n g e   a p p a r a t u s   for   w i t h d r a w i n g   h e a t   from  f l u e   g a s e s  

w h i c h   w i l l   e n a b l e   an  i m p r o v e m e n t   in  o v e r a l l   e f f i c i e n c y ,  

fo r   e x a m p l e   to  9 0 - 9 5 % ,   to  be  o b t a i n e d   w i t h o u t   u n d u e  

d i f f i c u l t y   b e i n g   c a u s e d   by  c o n d e n s a t i o n .   B r o a d l y   t h e  

i n v e n t i o n   a c h i e v e s   t h i s   by  p r o v i d i n g   fo r   d r a i n a g e   o f  

c o n d e n s a t i o n   out  of  the  h e a t   e x c h a n g e   a p p a r a t u s   in  a n  

a c c e p t a b l e   m a n n e r .   P r e f e r a b l y   c o n d e n s a t i o n   f o r m i n g   on  

any  c o o l e d   p a r t   of  the   a p p a r a t u s ,   or  d r i p p i n g   back  f r o m  

the   c h i m n e y ,   is  i n t e r c e p t e d   and  d r a i n e d   o u t ,   so  t h a t   n o n e  

of  the   c o n d e n s a t i o n   r e t u r n s   to  the  b o i l e r .  

A n o t h e r   p r o b l e m   which   can  a r i s e   w i th   h e a t i n g  

a p p a r a t u s   in  which   f u e l   is  b u r n t   is  t h a t   f l y   a s h  

p a r t i c l e s ,   i . e .   p a r t i c l e s   of  s o l i d   m a t e r i a l   e n t r a i n e d   i n  

the   f l u e   g a s ,   can  a c c u m u l a t e   and  t end   to  b l o c k   t h e  

c h i m n e y ,   p a r t i c u l a r l y   at  i t s   ba se   or  at  a  p o i n t   in  t h e  

c h i m n e y   at  which  t h e r e   is  a  c h a n g e   in  the   d i r e c t i o n   o f  

f l o w .   Such  f l y   ash  can  cake   i n t o   ha rd   m a t e r i a l   in  t h e  



p r e s e n c e   of  the   c o n d e n s a t i o n   r e f e r r e d   to  a b o v e .   In  o n e  

of   i t s   f o r m s   the   p r e s e n t   i n v e n t i o n   s e e k s   to  o v e r c o m e   t h i s  

p r o b l e m   by  i n d u c i n g   the  d e p o s i t i o n   of  e n t r a i n e d   s o l i d  

p a r t i c l e s   w i t h i n   the  h e a t   e x c h a n g e   a p p a r a t u s ' a n d   m o r e o v e r  

a t   a  p l a c e   w h e r e   t h i s   d e p o s i t i o n   can  be  t o l e r a t e d   a n d  

f rom  w h i c h   the   d e p o s i t e d   p a r t i c l e s   can  r e a s o n a b l y   e a s i l y  

be  r e m o v e d .   D e p o s i t i o n   is  i n d u c e d   by  c o n s t r a i n i n g   t h e  

f l u e   gas   to  r e v e r s e   i t s   d i r e c t i o n   from  d o w n w a r d l y   t o  

u p w a r d l y ,   p r e f e r a b l y   a c c o m p a n i e d   by  an  i n c r e a s e   in  t h e  

c r o s s   s e c t i o n a l   a r e a   a v a i l a b l e   for   f l o w .  

A  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e  

h e a t   e x c h a n g e   a p p a r a t u s   of  the   t y p e   s p e c i f i e d   which   w i l l  

be  r e s i s t a n t   to  the   c o r r o s i v e   e f f e c t s   of  s u l p h u r   a c i d s  

c o n t a i n e d   in  any  c o n d e n s a t i o n .  

To  t h i s   end  the  i n v e n t i o n   p r o v i d e s   h e a t   e x c h a n g e  

a p p a r a t u s   h a v i n g   s u r f a c e s   wh ich   a r e   to  be  e x p o s e d   to  f l u e  

g a s e s   c o a t e d   w i t h   a  t h e r m o s e t t i n g   s y n t h e t i c   r e s i n  

r e s i s t a n t   to  the   h e a t   of  the   f l u e   g a s .   P r e f e r a b l y   t h e  

r e s i n   is   a p p l i e d   by  a  d ip   c o a t i n g   p r o c e s s   and  m o r e  

p r e f e r a b l y   i t   is  an  epoxy   r e s i n   p a i n t   a p p l i e d   by  d i p  

c o a t i n g   and  c u r e d   by  h e a t i n g .  

The  e c o n o m i s e r   can  be  m o u n t e d ,   for   e x a m p l e   on  a 

w a l l ,   a b o v e   an  e x i s t i n g   b o i l e r   or  o t h e r   f u e l   b u r n i n g  

h e a t i n g   a p p a r a t u s .   A l t e r n a t i v e l y ,   where   the   e c o n o m i s e r  

and  f u e l   b u r n i n g   a p p a r a t u s   a re   b e i n g   d e s i g n e d   to  g o  



t o g e t h e r ,   t h e y   can  be  made  to  form  a  s i n g l e   u n i t   w i t h   t h e  

e c o n o m i s e r   m o u n t e d   above   and  s u p p o r t e d   by  the   f u e l -  

b u r n i n g   a p p a r a t u s .  

