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©  Water  tube  boiler. 
©  In  a  water  tube  boiler  comprising  a  housing  (20) 
enclosing  tubes  (36,38)  bent  to  form  vertical  chambers 
(40a-40e)  successively  traversed  by  rising  hot  combustion 
gases,  the  tubes  being  connected  at  the  bottom  to  a  cold 
water  manifold  (24)  and  at  the  top  to  a  steam  manifold  (26), 
the  manifolds  project  beyond  the  housing  with  a  downcomer 
outside  the  housing  connecting  the  top  of  the  lower  manifold 
and  the  lowest  part  of  the  upper  manifold,  thereby  permit- 
ting  the  boiler  to  operate  with  a  shallow  level  of  water  in  the 
upper  manifold,  speeding  up  circulation  of  water  and  its 
heating,  and  permitting  substantially  dry  steam  to  be 
discharged  from  the  upper  manifold.  The  chambers  may 
include  baffles  (46)  which  are  angled  so  that  the  hot  gas  hits 
them  at  an  angle  less  than  90c  so  as  to  be  deflected  thereby  in 
the  direction  of  its  advance,  thereby  avoiding  hot  spots. 
Advantageously  successive  chambers  from  bottom  to  top 
are  reduced  in  volume  to  make  up  for  the  reduction  in 
volume  as  the  hot  gas  cools,  thereby  keeping  the  gas  velocity 
high  and  maintaining  turbulence  which  helps  heat  exchange. 
For  efficient  fuel  utilization,  notwithstanding  fluctuations  in 
demand,  the  operator  can  monitor  the  oxygen  content  of  the 
exiting  combustion  gas  and  adjust  the  baffling  to  maintain  it 
substantially  constant. 
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T h i s   a p p l i c a t i o n   r e l a t e s   t o   i m p r o v e m e n t s   i n  

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

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

and  r i g h t   w a t e r   m a n i f o l d s .   T u b e s   c o n n e c t   t h e   l e f t  

m a n i f o l d s   and  o t h e r   t u b e s   t h e   r i g h t   m a n i f o l d s .   T h e  

t u b e s   a r e   b e n t   t o w a r d   one  a n o t h e r   to   fo rm  a  p l u r a l i t y  

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

m u s t , s u c c e s s i v e l y   f l o w ,   f rom  f r o n t   to   b a c k   i n  o n e  

c h a m b e r   and  f r o m   b a c k   to   f r o n t   w i t h i n   t h e   n e x t .  

In  U . S .   P a t e n t   4 , 3 5 5 , 6 0 2   t h e r e   i s   d e s c r i b e d   a  

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

r e l a t i v e l y   s i m p l e   and   i n e x p e n s i v e   t o   m a n u f a c t u r e   a n d  

o p e r a t e .   T h a t   b o i l e r   c o m p r i s e s   a  h o u s i n g   h a v i n g   a  t o p  

p r o v i d e d   w i t h   a  g a s   o u t l e t ,   b o t t o m ,   l e f t   and  r i g h t  

s i d e s   and  a  f r o n t   and  b a c k ,   t h e   h o u s i n g   c o n t a i n i n g   a n  

u p p e r   m a n i f o l d   and   a  l o w e r   m a n i f o l d   s u b s t a n t i a l l y  

p a r a l l e l   to   t h e   t o p ,   b o t t o m   and  s i d e   w a l l s ,   two  s e t s   o f  

t u b e s ,   e a c h   s e t   c o m p r i s i n g   a  p l u r a l i t y   of  t u b e s ,   o n e  

s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d   to   t h e   l o w e r   m a n i f o l d   o n  

t h e   l e f t   and  t h e   o t h e r   s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d  

to   t h e   l o w e r   m a n i f o l d   on  t h e   r i g h t ,   t h e   t u b e s   of  e a c h  

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

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

o p p o s i t e   s i d e   w a l l ,   r i s i n g   a d j a c e n t   t h e   o p p o s i t e   s i d e  

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

w a l l ,   r i s i n g   t h e r e a l o n g   and  e v e n t u a l l y   j o i n i n g   t h e  

u p p e r   m a n i f o l d ,   t h e   h o r i z o n t a l   r u n s   of  t h e   t u b e s   of  o n e  

s e t   b e i n g   v e r t i c a l l y   o f f s e t   r e l a t i v e   to   t h e   h o r i z o n t a l  

r u n s   of  t h e   t u b e s   of   t h e   o t h e r   s e t   so  as  to   f o rm  a  

p l u r a l i t y   of  s u p e r p o s e d   c h a m b e r s ,   i n d i v i d u a l   t u b e s   o f  
f 

t h e   s e t s   b e i n g   d i f f e r e n t l y   b e n t   so  as  to  fo rm  a c c e s s  

o p e n i n g s   f rom  e a c h   c h a m b e r   to  t h e   c h a m b e r s   a b o v e   a n d  

b e l o w ,   t he   o p e n i n g s   f rom  c h a m b e r   to   c h a m b e r   b e i n g  



o f f s e t   so  as   t o   r e q u i r e   a  g a s  f l o w i n g  t h r o u g h  s a i d  

c h a m b e r s   t o   t r a v e r s e   o n e  c h a m b e r  f r o m  f r o n t  t o  b a c k   a n d  

t h e   n e x t   c h a m b e r   f rom  b a c k   to   f r o n t ,   m e a n s   f o r  

i n t r o d u c i n g   l i q u i d   i n t o   one  of   t h e   m a n i f o l d s   and  f o r  

w i t h d r a w i n g   t h e   l i q u i d   f r o m   t h e   o t h e r   m a n i f o l d ,   a n d  

