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Apparatus  for  ensuring  heat  exchange  between  a  gas  flow  and  a  heat  exchanger. 
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Apparatus  for  ensuring  heat  exchange  between  a  gas 
flow  and  a  heat  exchanger  comprises  a  duct  (2)  through 
which  the  gas  flows.  The  heat  exchanger  (6, 44)  ist  mounted 
in  the  duct  such  that  the  gas  flows  therethrough.  Constric- 
tions  for  the  gas  flow  are  arranged  in  the  duct  upstream  of 
the  heat  exchanger  in  the  direction  (A)  of  gas  flow  such  that 
jets  of  gas  are  created.  The  constrictions  are  provided  by 
flow  passages  extending  through  a  diaphragm  (24,124,224, 
324,  424,  524,  624,  724)  mounted  across  the  duct. 

In  use  liquid  is  sprayed  over  the  heat  exchanger  (6, 44) 
and  the  high  velocity  jets  of  gas  pick  up  the  liquid  and  carry 
it  into  the  heat  exchanger.  In  this  way  the  surfaces  of  the 
heat  exchanger  are  thoroughly  wetted  by  the  liquid  and  the 
efficiency  of  the  heat  transfer  is  thereby  improved. 



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 p p a r a t u s  

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

a  h e a t   e x c h a n g e r .  

As  e n e r g y   b e c o m e s   more   e x p e n s i v e   i t   b e c o m e s  

more   i m p o r t a n t   t o  u s e   e n e r g y   e f f i c i e n t l y .   I n  

many  i n d u s t r i a l   p r o c e s s e s   i t   i s   n e c e s s a r y   t o  

t r a n s f e r   e n e r g y   b e t w e e n   a  g a s   f l o w  a n d   a  h e a t  

e x c h a n g e r   and   i t  i s   d e s i r a b l e   t h a t   t h i s   t r a n s f e r  

s h o u l d   be  as  e f f i c i e n t   as  p o s s i b l e .   F u r t h e r m o r e ,  

i f   more   e f f i c i e n t   e n e r g y   t r a n s f e r   c an   be  a c h i e v e d  

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

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

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

f r o m   an  a i r   c o n d i t i o n e d   b u i l d i n g   may  be  a t   a  

t e m p e r a t u r e   e i t h e r   a b o v e   o r   b e l o w   t h e   a m b i e n t  

t e m p e r a t u r e   and   t h i s   t e m p e r a t u r e   d i f f e r e n c e  

r e p r e s e n t s   e n e r g y   w h i c h   i t   i s   d e s i r a b l e   to   r e c l a i m .  

A i r   i s   s u p p l i e d   to   p a i n t   s p r a y   b o o t h s ,   p a r t -  

i c u l a r l y   w h e r e   w a t e r - b a s e d   p a i n t s   a r e   u s e d ,   w h i c h  

i s   c o n d i t i o n e d   to   a  c o n t r o l l e d   t e m p e r a t u r e   a n d  

h u m i d i t y .   T h i s   a i r   i s   t h e n   e x h a u s t e d   to   a t m o s -  

p h e r e .   L a r g e   v o l u m e s   of   a i r   m u s t   be  c o n d i t i o n e d  



w i t h   a  c o n s e q u e n t   e x p e n d i t u r e   of   e n e r g y   and  a c c o r d -  

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

t h e   e x h a u s t   a i r .  

I t   h a s   b e e n   p r o p o s e d   to   p a s s   t h e   e x h a u s t   a i r  

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

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

h e a t   t r a n s f e r   med ium  i s   h e a t e d   or   c o o l e d   by  t h e  

e x h a u s t   a i r .   F o r   e x a m p l e ,   i n   one  p r o j e c t   t h e  

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

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

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

s p r a y   b o o t h .  

Of  c o u r s e ,   t h e   t r a n s f e r   of   h e a t   to   or   f r o m  

t h e   h e a t   t r a n s f e r   med ium  i n   t h e   h e a t   e x c h a n g e r  

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

p o s s i b l e .  

I t   i s   known  t h a t   w h e r e   e x h a u s t   a i r   i s   p a s s e d  

o v e r   h e a t   e x c h a n g e r   c o i l s   t h e   h e a t   t r a n s f e r   r a t e  

can   be  i m p r o v e d   by  w e t t i n g   t h e   c o i l s   w i t h   a  l i q u i d .  

T h u s ,   w h e r e   t h e   h e a t   t r a n s f e r   med ium  i s   to   b e  

c o o l e d   t h e   l i q u i d   on  t h e   c o i l s   i s   e v a p o r a t e d   a n d  

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

The  e v a p o r a t i o n   of   t h e   l i q u i d   a b s o r b s   h e a t   f r o m  

t h e   h e a t   e x c h a n g e r   c o i l s .  