An  e x a m p l e   of  h e a t   e x c h a n g e   a p p a r a t u s   (to  b e  

r e f e r r e d   to  as  an  " e c o n o m i s e r " )   e m b o d y i n g   t h i s   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h :  

F i g .   1  is  a  p e r s p e c t i v e   v iew  of  the  e c o n o m i s e r  

s h o w i n g   i t s   m o u n t i n g   as  a  common  u n i t   w i t h   f u e l - b u r n i n g  

h e a t i n g   a p p a r a t u s ,   a n d  

F i g .   2  is   a  s e c t i o n   t h r o u g h   the  e c o n o m i s e r   t a k e n   on  

t he   l i n e   I I - I I   of  F i g .   1 .  

R e f e r r i n g   to  the   d r a w i n g s ,   the   e c o n o m i s e r  . 8   ( i . e .  

h e a t   e x c h a n g e   a p p a r a t u s )   b r o a d l y   c o m p r i s e s   a  c a s i n g   10 

t h r o u g h   which  f l u e   gas  p a s s e s   and  w i t h i n   which   t h e r e   a r e  

h e a t   e x c h a n g e   v e s s e l s   1 2 , 1 4 , 1 6   which   in  use  are   f i l l e d  

w i t h   w a t e r   to  be  h e a t e d   and  which   are   e x p o s e d   to  the  f l u e  

g a s .   If   d e s i r e d   t h e s e   v e s s e l s   1 2 , 1 4 , 1 6   c o u l d   be  p r o v i d e d  

w i t h   m e t a l   f i n s   or  c o u l d   be  c o r r u g a t e d   to  e n h a n c e   t h e i r  

h e a t   e x c h a n g e   e f f i c i e n c y .  

The  c a s i n g   10  is  c o n t a i n e d   w i t h i n   an  o u t e r   c a s i n g  

18,   whose  f r o n t   f a c e   is  d e s i g n a t e d   19.  The  s p a c e   b e t w e e n  

t he   two  c a s i n g s   is  p a c k e d   wi th   t h e r m a l   i n s u l a t i o n   such  a s  

g l a s s   wool  2 0 .  

As  shown  by  F i g .   1,  the   e c o n o m i s e r   8  is  m o u n t e d  



a b o v e   an  o i l - f i r e d   w a t e r - h e a t i n g   b o i l e r   22  w h i c h   i s  

g e n e r a l l y   as  d e s c r i b e d   in  my  c o - p e n d i n g   a p p l i c a t i o n s  

r e f e r r e d   to  p r e v i o u s l y .   The  two  p i e c e s   of  a p p a r a t u s   a r e  

c o n s t r u c t e d   as  a  s i n g l e   u n i t   w i t h   t he   w e i g h t   of  t h e  

e c o n o m i s e r   t a k e n   by  t h e   b o i l e r   22  b e n e a t h .   I t   w i l l   b e  

s e e n   t h a t   t he   s i d e s   of  the   o u t e r   c a s i n g   18  of  t h e  

e c o n o m i s e r   l i e   f l u s h   w i t h   the  s i d e s   26  of  the   o u t e r  

c a s i n g   of  the   b o i l e r .  

W i t h i n   the   b o i l e r   22  o i l   is  b u r n t   as  f u e l   ( a l t h o u g h  

g a s   c o u l d   be  used   as  f u e l )   and  the   ho t   f l u e   g a s e s  

p r o d u c e d   r i s e   up  t h r o u g h   an  a r r a y   of  t u b e s   30  e x t e n d i n g  

t h r o u g h   a  t a n k   32  c o n t a i n i n g   w a t e r   to  be  h e a t e d .   T h e  

f l u e   g a s e s   t h e n   c o l l e c t   in  an  uppe r   m a n i f o l d   34  and  l e a v e  

by  an  e x i t   35  wh ich   e x t e n d s   a c r o s s   s u b s t a n t i a l l y   t he   f u l l  

w i d t h   of  the   b o i l e r   22  b e t w e e n   the   l a y e r   of  h e a t  

i n s u l a t i o n   wh ich   the   b o i l e r   has  at   e ach   s i d e .   From  t h e  

e x i t   35  a  d u c t   36,  wh ich   a l s o   e x t e n d s   a c r o s s  

s u b s t a n t i a l l y   t he   f u l l   w i d t h   of  the   b o i l e r ,   c a r r i e s   t h e  

f l u e   gas   up  to  the   i n l e t   38  to  the  c a s i n g   10.  The  d u c t  

36  i s   f o r m e d   by  an  e x t e n s i o n   of  the   c a s i n g   10  and  i t   i s  

c o n t a i n e d   w i t h i n   an  o u t e r   c a s i n g   39  i n t e g r a l   w i t h   t h e  

c a s i n g   18.  Hea t   i n s u l a t i o n   20  is  p r o v i d e d   b e t w e e n   t h e  

d u c t   36  and  t h i s   o u t e r   c a s i n g   at  the   f r o n t   and  r e a r   ( a s  

shown  by  F i g .   2)  and  a l s o   at  each   s i d e .   The  i n l e t   38  t o  

t he   c a s i n g   10  e x t e n d s   a c r o s s   the   f u l l   w i d t h   of  t h a t  



c a s i n g .  