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

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

s u c c e s s i v e l y   t h r o u g h  t h e  c h a m b e r s   w h i c h   i t   s u c c e s s i v e l y  

pnd  a l t e r n a t e l y   t r a v e r s e s   f r o m   f r o n t   to   b a c k   and   t h e n  

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

c h a m b e r   t h r o u g h   t h e   gas   o u t l e t   in   t h e   t o p ,   l i q u i d  

f l o w i n g   t h r o u g h   t h e   m a n i f o l d s   and  t u b e s   b e i n g   h e a t e d   b y  

t h e   h o t   g a s ,   a t   l e a s t   one   b a f f l e   w i t h i n   a t   l e a s t   one   o f  

t h e   c h a m b e r s   e x t e n d i n g   f r o m   t o p   to   b o t t o m   and  f r o m   o n e  

of   t h e   s i d e s   t o w a r d   b u t   t e r m i n a t i n g   s h o r t   of  t h e   o t h e r ,  

w h e r e b y   h o t   g a s   t r a v e r s i n g   t h a t   c h a m b e r   f r o m   f r o n t   t o  

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

a r o u n d   s a i d   b a f f l e .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

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

p r o c e d u r a l   d e m a n d s .  

T h e s e   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   a r e  

r e a l i z e d   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n  

p u r s u a n t   t o   w h i c h   a t   l e a s t   one  u p p e r   and  a t   l e a s t   o n e  

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

to   t h e   o u t s i d e .   A  d o w n c o m e r   o u t s i d e   t h e   h o u s i n g  

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

p a r t   of   t h e   u p p e r   m a n i f o l d ,   t h e r e b y   p e r m i t t i n g   t h e  

b o i l e r   to   o p e r a t e   w i t h i n   a  s h a l l o w   l e v e l   of  w a t e r   i n  

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

and  i t s   h e a t i n g ,   and  p e r m i t t i n g   s u b s t a n t i a l l y   d r y   s t e a m  

to  be  d i s c h a r g e d   f rom  t h e   u p p e r   m a n i f o l d .  



In  a c c o r d a n c e  w i t h   a n o t h e r  a s p e c t  o f  t h e  

i n v e n t i o n   t h e   b a f f l e   ( o r  b a f f l e s )   i s   a n g l e d   w i t h i n   i t s  

c h a m b e r   so  t h a t   t h e   h o t   gas   h i t s   i t   a t   an  a n g l e   l e s s  

t h a n   90°  so  as   t o   be  d e f l e c t e d   t h e r e b y   in  t h e   d i r e c t i o n  

of  i t s   a d v a n c e ,   t h e r e b y   a v o i d i n g   h o t   s p o t s .  

In  a c c o r d a n c e   w i t h   y e t   a n o t h e r   a s p e c t   of  t h e  

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

in   v o l u m e   f rom  b o t t o m   to  t o p   to   make  up  f o r   t h e  

r e d u c t i o n   in  v o l u m e   as  t h e   h o t   gas   c o o l s ,   t h e r e b y  

k e e p i n g   t h e   gas   v e l o c i t y   h i g h   and  m a i n t a i n i n g  

t u r b u l e n c e   w h i c h   h e l p s   h e a t   e x c h a n g e .  

F i n a l l y ,   to   m a i n t a i n   e f f i c i e n t   f u e l  

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

o p e r a t o r   can  m o n i t o r   t h e   o x y g e n   c o n t e n t   of  t h e   e x i t i n g  

c o m b u s t i o n   gas   and   a d j u s t   t h e   b a f f l i n g   to   m a i n t a i n   i t  

s u b s t a n t i a l l y   c o n s t a n t .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   w i t h  

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

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  b o i l e r   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g .   2  i s   a  f r o n t   v i e w   of  t h e   b o i l e r   of  F i g .  

1  w i t h o u t   b a f f l e s   and  d o w n c o m e r ;  

F i g .   3  i s   a  s i d e   v i e w   of  t h e   b o i l e r   s h o w i n g  

t h e   c o n n e c t i o n   of   t u b e s   and  d o w n c o m e r   w i t h   t h e  

m a n i f o l d s ;  

F i g .   4  i s   a  p l a n   v i e w   of  t h e   p r e f e r r e d  

a r r a n g e m e n t   of  b a f f l e s   in  a  c h a m b e r   of  t h e   b o i l e r ;   a n d  

F i g .   5  i s   a  p e r s p e c t i v e   v i e w   of  one  b a f f l e   o f  

F i g .   4 .  



R e f e r r i n g   n o w  m o r e  p a r t i c u l a r l y   t o   t h e  

d r a w i n g s ,   in   F i g .   1  t h e r e   i s  s h o w n  a   h o u s i n g   10  h a v i n g  

a  t o p   w a l l   12,   a  b o t t o m   w a l l   14,  a  l e f t   s i d e   w a l l   16,   a  

r i g h t   s i d e   w a l l   18,   a  f r o n t   w a l l   20  and   a  r e a r   w a l l   2 2 .  

A  l o w e r   m a n i f o l d   24  and   an  u p p e r   m a n i f o l d   26  p r o j e c t  

t h r o u g h   t h e   f r o n t   and  r e a r   w a l l s   20  and  22.   Means   a r e  

p r o v i d e d   to   i n t r o d u c e   c o l d   w a t e r   i n t o   t h e   l o w e r  

m a n i f o l d   a t   28  and  t o   r e m o v e   s t e a m   f r o m   t h e   u p p e r  
m a n i f o l d   a t   30,   o u t s i d e   t h e   h o u s i n g .  