W i t h i n   the  t u b e s   30  a re   s p i r a l   m e t a l   r e t a r d e r s   ( n o t  

s h o w n ) .   The  s p a c i n g   of  the   e c o n o m i s e r   8  above   the   b o i l e r  

22,   t o g e t h e r   w i t h   a  f o r w a r d   t i l t   to  the  r e a r m o s t   t u b e s   30 

a l l o w s   t h e s e   r e t a r d e r s   to  be  p u l l e d   out   for   c l e a n i n g .  

As  shown  by  F i g .   2,  w i t h i n   the  c a s i n g   10  the   f l u e  

g a s e s   a re   c o n s t r a i n e d   by  b a f f l e s   40,  42  to  f low  f i r s t  

u p w a r d l y   over   t he   r e a r   s u r f a c e   44  of  the  h e a t   e x c h a n g e  

v e s s e l   12  t h e n   d o w n w a r d l y   over   the  f a c i n g   s u r f a c e s   of  t h e  

v e s s e l s   12  and  14  and  t h e r e a f t e r   round  and  up  over   t h e  

f r o n t   s u r f a c e   46  of  the   v e s s e l   14  and  bo th   s u r f a c e s   o f  

the   v e s s e l   16.  The  f l u e   g a s e s   f i n a l l y   f low  out   of  t h e  

c a s i n g   10  t h r o u g h   an  uppe r   o u t l e t   4 8 .  

Both  the  main   b o i l e r   22  and  the  e c o n o m i s e r   8  a r e  

e m p l o y e d   to  h e a t   w a t e r ,   for   a  c e n t r a l   h e a t i n g   s y s t e m   f o r  

i n s t a n c e .   T h i s   w a t e r   f l o w s   f i r s t   t h r o u g h   the  v e s s e l s   i n  

the   e c o n o m i s e r   8  g e n e r a l l y   in  c o u n t e r c u r r e n t   to  the  f l u e  

gas   and  t hen   i n t o   the   t a n k   34  of  the  b o i l e r   22.  In  m o r e  

d e t a i l ,   the   co ld   r e t u r n   of  w a t e r   from  the  c e n t r a l   h e a t i n g  

s y s t e m   is  c o n n e c t e d   so  as  to  f low  i n t o   the  h e a t   e x c h a n g e  

v e s s e l   16  t h r o u g h   i t s   i n l e t   50  (F ig .   1 ) .   Water   l e a v e s  

t h i s   v e s s e l   t h r o u g h   an  upper   o u t l e t   h o l e   52  and  i s  

c a r r i e d   by  d u c t   66  to  an  i n l e t   ho l e   54  of  the   v e s s e l   1 4 .  

The  w a t e r   f l o w s   ou t   of  v e s s e l   14  t h r o u g h   a  h o l e   56  i n t o  

d u c t   68  l e a d i n g   to  an  u p p e r   i n l e t   ho l e   58  of  the   v e s s e l  



12  w h i c h   has   a  l o w e r ,   o u t l e t   h o l e   60  c o n n e c t e d   by  a  p i p e  

62  to  an  i n l e t   64  of  the   t a n k   34.  An  o u t l e t ,   not   s h o w n ,  

f rom  the   t a n k   34  p r o v i d e s   the  ho t   f l ow  to  the   c e n t r a l  

h e a t i n g   s y s t e m .   , 

The  d u c t s   66,  68  a r e   c u b o i d a l   b o x e s   w e l d e d   to  t h e  

s i d e   w a l l   of  the   c a s i n g   10.  Each  of  t h e s e   b o x e s   is  o p e n  

on  i t s   s i d e   w e l d e d   a g a i n s t   t he   w a l l   of  the   c a s i n g ,   w h i c h  

t h u s   c l o s e s   the   b o x e s   to  form  d u c t s   b e t w e e n   the   h o l e s   54 

and  56  and  b e t w e e n   the  h o l e s   58  and  6 0 .  

In  o r d e r   to  a l l o w   v e n t i n g   of  a i r   when  the   a p p a r a t u s  

is   i n i t i a l l y   f i l l e d ,   a  s m a l l   t u b e   70  is   p r o v i d e d  

c o n n e c t i n g   the   d u c t s   66  and  68  and  on  the   o u t e r   s i d e   o f  

t he   d u c t   66  a  s m a l l   b l e e d   v a l v e ,   of  the   t ype   used   f o r  

c e n t r a l   h e a t i n g   r a d i a t o r s ,   is  p r o v i d e d   t h r o u g h   which   a i r  

t r a p p e d   in  the   a p p a r a t u s   can  be  v e n t e d .  

Each  of  the   v e s s e l s ,   1 2 , 1 4 , 1 6   is   c o n s t r u c t e d   f r o m  

two  p i e c e s   of  s h e e t   s t e e l   which   a re   b e n t   i n t o   an  L  s h a p e  

( s e e   F i g .   2)  and  the   two  p i e c e s   t h e n   j o i n e d   by  w e l d s   74 

to  fo rm  a  h o l l o w   box  s e c t i o n .   T h i s   box  s e c t i o n   is  t h e n  

w e l d e d   a t   each   end  to  a  p l a t e   76  f o r m i n g   a  p a r t   of  a 

s i d e w a l l   of  the   c a s i n g   10.  When  the   e c o n o m i s e r   i s  

a s s e m b l e d   the   t h r e e   p l a t e s   76  a t   each   s i d e   b u t t   edge  t o  

edge   and  a r e   w e l d e d   t o g e t h e r   a t   the   b u t t   j o i n s   7 8 .  

S u f f i c i e n t   g a s - t i g h t n e s s   is  a c h i e v e d   w i t h o u t   w e l d i n g   down 

t h e   f u l l   l e n g t h   of  each   b u t t   j o i n   78  bu t   w e l d i n g   must   b e  



p r o v i d e d   where   the   d u c t s   66 ,68   c r o s s   b u t t   j o i n s ,   in  o r d e r  

to  a c h i e v e   w a t e r - t i g h t n e s s .  

The  hot  f l u e   g a s e s   coming  i n t o   the  e c o n o m i s e r   8  f r o m  

the   b o i l e r   22  y i e l d   up  a  l a r g e   p r o p o r t i o n   of  t h e i r   h e a t  

to  the  i n c o m i n g   r e t u r n   w a t e r   f l o w i n g   t h r o u g h   the   v e s s e l s  

1 2 , 1 4 , 1 6   and  wh ich   is  c o n s e q u e n t l y   warmed  by  7 - 1 0  F   ( 4 -  

60c)  b e f o r e   r e t u r n i n g   to  the  b o i l e r   22  i t s e l f .   The  u n i t  

f o r m e d   by  the  b o i l e r   22  and  the   e c o n o m i s e r   8  can  a c h i e v e  

an  o v e r a l l   w a t e r   h e a t i n g   e f f i c i e n c y   of  a r o u n d   9 0 - 9 5 % .  

T h i s   c o o l s   the   f l u e   g a s e s   s u f f i c i e n t l y   t h a t   c o n d e n s a t i o n  

can  o c c u r   w i t h i n   the   e c o n o m i s e r   (where   i t   i n i t i a l l y   f o r m s  

on  the  v e s s e l s   1 2 , 1 4 , 1 6 )   and  a l s o   w i t h i n   the   c h i m n e y   i n t o  

wh ich   the  f l u e   gas  from  the   o u t l e t   48  p a s s e s .   Any 

c o n d e n s a t i o n   wh ich   fo rms   on  the   f r o n t   s u r f a c e   of  t h e  

r e a r m o s t   h e a t   e x c h a n g e   v e s s e l   12,  or  on  the  v e s s e l s   14  o r  

16,  or  any  which   d r i p s   back  i n t o   the  c a s i n g   10  from  t h e  

c h i m n e y   w i l l   f a l l   on to   the  b o t t o m   s u r f a c e   80  of  t h e  

c a s i n g   10.  Also   the  b a f f l e   42  i s   s h a p e d   so  t h a t   a n y  

c o n d e n s a t i o n   r u n n i n g   down  the   r e a r   s u r f a c e   of  the  h e a t  

e x c h a n g e   v e s s e l   12  w i l l   be  d i v e r t e d   t h r o u g h   the  s m a l l   g a p  

82  b e t w e e n   the  v e s s e l   12  and  the   b a f f l e ,   r a t h e r   t h a n  

d r i p p i n g   back  i n t o   the  b o i l e r .   The  r e d u c t i o n   i n  

e f f i c i e n c y   c a u s e d   by  gas  l e a k a g e   t h r o u g h   t h i s   a p e r t u r e   82 

is  s u f f i c i e n t l y   s m a l l   as  to  be  a c c e p t a b l e .  

The  b o t t o m   s u r f a c e   80  of  the   c a s i n g   10  is  i n c l i n e d  



so  t h a t   c o n d e n s a t i o n   f a l l i n g   o n t o   i t   d r a i n s   r e a r w a r d l y ,  

and  f l o w s   out   t h r o u g h   an  o u t l e t   a p e r t u r e   84  from  which   a 

d u c t   86  l e a d s   f i r s t   d o w n w a r d l y   and  t h e n   s i d e w a y s  

( b a c k w a r d s   f rom  the   p l a n e   of  the   p a p e r   as  s een   in  F ig .   2) 

l e a d i n g   ou t   t h r o u g h   the   s i d e   of  the   e c o n o m i s e r .   A 

f l e x i b l e   p l a s t i c   t u b e   88  is   c o n n e c t e d   o n t o   the   d u c t   86 

and  t h i s   is  used   to  c a r r y   any  c o n d e n s a t i o n   away  to  some  

c o n v e n i e n t   d r a i n .   The  p o s i t i o n   of  the   e c o n o m i s e r   8  a b o v e  

t h e   b o i l e r   22  g i v e s   some  h y d r o s t a t i c   h e a d ,   and  e n a b l e s  

t h e   t u b e   88  to  be  run  a l o n g   a  w a l l   for   some  d i s t a n c e   i f  

t h i s   is  r e q u i r e d   in  o r d e r   to  r e a c h   a  d r a i n .   A  g u a r d   8 9 ,  

to   be  f u r t h e r   m e n t i o n e d   b e l o w ,   p a r t i a l l y   s u r r o u n d s   t h e  

o u t l e t   8 4 .  