A  d o w n c o m e r   32  o u t s i d e   t h e   h o u s i n g   c o n n e c t s  

t h e   l o w e s t   p a r t   of  t h e   u p p e r   m a n i f o l d   26  w i t h   t h e   t o p  
of   t h e   l o w e r   m a n i f o l d   24  so  t h a t   w a t e r  i n   t h e   u p p e r  
m a n i f o l d   can   r a p i d l y   r u n   down  f o r   r e h e a t i n g ,   s p e e d i n g  

up  t h e   c i r c u l a t i o n .   T h i s   a l s o   p e r m i t s   t h e   u p p e r  
m a n i f o l d   to   o p e r a t e   w i t h   a  s h a l l o w   l e v e l   of   w a t e r   w h i c h  

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

s u b s t a n t i a l l y   d r y   s t e a m   to   be  d i s c h a r g e d   f r o m   t h e   u p p e r  
m a n i f o l d   2 6 .  

A  p l u r a l i t y   of  t u b e s   36,   i l l u s t r a t i v e l y  

t w e n t y - t h r e e ,   e x t e n d   f rom  t h e   l e f t   u p p e r   m a n i f o l d   26  t o  

t h e   l e f t   l o w e r   m a n i f o l d   24  and  a  s i m i l a r   n u m b e r   o f  

t u b e s   38  e x t e n d   f r o m   t h e   r i g h t   u p p e r   m a n i f o l d   26  to   t h e  

r i g h t   l o w e r   m a n i f o l d   24.  E x c e p t   f o r   t h e   f i r s t   36a  a n d  

l a s t   36c  few  t u b e s   in   e a c h   s e t ,   f o r   a ' r e a s o n   to   b e  

d e s c r i b e d   l a t e r ,   t h e   b a l a n c e   of  t h e   t u b e s   36b  a r e   a l l  

s i m i l a r l y   b e n t   as  a r e   t h e   t u b e s   3 8 .  

Each   t u b e   has   a  v e r t i c a l   c o m p o n e n t   and  t u b e s  

38a  and   38b  h a v e   two  h o r i z o n t a l   c o m p o n e n t s ,   i . e .   o n e  

r u n   to   t h e   l e f t   s i d e   of  t h e   b o i l e r ,   or   a c t u a l l y   to  t h e  

t u b e s   36,   and  t h e n   a  r e t u r n   r u n .   The  b e n d s   in  t u b e s   3 8  

a r e   n o t   i d e n t i c a l   to   t h o s e   of  t u b e s   36  b u t   r a t h e r  

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

v e r t i c a l l y   s u p e r p o s e d   c h a m b e r s   4 0 a ,   4 0 b ,   4 0 c ,   40d  a n d  

4 0 e ,   d e c r e a s i n g   in   v o l u m e   f rom  b o t t o m   to   t o p   to   make  u p  



f o r   r e d u c t i o n   in  v o l u m e   a s  t h e   hot gas ecols  t h e r e b y  

k e e p i n g   t h e   gas   v e l o c i t y  h i g h   and  m a i n t a i n i n g  

t u r b u l e n c e   w h i c h   h e l p s   h e a t   e x c h a n g e .  

A d v a n t a g e o u s l y ,   t h e   b o i l e r   has   f i v e ,   s e v e n   o r  

n i n e   c h a m b e r s .   C o m b u s t i o n   g a s e s   in   c h a m b e r   40a  r i s e  

t h r o u g h   s u c h   s p a c e   and  e n t e r   c h a m b e r   40b  t r a v e r s i n g   i t  

h o r i z o n t a l l y   f r o m   b a c k   to   f r o n t .   The  t u b e  b e n d s  

s i m i l a r l y   c a u s e   t h e   g a s e s   to   t r a v e r s e   s u c c e s s i v e  

c h a m b e r s   u n t i l   t h e y   r e a c h   t h e   t o p m o s t   c h a m b e r   40e  w h e r e  

t h e y   e x i t   t h r o u g h   an  o p e n i n g   in  t h e   t o p   1 2 .  

Fo r   i m p r o v e d   h e a t   e x c h a n g e ,   in  a d d i t i o n   t o  

t h e   t o r t u o u s   g a s   f l o w   so  f a r   d e f i n e d ,   a  more  c o m p l e x  

f l o w   i s   p o s s i b l e .   Thus   r e c t a n g u l a r   b a f f l e s   46  h a v i n g  

t h e   s h a p e   shown  i n  F i g .   5  may  be  p r o v i d e d ,   e x t e n d i n g  

f r o m   a d j a c e n t   one  s i d e   w a l l   t o w a r d   b u t   s h o r t   of  t h e  

o t h e r .   They   a r e   j u s t   h i g h   e n o u g h   to   s p a n   a  c h a m b e r  

b e i n g   h e l d   in   p o s i t i o n   by  t h e i r   f i t   b e t w e e n   t h e   t r o u g h s  

f o r m e d   by  a d j a c e n t   t u b e s .   They   a r e   i n s e r t e d   by  s i m p l e  

s l i d i n g   and   may  be  r e m o v e d ,   or   s l i d   more  or   l e s s   i n t o  

t h e i r   c h a m b e r s ,   e i t h e r   m a n u a l l y   or   a u t o m a t i c a l l y   ( n o t  

s h o w n ) ,  a s   d e s i r e d .  