The  e c o n o m i s e r   8  a l s o   has  p r o v i s i o n   for   c a u s i n g   t h e  

d e p o s i t i o n   of  f l y   ash  at  a  p o i n t   from  which   i t   can  b e  

r e m o v e d   r e a s o n a b l y   e a s i l y .   The  v e s s e l s   12  and  14  t o g e t h e r  

w i t h   t he   b a f f l e s   4 0 , 4 2   c o n s t r a i n   the  f l u e   gas  to  r e v e r s e  

i t s   d i r e c t i o n ,   as  i n d i c a t e d   by  a r r o w   90,  f rom  d o w n w a r d l y  

to  u p w a r d l y   b e n e a t h   the   v e s s e l s   1 4 , 1 6 .   The  r e v e r s a l   o f  

d i r e c t i o n   i n d u c e s   d e p o s i t i o n   of  any  f l y   ash  from  the   f l u e  

gas   s t r e a m .   M o r e o v e r ,   the   l a r g e   v o i d   s p a c e   at   t h i s   p o i n t  

m e a n s   t h a t   the   c r o s s   s e c t i o n   a v a i l a b l e   for   f l ow  of  t h e  

f l u e   gas  i n c r e a s e s   r a p i d l y   as  the  gas  d e b o u c h e s   from  t h e  

p a s s a g e   b e t w e e n   the  v e s s e l s   12  and  14,  so  c a u s i n g   t h e  

s p e e d   of  f l ow  to  r e d u c e .   T h i s   s l o w i n g   f u r t h e r   i n d u c e s  



d e p o s i t i o n   of  any  e n t r a i n e d   f l y   a s h .  

In  the  f r o n t   f a c e   19  of  the  e c o n o m i s e r   an  a c c e s s  

door   92  is  p r o v i d e d   e n a b l i n g   r e m o v a l   of  any  f l y   ash  w h i c h  

has   a c c u m u l a t e d   in  the  v o i d   s p a c e   b e n e a t h   the  v e s s e l s  

1 4 , 1 6   (where   the  s p a c e   a v a i l a b l e   is  such  t h a t   some  b u i l d  

up  of  ash  is  t o l e r a b l e .   P r o v i s i o n   for   p r o m o t i n g  

d e p o s i t i o n   of  f l y   ash  at  a  p l a c e   from  which   i t   can  b e  

r e m o v e d   o b v i a t e s   the  f o r m a t i o n   of  b l o c k a g e s   e l s e w h e r e .  

When  the  ash  is  r emoved   the   s u r f a c e s   of  the   v e s s e l s  

1 2 , 1 4 , 1 6   can  be  l i g h t l y   b r u s h e d   to  m a i n t a i n   t h e i r   h e a t  

e x c h a n g e   e f f i c i e n c y .  

In  o r d e r   l a r g e l y   to  p r e v e n t   f l y   ash  from  e n t e r i n g  

the   c o n d e n s a t i o n   d r a i n a g e   o u t l e t   84,  a  g u a r d   89  is  p l a c e d  

a r o u n d   t h i s .   I t   c o n s i s t s   of  a  s m a l l   m e t a l   s t r i p   b e n t  

i n t o   a  U - s h a p e   and  p o s i t i o n e d   a r o u n d   the  o u t l e t   84  s o  

t h a t   the  o p e n i n g   b e t w e e n   the   arms  of  the  U  i s   at  t h e  

r e a r .   One  arm  o n l y   of  the   U - s h a p e   can  be  seen   in  F i g .   2 .  

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

o u t l e t   84,  but   have  a  s e r r a t e d   b o t t o m   edge  s t a n d i n g   on  

the   b o t t o m   s u r f a c e   of  the  c a s i n g   10.  C o n d e n s a t e   w o u l d  

p a s s   b e t w e e n   the  s e r r a t i o n s   but   t h e s e   would  ac t   as  a 

c o a r s e   f i l t e r ,   h o l d i n g   back  the  f l y   a s h .  

The  p a r t s   of  the   e c o n o m i s e r   are  made  of  mi ld   s t e e l  

p l a t e .   In  o r d e r   to  p r o t e c t   the  p a r t s   which   are   e x p o s e d  

to  the  s u l p h u r   a c i d s   c o n t a i n e d   in  any  c o n d e n s a t i o n   w h i c h  



f o r m s ,   a  t h e r m o s e t t i n g   s y n t h e t i c   r e s i n   c o a t i n g   is  a p p l i e d  

to  a l l   of  the   i n t e r i o r   s u r f a c e s   wh ich   in  use  a re   e x p o s e d  

to  f l u e   gas   The  c o a t i n g   is  p r o v i d e d   by  a p p l y i n g   a  f a i r l y  

t h i c k   f i l m   of  a  p h e n o l i c   epoxy   r e s i n   p a i n t   c u r a b l e   b y  

h e a t i n g ,   and  t h e n   b a k i n g   to  e f f e c t   the   c u r i n g   and  p r o v i d e  

a  h a r d   i m p e r m e a b l e   c o a t i n g .   The  p a i n t   is  a p p l i e d   by  d i p  

c o a t i n g   to  the  w h o l e   of  the   i n n e r   c a s i n g   10,  w i t h   t h e  

v e s s e l s   1 2 , 1 4 , 1 6   and  the   d u c t s   6 6 , 6 8   in  p l a c e   and  w i t h  

t he   i n l e t   50  and  o u t l e t   60  t e m p o r a r i l y   b l o c k e d   to  c l o s e  

o f f   the   s y s t e m   of  s p a c e s   which   in  use  a re   f i l l e d   w i t h  

w a t e r .  