I f   more  t h a n   one  b a f f l e   46  i s   p r e s e n t   in   a  

g i v e n   c h a m b e r   t h e y   mus t   a l t e r n a t e l y   e x t e n d   f r o m  

o p p o s i t e   s i d e s .   Thus   w h i l e   t h e   c o m b u s t i o n   gas   i s  

m o v i n g   f r o m   r e a r   to  f r o n t   in   c h a m b e r   40b  t h e   gas   s t r e a m  

m u s t   move  f r o m   s i d e   to   s i d e   t o   g e t   a r o u n d   t h e   b a f f l e s .  

As  shown  in  F i g s .   4  and  5  t h e   b a f f l e s   h a v e  

f r o n t   and   r e a r   e l e m e n t s   w h i c h   a r e   h i g h   and  low  e n o u g h  

to   l o d g e   in   t h e   n i p s   b e t w e e n   a d j a c e n t   t u b e s .   I n  

b e t w e e n   t h e r e   i s   a  l o w e r   s e c t i o n   w h i c h   i s   j u s t   h i g h  

e n o u g h   to   c l e a r   t h e   min imum  v e r t i c a l   s p a c e   of  t h e  

c h a m b e r .   T h i s   s e c t i o n   i s   a r r a n g e d   a t   an  a n g l e   l e s s  

t h a n   9 0 ° C ,   e . g .   a b o u t   45°  so  t h e   g a s   w i l l   be  d e f l e c t e d  



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

t h e r e b y   a v o i d i n g   h o t   s p o t s .  

In  F i g s .   1  a n d   3  i t   can   be  s e e n   t h a t   t h e  

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

n o t   in   a  s t r a i g h t   l i n e   b u t   r a t h e r   a r e   s t a g g e r e d .  

H o w e v e r ,   a l l   t h e   t u b e s   j o i n   t h e   u p p e r   m a n i f o l d   a t   o r  
b e l o w   t h e   u p p e r   m a n i f o l d ' s   h o r i z o n t a l   c e n t e r   l i n e   a n d  

e a c h   t u b e   in  g o i n g   f rom  l o w e r   to   u p p e r   m a n i f o l d   h a s  

l e n g t h s   w h i c h   r i s e   or  a r e   h o r i z o n t a l   b u t   has   no  l e n g t h s  

w h i c h   go  d o w n w a r d l y ,   t h e r e b y   a v o i d i n g   e n t r a p m e n t   o f  

g a s .  

The  b a f f l e s   can   s e r v e   a  f u r t h e r   p u r p o s e ,   v i z .  

m a i n t a i n i n g   e f f i c i e n t   u t i l i z a t i o n   of  f u e l  

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

c o n s e q u e n c e   of   f l u c t u a t i o n   in  s t e a m   d e m a n d .  

S p e c i f i c a l l y ,   one  m o n i t o r s   t h e   o x y g e n   c o n t e n t   of   t h e  

h o t   gas   e x i t i n g   t h e   b o i l e r   w h i c h   o t h e r w i s e   w i l l   c h a n g e  

as  f e e d   and  demand  v a r y .   H o w e v e r ,   t h e   p o s i t i o n   of   t h e  

b a f f l e   or   b a f f l e s   i s   a d j u s t e d   to   m a i n t a i n   t h i s   o x y g e n  

c o n t e n t . s u b s t a n t i a l l y   c o n s t a n t ,   e . g .   as  demand   g o e s  
down  t h e   o x y g e n   c o n t e n t   w i l l   go  up ,   so  t h e   b a f f l e  

p o s i t i o n s   w i l l   be  a d j u s t e d   to   g i v e   more   b a f f l i n g   a n d  

t h e r e b y   r e s t o r e   t h e   o x y g e n   l e v e l   to   t h e   p r e d e t e m i n e d  

v a l u e .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   s p e c i f i c a t i o n  

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

p r e s e n t   i n v e n t i o n   and  t h a t   o t h e r   e m b o d i m e n t s   w i t h i n   t h e  

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

t h e m s e l v e s   to   t h o s e   s k i l l e d   in  t h e   a r t .  



1.  In  a  b o i l e r   c o m p r i s i n g   a  h o u s i n g   h a v i n g   a  

t o p   p r o v i d e d   w i t h   a  g a s   o u t l e t ,   b o t t o m ,   l e f t   and  r i g h t  

s i d e s   and  a  f r o n t   and  b a c k ,   t h e   h o u s i n g   c o n t a i n i n g   a n  

u p p e r   m a n i f o l d   and  a  l o w e r   m a n i f o l d   s u b s t a n t i a l l y  

p a r a l l e l   to   t h e   t o p ,   b o t t o m   and  s i d e   w a l l s ,   two  s e t s   o f  

{ t u b e s ,   e a c h   s e t   c o m p r i s i n g   a  p l u r a l i t y   of  t u b e s ,   o n e  

s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d   to   t h e   l o w e r   m a n i f o l d   o n  

t h e   l e f t   and  t h e   o t h e r   s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d  

to  t h e   l o w e r   m a n i f o l d   on  t h e   r i g h t ,   t h e   t u b e s   o f   e a c h  

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

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

o p p o s i t e   s i d e   w a l l ,   r i s i n g   a d j a c e n t   t h e   o p p o s i t e   s i d e  