To  a p p l y   the   p a i n t   the   a s s e m b l e d   c a s i n g   10  i s  

s u b m e r g e d   in  a  s u i t a b l y   s h a p e d   t a n k   f i l l e d   w i t h   t h e  

p a i n t ,   so  t h a t   ( i n t e r   a l i a )   a l l   i n t e r i o r   s u r f a c e s   of  t h e  

c a s i n g   and  the   e x t e r i o r   s u r f a c e s   of  the   h e a t   e x c h a n g e r  

v e s s e l s   ( w h i c h   a re   the   s u r f a c e s   e x p o s e d   to  f l u e   g a s ,   i n  

u se )   a re   c o a t e d   by  the  p a i n t .   The  c a s i n g   is  t h e n   l i f t e d  

o u t   and  s u r p l u s   p a i n t   a l l o w e d   to  d r a i n   back   i n t o   t h e  

t a n k .   A f t e r   i t   has   d r a i n e d   the   c a s i n g   is   s t o v e d   t o  

c u r e   the   c o a t i n g .  

The  p a i n t   can  be  a  s t o v i n g   m o d i f i e d   epoxy   p a i n t  

c o n t a i n i n g   p i g m e n t ,   p a i n t   e x t e n d e r s   ( f i n e l y   g r o u n d  

p o w d e r s   such   as  b a r y t e s   and  t a l c )   l i q u i d   s y n t h e t i c   r e s i n s  

such   as  e p o x y   a l k y d   and  m e l a m i n e - f o r m a l d e h y d e ,  

h y d r o c a r b o n   and  o t h e r   s o l v e n t   l i q u i d s   such   as  e t h y l  



c e l l o s o l v e   ( 2 - e t h o x y e t h a n - l - o l )  

An  e p o x y  p h e n o l i c   ename l   p a i n t   has  been  s u c c e s s f u l l y  

u s e d .   I t   was  a  p a i n t   s u p p l i e d   by  P i n c h i n   J o h n s o n   P a i n t s  

P a c k a g i n g   and  C o i l   C o a t i n g   D i v i s i o n ,   L o n d o n ,   E n g l a n d  

u n d e r   t h e i r   d e s i g n a t i o n   PJ  2088.   T h i s   p a i n t   has  h i t h e r t o  

been   used  for   c o a t i n g   s t e e l   d r u m s ,   an  a p p l i c a t i o n   w h e r e  

i t   is  n o t ,   of  c o u r s e ,   s u b j e c t   to  h e a t   in  u s e .   As  

s u p p l i e d   i t   c o n t a i n e d   40-44%  s o l i d s   by  w e i g h t .   F o r  

a p p l i c a t i o n   i t   was  d i l u t e d   by  a d d i n g   t h i n n e r   from  t h e  

same  m a n u f a c t u r e r ,   s u p p l i e d   unde r   t h e i r   d e s i g n a t i o n  

number  0000  5  1059 .   The  t h i n n e r   c o m p r i s e s   e t h y l  

c e l l o s o l v e   b l e n d e d   wi th   low  b o i l i n g   n a p t h a .   About   4  to  5 

l i t r e s   of  t h i s   were  added  to  100  l i t r e s   of  the  p a i n t .  

T h i s   d i l u t i o n   gave  a  c r e a m y   c o n s i s t e n c y   s l i g h t l y   m o r e  

v i s c o u s   than   d o m e s t i c   g l o s s   p a i n t .   A f t e r   d i p p i n g   t h e  

c a s i n g ,   s u r p l u s   p a i n t   was  a l l o w e d   to  d r a i n   back  i n t o   t h e  

t a n k   at  room  t e m p e r a t u r e   fo r   a p p r o x i m a t e l y   30  m i n u t e s .  

A f t e r   i t   had  d r a i n e d   the  c a s i n g   was  s t o v e d   at  4 0 3 ° F  

(206oC)  for   7  m i n u t e s   to  cu r e   the  c o a t i n g .   The  p a i n t  

f i l m   which   r e m a i n e d   a f t e r   the  c a s i n g   had  been  a l l o w e d   t o  

d r a i n   was  r a t h e r   t h i c k   and  gave  an  e v e n t u a l   baked  c o a t  

a b o u t   0 . 0 0 2   i nch   (50  m i c r o n s )   t h i c k .   Only  a  s i n g l e   c o a t  

would  n o r m a l l y   be  a p p l i e d   but  i f   a p p r o p r i a t e   to  m e e t  

e x t r e m e l y   d i f f i c u l t   c o n d i t i o n s   a  f u r t h e r   c o a t   c o u l d   be  

a p p l i e d .   Th i s   would  be  put   on  a f t e r   the  f i r s t   coa t   h a d  



been   baked   and  the  c a s i n g   a l l o w e d   to  coo l   back  to  r o o m  

t e m p e r a t u r e .   I t   would   be  a p p l i e d   by  d ip   c o a t i n g   a s  

a b o v e ,   w i t h   s t o v i n g   at  the   same  t e m p e r a t u r e '   but   for   15  

m i n u t e s .  