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

w a l l ,   r i s i n g   t h e r e a l o n g   and  e v e n t u a l l y   j o i n i n g   t h e  

u p p e r   m a n i f o l d ,   t h e   h o r i z o n t a l   r u n s   of  t h e   t u b e s   of   o n e  

s e t   b e i n g   v e r t i c a l l y   o f f s e t   r e l a t i v e   to   t h e   h o r i z o n t a l  

r u n s   of   t h e   t u b e s   of  t h e   o t h e r   s e t   so  as  to   f o r m   a  

p l u r a l i t y   of  s u p e r p o s e d   c h a m b e r s ,   i n d i v i d u a l   t u b e s   o f  

t h e   s e t s   b e i n g   d i f f e r e n t l y   b e n t   so  as  to   f o r m   a c c e s s  

o p e n i n g s   f rom  e a c h   c h a m b e r   to   t h e   c h a m b e r s   a b o v e   a n d  

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

o f f s e t   so  as  to   r e q u i r e   a  g a s   f l o w i n g   t h r o u g h   s a i d  

c h a m b e r s   to  t r a v e r s e   one   c h a m b e r   f rom  f r o n t   to   b a c k   a n d  

t h e   n e x t   c h a m b e r   f rom  b a c k   to   f r o n t ,   means   f o r  

i n t r o d u c i n g   l i q u i d   i n t o   one   of   t h e   m a n i f o l d s   and   f o r  

w i t h d r a w i n g   t h e   l i q u i d   f r o m   t h e   o t h e r   m a n i f o l d ,   a n d  

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

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

s u c c e s s i v e l y   t h r o u g h   t h e   c h a m b e r s   w h i c h   i t   s u c c e s s i v e l y  

and  a l t e r n a t e l y   t r a v e r s e s   f rom  f r o n t   to   b a c k   and  t h e n  

f rom  b a c k   to  f r o n t   u n t i l   i t   e x i t s   f rom  t h e   u p p e r m o s t  
c h a m b e r   t h r o u g h   t h e   gas   o u t l e t   in  t he   t o p ,   l i q u i d  

f l o w i n g   t h r o u g h   t h e   m a n i f o l d s   and  t u b e s   b e i n g   h e a t e d   b y  

t h e   h o t   g a s ,   a t   l e a s t   one  b a f f l e   w i t h i n   a t   l e a s t   one  o f  

t h e   c h a m b e r s   e x t e n d i n g   f r o m   t o p   to  b o t t o m   and  f r o m   c n e  



of  t h e   s i d e s   t o w a r d   b u t  t e r m i n a t i n g   s h o r e   o f  t h e   o t h e r ,  

w h e r e b y   h o t   g a s   t r a v e r s i n g  t h a t   c h a m b e r   f r o m   f r o n t   t o  

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

a r o u n d   s a i d   b a f f l e ,   t h e   i m p r o v e m e n t   w h i c h   c o m p r i s e s  

h a v i n g   a t   l e a s t   one  u p p e r   and  a t   l e a s t   one   l o w e r  

m a n i f o l d   p r o j e c t   f r o m   t h e   i n s i d e   of  t h e   h o u s i n g   to   t h e  

o u t s i d e ,   and  a  d o w n c o m e r   o u t s i d e   t h e   h o u s i n g   c o n n e c t i n g  

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

t h e   u p p e r   m a n i f o l d ,   t h e r e b y   p e r m i t t i n g   t h e   b o i l e r   t o  

o p e r a t e   w i t h   a  s h a l l o w   l e v e l   of  w a t e r   in  t h e   u p p e r  
m a n i f o l d ,   s p e e d i n g   up  c i r c u l a t i o n   of   w a t e r   and   i t s  

h e a t i n g ,   and  p e r m i t t i n g   s u b s t a n t i a l l y   d r y   s t e a m   to   b e  

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

2.  A  b o i l e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

a l l   t h e   t u b e s   j o i n   t h e   u p p e r   m a n i f o l d   a t   or   b e l o w   t h e  

u p p e r   m a n i f o l d ' s   h o r i z o n t a l   c e n t e r   l i n e .  

3.  A  b o i l e r   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  

e a c h   t u b e   in  g o i n g   f r o m   l o w e r   to  u p p e r   m a n i f o l d   h a s  

l e n g t h s   w h i c h   r i s e   or  a r e   h o r i z o n t a l   b u t   h a s   no  l e n g t h s  

w h i c h   go  d o w n w a r d l y ,   t h e r e b y   a v o i d i n g   e n t r a p m e n t   o f  

g a s .  

4.  A  b o i l e r   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

t h e   b o i l e r   h a s   f i v e ,   s e v e n   or   n i n e   c h a m b e r s .  

5.  A  b o i l e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

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

gas   h i t s   i t   a t   an  a n g l e   l e s s   t h a n   90°  so  as  t o   b e  

d e f l e c t e d   t h e r e b y   in   t h e   d i r e c t i o n   of   i t s   a d v a n c e ,  

t h e r e b y   a v o i d i n g   h o t   s p o t s .  

6.  A  b o i l e r   a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

s u c c e s s i v e   c h a m b e r s   f r o m   b o t t o m   to  t o p   a r e   r e d u c e d   i n  

v o l u m e   to   make  up  f o r   t h e   r e d u c t i o n   in  v o l u m e   as  t h e  



h o t   g a s   c o o l s ,   ' t h e r e b y  h e e p i n g   t h e  g a s  v e l o c i t y   h i g h  

and   m a i n t a i n i n g   t u r b u l e n c e  w h i c h   h e l p s   h e a t  e x c h a n g e .  

7.  A  b o i l e r   a c c o r d i n g   t o   c l a i m   6,  i n c l u d i n g  

a  p l u r a l i t y   of  b a f f l e s   in   a  p l u r a l i t y   of   c h a m b e r s ,   t h e  

b a f f l e s   b e i n g   a n g l e d   w i t h i n   t h e i r   c h a m b e r s   so  t h a t   t h e  

h o t   g a s   h i t s   t h e m   a t   an  a n g l e   l e s s   t h a n   90°  so  as  to   b e  

d e f l e c t e d   t h e r e b y   in   t h e   d i r e c t i o n   o f   i t s   a d v a n c e ,  

t h e r e b y   a v o i d i n g   h o t   s p o t s .  

8.  In  a  b o i l e r   c o m p r i s i n g   a  h o u s i n g   h a v i n g   a  

t o p   p r o v i d e d   w i t h   a  gas   o u t l e t ,   b o t t o m ,   l e f t   and  r i g h t  

s i d e s   and  a  f r o n t   and  b a c k ,   t h e   h o u s i n g   c o n t a i n i n g   a n  

u p p e r   m a n i f o l d   and  a  l o w e r   m a n i f o l d   s u b s t a n t i a l l y  

p a r a l l e l   to   t h e   t o p ,   b o t t o m   and  s i d e   w a l l s ,   two  s e t s   o f  

t u b e s ,   e a c h   s e t   c o m p r i s i n g   a  p l u r a l i t y   of   t u b e s ,   o n e  

s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d   to   t h e   l o w e r   m a n i f o l d   o n  

t h e   l e f t   and  t h e   o t h e r   s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d  

to   t h e   l o w e r   m a n i f o l d   on  t h e   r i g h t ,   t h e   t u b e s   of  e a c h  

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

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

o p p o s i t e   s i d e   w a l l ,   r i s i n g   a d j a c e n t   t h e   o p p o s i t e   s i d e  

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

w a l l ,   r i s i n g   t h e r e a l o n g   and  e v e n t u a l l y   j o i n i n g   t h e  

u p p e r   m a n i f o l d ,   t h e   h o r i z o n t a l   r u n s   of   t h e   t u b e s   of  o n e  

s e t   b e i n g   v e r t i c a l l y   o f f s e t   r e l a t i v e   to   t h e   h o r i z o n t a l  

r u n s   of   t h e   t u b e s   of  t h e   o t h e r   s e t   so  as  to   fo rm  a  

p l u r a l i t y   of  s u p e r p o s e d   c h a m b e r s ,   i n d i v i d u a l   t u b e s   o f  

t h e   s e t s   b e i n g   d i f f e r e n t l y   b e n t   so  as   t o   f o r m   a c c e s s  

o p e n i n g s   f rom  e a c h   c h a m b e r   to   t h e   c h a m b e r s   a b o v e   a n d  

b e l o w ,   t h e   o p e n i n g s   f rom  c h a m b e r   to   c h a m b e r   b e i n g  

o f f s e t   so  as  to   r e q u i r e   a  gas   f l o w i n g   t h r o u g h   s a i d  

c h a m b e r s   to   t r a v e r s e   one  c h a m b e r   f r o m   f r o n t   to   b a c k   a n d  

t h e   n e x t   c h a m b e r   f rom  b a c k   to  f r o n t ,   m e a n s   f o r  

i n t r o d u c i n g   l i q u i d   i n t o   one  of  t h e   m a n i f o l d s   and  f o r  

w i t h d r a w i n g   t h e   l i q u i d   f rom  t h e   o t h e r   m a n i f o l d ,   a n d  

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



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

s u c c e s s i v e l y   t h r o u g h   t h e   c h a m b e r s   w h i c h   i t   s u c c e s s i v e l y  

and  a l t e r n a t e l y   t r a v e r s e s   f r o m   f r o n t   to   b a c k   and   t h e n  

f rom  b a c k   to   f r o n t   u n t i l   i t   e x i t s   f rom  t h e   u p p e r m o s t  

c h a m b e r   t h r o u g h   t h e   gas   o u t l e t   in  t h e   t o p ,   l i q u i d  

f l o w i n g   t h r o u g h   t h e   m a n i f o l d s   and  t u b e s   b e i n g   h e a t e d   b y  

t h e   h o t   g a s ,   a t   l e a s t   one  b a f f l e   w i t h i n   a t   l e a s t   one   o f  

t h e   c h a m b e r s  e x t e n d i n g   f r o m   t o p   t o  b o t t o m   and   f r o m   o n e  
µ of  t h e   s i d e s   t o w a r d   b u t   t e r m i n a t i n g   s h o r t   of   t h e   o t h e r ,  

w h e r e b y   h o t   g a s   t r a v e r s i n g   t h a t   c h a m b e r   f r o m   f r o n t   t o  

b a c k   i s   a d d i t i o n a l l y   f o r c e d   t o   f l o w   l a t e r a l l y   t o   g e t  

a r o u n d   s a i d   b a f f l e ,   t h e   i m p r o v e m e n t   w h i c h   c o m p r i s e s  

a n g l i n g   t h e   b a f f l e   w i t h i n   i t s   c h a m b e r   so  t h a t   t h e   h o t  

g a s   h i t s   i t   a t   an  a n g l e   l e s s   t h a n   90°  so  as  t o   b e  

d e f l e c t e d   t h e r e b y   in  t h e   d i r e c t i o n   of   i t s   a d v a n c e ,  

t h e r e b y   a v o i d i n g   h o t   s p o t s .  