1.  H e a t   e x c h a n g e   a p p a r a t u s   f o r   t r a n s f e r r i n g   h e a t  

f rom  f l u e   g a s e s   to  a  f l u i d   medium  c o m p r i s i n g   a  c a s i n g  

(10)   h a v i n g   an  i n l e t   (38)   t h e r e t o   and  an  o u t l e t   ( 4 8 )  

t h e r e f r o m   f o r   f l u e   gas  and  h e a t   e x c h a n g e   m e a n s  ( 1 2 , 1 4 , 1 6 )  

w i t h i n   t h e   c a s i n g   d e f i n i n g   one  or  more  s p a c e s   f o r   t h e  

p a s s a g e   of  a  f l u i d   medium,   the   h e a t   e x c h a n g e   m e a n s  

h a v i n g   s u r f a c e s   e x p o s e d   to  t h e   f l u e   gas  f o r   t h e   t r a n s f e r  

of  h e a t   f rom  t he   gas  to  t he   s a i d   f l u i d   medium,   t h e  

l o w e r   p a r t   (80)   of  the   c a s i n g   h a v i n g   a t   l e a s t   o n e  

d r a i n a g e   o u t l e t   (84)   f o r   any  m o i s t u r e   w h i c h   may  c o n d e n s e  

o u t   w i t h i n   t he   c a s i n g ,   and  b e i n g   s h a p e d   so  t h a t   s u c h  

m o i s t u r e   w i l l   d r a i n   to  t he   or  a  s a i d   o u t l e t   ( 8 4 ) .  

2.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   1,  w h e r e i n  

c o n d e n s a t i o n   d r a i n i n g   o f f   any  s u r f a c e   of  t he   s a i d   h e a t  

e x c h a n g e   means   ( 1 2 , 1 4 , 1 6 )   w i l l   d r a i n   to  the   or  a  d r a i n a g e  

o u t l e t   ( 8 4 ) .  

3.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   1,  or  C l a i m   2 ,  

w h e r e i n   t h e   f l u e   gas  o u t l e t   (48)   i s   p o s i t i o n e d   so  t h a t  

any  c o n d e n s a t i o n   d r a i n i n g   back   t h r o u g h   i t   i n t o   t h e  

c a s i n g   w i l l   d r a i n   to  t he   or  a  d r a i n a g e   o u t l e t   ( 8 4 ) .  

4.  H e a t   e x c h a n g e   a p p a r a t u s   f o r   t r a n s f e r r i n g   h e a t  

f rom  f l u e   g a s e s   to  a  f l u i d   medium  c o m p r i s i n g   a  c a s i n g  

(10)   h a v i n g   an  i n l e t   (38)   t h e r e t o   and  an  o u t l e t   ( 4 8 )  

t h e r e f r o m   f o r   f l u e   gas  and  h e a t   e x c h a n g e   means   ( 1 2 , 1 4 , 1 6 )  

w i t h i n   t he   c a s i n g   d e f i n i n g   one  or  more  s p a c e s   f o r   t h e  

p a s s a g e   of  a  f l u i d   medium,   the   h e a t   e x c h a n g e   means  h a v i n g  

s u r f a c e s   e x p o s e d   to  the   f l u e   gas  f o r   the   t r a n s f e r   of  h e a t  



f r o m   t h e   gas   to   t h e   s a i d   f l u i d   m e d i u m , , t h e   h e a t   e x c h a n g e  

means   ( 1 2 , 1 4 , 1 6 )   a n d / o r   one  or   more  b a f f l e s   ( 4 0 , 4 2 )   b e i n g  

a r r a n g e d   w i t h i n   t h e   c a s i n g   (10)   so  as  to  c o n s t r a i n   t h e  

f l u e   gas   to   r e v e r s e   i t s   d i r e c t i o n   of  f l o w   f rom  d o w n w a r d l y  

to  u p w a r d l y ,   t h e r e b y   to  i n d u c e   d e p o s i t i o n   of  any  s o l i d  

p a r t i c l e s   e n t r a i n e d   in   t h e   f l u e   gas   as  i t   r e v e r s e s   i t s  

d i r e c t i o n ;  

t h e   c a s i n g   i n c l u d i n g   a  c l o s a b l e   a p e r t u r e   ( 9 2 )  

e n a b l i n g   p e r i o d i c   r e m o v a l   of  s o l i d   m a t e r i a l   d e p o s i t e d  

f rom  f l u e   gas   in   t h e   r e g i o n   of  t he   r e v e r s a l   of  d i r e c t i o n .  

5.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   4,  w h e r e i n   t h e  

c r o s s   s e c t i o n   a v a i l a b l e   f o r   f l o w   of  f l u e   gas  i n c r e a s e s  

a t   t h e   r e g i o n   of  t h e   r e v e r s a l   of  f l o w ,   i n d u c i n g   a  

r e t a r d a t i o n   of  t h e   s p e e d   of  f l o w   and  f u r t h e r   i n d u c i n g  

d e p o s i t i o n   of  e n t r a i n e d   p a r t i c l e s .  

6.  H e a t   e x c h a n g e   a p p a r a t u s   f o r   t r a n s f e r r i n g   h e a t  

f r o m   f l u e   g a s e s   to  a  f l u i d   medium  c o m p r i s i n g   a  c a s i n g  

(10 )   h a v i n g   an  i n l e t   (38)   t h e r e t o   and  an  o u t l e t   ( 4 8 )  

t h e r e f r o m   f o r   f l u e   gas  and  h e a t   e x c h a n g e   means   ( 1 2 , 1 4 , 1 6 )  

w i t h i n   t h e   c a s i n g   d e f i n i n g   one  or  more  s p a c e s   f o r   t h e  

p a s s a g e   of  a  f l u i d   med ium,   t he   h e a t   e x c h a n g e   means   h a v i n g  

s u r f a c e s   e x p o s e d   to  t he   f l u e   gas   f o r   t he   t r a n s f e r   o f  

h e a t   f rom  t h e   gas   to  t h e   s a i d   f l u i d   medium,   s u r f a c e s   o f  

t h e   c a s i n g   (10 )   and  of  t h e ' h e a t   e x c h a n g e   means   ( 1 2 , 1 4 , 1 6 )  

w h i c h   a r e   e x p o s e d   to  t he   f l u e   gas  h a v i n g   a  c o a t i n g   of  a  

t h e r m o s e t t i n g   s y n t h e t i c   r e s i n .  

7.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   6,  w h e r e i n   t h e  

r e s i n   i s   an  e p o x y   p h e n o l i c   p a i n t .  



8.  A p p a r a t u s   a c c o r d i n g   to  C la im  6  or  C l a i m   7  

f o r m e d   of  m i l d   s t e e l ,   w h e r e i n   the   s t e e l   s u r f a c e s   a r e  

p h o s p h a t e d   p r i o r   to  t he   a p p l i c a t i o n   of  t he   r e s i n   t h e r e t o .  

9.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t he   h e a t   e x c h a n g e   means  c o m p r i s e s   a  

p l u r a l i t y   of  h e a t   e x c h a n g e   u n i t s   ( 1 2 , 1 4 , 1 6 )   each   d e f i n i n g  

a  s p a c e   f o r   t h e  f l u i d   medium  and  h a v i n g   s u r f a c e s   e x p o s e d  

to  t he   f l u e   g a s ,   t h e   f l u e   gas   wh ich   p a s s e s   t h r o u g h   t h e  

c a s i n g   b e i n g   c o n s t r a i n e d   to  f l o w   f i r s t   u p w a r d l y   o v e r   o n e  

s u r f a c e   of  one  h e a t   e x c h a n g e   u n i t   (12)   t h e r e a f t e r  

d o w n w a r d l y   b e t w e e n   t h a t   u n i t   (12)   and  a  s e c o n d   ( 1 4 ) ,   t h e n  

to  r e v e r s e   i t s   d i r e c t i o n   of  f l o w   f rom  d o w n w a r d l y   t o  

u p w a r d l y   and  f l o w   o v e r   a  s e c o n d   s u r f a c e   of  t he   s e c o n d  

u n i t   (14)   and  a t   l e a s t   one  s u r f a c e   of  a  t h i r d   u n i t   ( 1 6 ) ,  

t he   h e a t   e x c h a n g e   u n i t s   ( 1 2 , 1 4 , 1 6 )   b e i n g   c o n n e c t e d   t o g e t h e r ,  

so  t h a t   the   f l o w   of  f l u i d   medium  t h r o u g h   them  is   g e n e r a l l y  

c o u n t e r c u r r e n t   to  t he   f l o w   of  f l u e   g a s .  

10.  In  c o m b i n a t i o n ,   h e a t   e x c h a n g e   a p p a r a t u s   a c c o r d i n g  

to   any  one  of  t he   p r e c e d i n g   c l a i m s ,   and  f u e l   b u r n i n g   a p p a r a t u s  

( 2 2 ) ,   t h e   two  p i e c e s   of  a p p a r a t u s   b e i n g   of  s i m i l a r   w i d t h  

and  a r r a n g e d   as  a  s i n g l e   u n i t   w i t h   the   h e a t   e x c h a n g e  

a p p a r a t u s   (8)  m o u n t e d   above   and  s u p p o r t e d   by  the   f u e l -  

b u r n i n g   a p p a r a t u s   ( 2 2 ) ,   t he   f l u e   gas  p a s s i n g   t h r o u g h   a  

c o n n e c t i o n   (36)   b e t w e e n   them  w h i c h   e x t e n d s   a c r o s s   a  m a j o r  

p r o p o r t i o n   of  the   w i d t h   of  t he   a p p a r a t u s ,   and  a  h e a t e d   f l u i d  

medium  o u t l e t   (60)  f rom  the   h e a t   e x c h a n g e   a p p a r a t u s   b e i n g  

c o n n e c t e d   to  a  f l u i d   medium  i n l e t   (64)   of  the   f u e l   b u r n i n g  

a p p a r a t u s   ( 2 2 ) .  
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