9.  A  b o i l e r   a c c o r d i n g   to   c l a i m   7,  w h e r e i n  

s u c c e s s i v e   c h a m b e r s   f rom  b o t t o m   to   t o p   a r e   r e d u c e d   i n  

v o l u m e   to   make  up  f o r   t h e   r e d u c t i o n   in  v o l u m e   as  t h e  

h o t   gas   c o o l s ,   t h e r e b y   k e e p i n g   t h e   gas   v e l o c i t y   h i g h  

and  m a i n t a i n i n g   t u r b u l e n c e   w h i c h   h e l p s   h e a t   e x c h a n g e .  

10.   A  b o i l e r   a c c o r d i n g   t o   c l a i m   9,  i n c l u d i n g  

a  p l u r a l i t y   of  b a f f l e s   in   a  p l u r a l i t y   of  c h a m b e r s ,   t h e  

b a f f l e s   b e i n g   a n g l e d   w i t h i n   t h e i r   c h a m b e r s   so  t h a t   t h e  

h o t   g a s   h i t s   t hem  a t   an  a n g l e   l e s s   t h a n   90°  so  as  to   b e  

d e f l e c t e d   t h e r e b y   in  t h e   d i r e c t i o n   of  i t s   a d v a n c e ,  

t h e r e b y   a v o i d i n g   h o t   s p o t s .  

11.   In  a  b o i l e r   c o m p r i s i n g   a  h o u s i n g   h a v i n g   a  

t o p   p r o v i d e d   w i t h   a  gas   o u t l e t ,   b o t t o m ,   l e f t   and  r i g h t  

s i d e s   and   a  f r o n t   and  b a c k ,   t h e   h o u s i n g   c o n t a i n i n g   a n  

u p p e r   m a n i f o l d   and  a  l o w e r   m a n i f o l d   s u b s t a n t i a l l y  

p a r a l l e l   t o   t h e   t o p ,   b o t t o m   and  s i d e   w a l l s ,   two  s e t s   o f  

t u b e s ,   e a c h   s e t   c o m p r i s i n g   a  p l u r a l i t y   of  t u b e s ,   o n e  

s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d   to   t h e   l o w e r   m a n i f o l d   o n  



t h e   l e f t   and  t h e   o t h e t   s e t   j o i n i n g   t h e   u p p e r   m a n i f o l d  

to   t h e   l o w e r   m a n i f o l d   on  t h e   r i g h t ,   t h e   t u b e s   o f   e a c h  

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

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

o p p o s i t e   s i d e   w a l l ,   r i s i n g   a d j a c e n t   t h e   o p p o s i t e   s i d e  

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

w a l l ,   r i s i n g   t h e r e a l o n g   and  e v e n t u a l l y   j o i n i n g   t h e  

u p p e r   m a n i f o l d ,   t h e   h o r i z o n t a l   r u n s   of  t h e   t u b e s   of   o n e  

s e t  b e i n g   v e r t i c a l l y   o f f s e t   r e l a t i v e   to   t he   h o r i z o n t a l  

r u n s   of  t h e   t u b e s   of   t h e   o t h e r   s e t   so  as  to  f o r m   a  

p l u r a l i t y   of   s u p e r p o s e d   c h a m b e r s ,   i n d i v i d u a l   t u b e s   o f  

t h e   s e t s   b e i n g   d i f f e r e n t l y   b e n t   so  as  to   fo rm  a c c e s s  

o p e n i n g s   f rom  e a c h   c h a m b e r   t o   t h e   c h a m b e r s   a b o v e   a n d  

b e l o w ,   t h e   o p e n i n g s   f rom  c h a m b e r   to   c h a m b e r   b e i n g  

o f f s e t   so  as  to   r e q u i r e   a  g a s   f l o w i n g  t h r o u g h   s a i d  

c h a m b e r s   to   t r a v e r s e   one  c h a m b e r   f r o m   f r o n t   to   b a c k   a n d  

t h e   n e x t   c h a m b e r   f r o m   b a c k   to   f r o n t ,   means   f o r  

i n t r o d u c i n g   l i q u i d   i n t o   one   of   t h e   m a n i f o l d s   and  f o r  

w i t h d r a w i n g   t h e   l i q u i d   f r o m   t h e   o t h e r   m a n i f o l d ,   a n d  

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

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

s u c c e s s i v e l y   t h r o u g h   t h e   c h a m b e r s   w h i c h   i t   s u c c e s s i v e l y  

and  a l t e r n a t e l y   t r a v e r s e s   f r o m   f r o n t   to  b a c k   and  t h e n  

f rom  b a c k   to   f r o n t   u n t i l   i t   e x i t s   f r om  t h e   u p p e r m o s t  

c h a m b e r   t h r o u g h   t h e   gas   o u t l e t   in  t h e   t o p ,   l i q u i d  

f l o w i n g   t h r o u g h   t h e   m a n i f o l d s   and  t u b e s   b e i n g   h e a t e d   b y  

t h e   h o t   g a s ,   a t   l e a s t   one  b a f f l e   w i t h i n   a t   l e a s t   one   o f  

t h e   c h a m b e r s   e x t e n d i n g   f rom  t o p  t o   b o t t o m   and  f r o m   o n e  

of  t h e   s i d e s   t o w a r d   b u t   t e r m i n a t i n g   s h o r t   of  t h e   o t h e r ,  

w h e r e b y   h o t   gas   t r a v e r s i n g   t h a t   c h a m b e r  f r o m   f r o n t   t o  

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

c h a m b e r s   f rom  b o t t o m   to  t o p   a r e   r e d u c e d   in  v o l u m e   t o  

make  up  f o r   t h e   r e d u c t i o n   in  v o l u m e   as  t h e   h o t   g a s  

c o o l s ,   t h e r e b y   k e e p i n g   t h e   g a s   v e l o c i t y  h i g h   a n d  

m a i n t a i n i n g   t u r b u l e n c e   w h i c h   h e l p s '  h e a t   e x c h a n g e .  



12.  A  p r o c e s s  f o r   t a i n t a i n i n g   e f f i c i e n t  

u t i l i z a t i o n   of   f u e l   w h i l e   f l u c t u a t i n g   t h e   f e e d   of  f u e l  

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

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

h a v i n g   a  t op   p r o v i d e d   w i t h   a  gas   o u t l e t ,   b o t t o m ,   l e f t  

and  r i g h t   s i d e s   and  a  f r o n t   and  b a c k ,   t h e   h o u s i n g  

c o n t a i n i n g   an  u p p e r   m a n i f o l d   and  a  l o w e r   m a n i f o l d  

{ s u b s t a n t i a l l y   p a r a l l e l   to   t h e   t o p ,   b o t t o m   and  s i d e  

w a l l s ,   two  s e t s   o f   t u b e s ,   e a c h   s e t   c o m p r i s i n g   a  

p l u r a l i t y   of  t u b e s ,   one  s e t   j o i n i n g   t h e  u p p e r   m a n i f o l d  

t o   t h e   l o w e r   m a n i f o l d   on  t h e   l e f t   and  t h e   o t h e r   s e t  

j o i n i n g   t h e   u p p e r   m a n i f o l d   to   t h e   l o w e r   m a n i f o l d   on  t h e  

r i g h t ,   t h e   t u b e s   o f   e a c h   s e t   r i s i n g   f r o m   t h e   l o w e r  

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

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

a d j a c e n t   t h e   o p p o s i t e   s i d e   w a l l ,   r e - c r o s s i n g   t h e  

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

t h e r e a l o n g   and  e v e n t u a l l y   j o i n i n g   t h e   u p p e r   m a n i f o l d ,  
t h e   h o r i z o n t a l   r u n s   of  t h e   t u b e s   of  one  s e t   b e i n g  

v e r t i c a l l y   o f f s e t   r e l a t i v e   to   t h e   h o r i z o n t a l   r u n s   o f  
t h e   t u b e s   of  t h e   o t h e r   s e t   so  as  to   f o rm  a  p l u r a l i t y   o f  

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

d i f f e r e n t l y   b e n t   so  as  to   form  a c c e s s   o p e n i n g s   f r o m  

e a c h   c h a m b e r   to   t h e   c h a m b e r s   a b o v e   and  b e l o w ,   t h e  

o p e n i n g s   f rom  c h a m b e r   to   c h a m b e r   b e i n g   o f f s e t   so  as  t o  

r e q u i r e   a  gas   f l o w i n g   t h r o u g h   s a i d   c h a m b e r s   to   t r a v e r s e  

one  c h a m b e r   f rom  f r o n t   to   b a c k   and  t h e   n e x t   c h a m b e r  

f r o m   b a c k   to   f r o n t ,   m e a n s   f o r   i n t r o d u c i n g   l i q u i d   i n t o  

one  of  t h e   m a n i f o l d s   and  f o r   w i t h d r a w i n g   t h e   l i q u i d  
f r o m   t h e   o t h e r   m a n i f o l d ,   and  means   f o r   i n t r o d u c i n g   a  
h o t   gas   i n t o   t h e   l o w e r m o s t   of  t h e   s u p e r p o s e d   c h a m b e r s ,  

t h e   h o t   gas   r i s i n g   s u c c e s s i v e l y   t h r o u g h   t h e   c h a m b e r s  

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

f r o n t   to   b a c k   and  t h e n   f rom  b a c k   t o   f r o n t   u n t i l   i t  

e x i t s   f rom  t h e   u p p e r m o s t   c h a m b e r   t h r o u g h   t h e   gas   o u t l e t  

in  t h e   t o p ,   l i q u i d   f l o w i n g   t h r o u g h   t h e   m a n i f o l d s   a n d  

t u b e s   b e i n g   h e a t e d   by  t h e   h o t   g a s ,   a t   l e a s t   one  b a f f l e  



w i t h i n   a t   l e a s t   one  of  t h e  c h a m b e r s   e x t e n d i n g   f rom  t o p  

to  b o t t o m   and  f rom  one  of   t h e   s i d e s   t o w a r d   b u t  

t e r m i n a t i n g   s h o r t   of  t h e   o t h e r ,   w h e r e b y   h o t   g a s  

t r a v e r s i n g   t h a t   c h a m b e r   f r o m   f r o n t   to   b a c k   i s  

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

s a i d   b a f f l e ,   c o m p r i s i n g   m o n i t o r i n g   t h e   o x y g e n   c o n t e n t  
' o f   t h e   h o t   gas   e x i t i n g   t h e   b o i l e r ,   and  a d j u s t i n g   t h e  

p o s i t i o n   of  t h e   b a f f l e   s u b s t a n t i a l l y   to   r e s t o r e   t h e  

o x y g e n   c o n t e n t   to   a  p r e d e t e r m i n e d   v a l u e .  
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