H o w e v e r ,   w e t t i n g   of  t h e   c o i l s   o n l y   s i g n i f i c -  

a n t l y   i n c r e a s e s   t h e   e f f i c i e n c y   of  t h e   h e a t  

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

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  

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

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

h e a t   i s   t r a n s f e r r e d   e f f i c i e n t l y .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

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

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

a  d u c t   t h r o u g h   w h i c h   a  f l o w   of   gas   c an   be  e s t a b l i s h e d ,  

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

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

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

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

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

of   g a s   f l o w   s u c h   t h a t   j e t s   of   gas   a r e   p r o d u c e d .  

The  j e t s   of  gas   c r e a t e d   by  t h e   c o n s t r i c t i o n s  

a r e   a b l e   to   c a r r y   l i q u i d   i n t o   t h e   h e a t   e x c h a n g e r  

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

t h e   s u r f a c e s   of   t h e   h e a t   e x c h a n g e r   a r e   t h o r o u g h l y  

w e t t e d .   I t   w o u l d   be  w h o l l y   u n e c o n o m i c   to   e s t a b -  

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

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



e f f e c t   b e c a u s e   of  t h e   p o w e r   w h i c h   w o u l d   b e . r e q u i r e d  

to  e s t a b l i s h   s u c h   a  h i g h   v e l o c i t y   gas   f l o w .  

In   an  e m b o d i m e n t   t h e   c o n s t r i c t i o n s   a r e   d e f i n e d  

by  a  d i a p h r a g m   m o u n t e d   to   e x t e n d   a c r o s s   t h e  

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

e x t e n d i n g   t h e r e t h r o u g h .   The  or   some  of   t h e   f l o w  

p a s s a g e s   may  c o n v e r g e   i n   t h e   d i r e c t i o n   of   g a s  

f l o w   to   i n c r e a s e   t h e   v e l o c i t y   of   t h e   j e t s   and   t o  

n i n i m i s e   any  s u b s e q u e n t   f l o w   c o n t r a c t i o n .   A d d -  

i t i o n a l l y   a n d / o r   a l t e r n a t e l y   t h e   s i z e   of   t h e   f l o w  .  

p a s s a g e s   may  be  v a r i a b l e   s u c h   t h a t   t h e   a p p a r a t u s  

can  be  made  r e s p o n s i v e   to   c h a n g e s   i n   t h e   p e r f o r m -  

ance   r e q u i r e d   a n d / o r   to   c h a n g e s   i n   v a r i a b l e s  

of  t h e   s y s t e m   i n   w h i c h   t h e   a p p a r a t u s   i s   i n c o r p -  

o r a t e d .  

In   one  e m b o d i m e n t ,   t h e   d u c t   e x t e n d s   v e r t i c a l l y  

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

t he   d u c t .   A  p e r f o r a t e d   d i a p h r a g m   e x t e n d s   h o r i z -  

o n t a l l y   a c r o s s   t h e   d u c t   b e l o w   t h e   h e a t   e x c h a n g e r .  

The  p e r i m e t e r   of   t h e   d i a p h r a g m   i s   s e a l e d   t o   t h e  

d u c t .   A c c o r d i n g l y ,   l i q u i d   w h i c h   d r a i n s   o f f   t h e  

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

o v e r   t h e   w h o l e   a r e a   of   t h e   d i a p h r a g m .   The  j e t s  

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

l i q u i d   c o l l e c t e d   on  t h e   p l a t e   i n t o   t h e   h e a t  



e x c h a n g e r  a n d   i t   i s   t h e r e b y   e n s u r e d   t h a t   t h e   s u r -  

f a c e s   of  t h e   h e a t   e x c h a n g e r   can   be  r e l i a b l y   w e t t e d  

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

f l o w .  

The  l i q u i d   i s   i n t r o d u c e d   i n t o   t h e   d u c t   b y  

s p r a y i n g ,   p r e f e r a b l y   f r o m   one  or   more   n o z z l e s  

w i t h i n   t h e   d u c t .   V a r i o u s   c o n f i g u r a t i o n s ' f o r   t h e  

n o z z l e s   can   be  u s e d .   F o r   e x a m p l e ,   one  o r   m o r e  

n o z z l e s   may  be  d i s p o s e d   b e n e a t h   t h e   d i a p h r a g m  

and  d i r e c t e d   u p w a r d l y   t o w a r d s   t h e   h e a t   e x c h a n g e r .  

A p p r o p r i a t e   a p e r t u r e s   m u s t   t h e n  b e   p r o v i d e d   i n  

t h e   d i a p h r a g m   and  a l i g n e d   w i t h   t h e   n o z z l e s .  

A d d i t i o n a l l y ,   o r   a l t e r n a t i v e l y ,   one  or   m o r e  

n o z z l e s   may  be  d i s p o s e d   a b o v e   t h e   h e a t   e x c h a n g e r  

and  d i r e c t e d   d o w n w a r d l y   t o w a r d s   t h e   h e a t   e x c h a n g e r .  

The  n u m b e r ,   c o n f i g u r a t i o n   and  p o s i t i o n   of   t h e  

n o z z l e s   i s   c h o s e n   i n   d e p e n d e n c e   u p o n   t h e   h e a t  

t r a n s f e r   r a t e   r e q u i r e d ,   t h e   a c c e p t a b l e   g a s  

p r e s s u r e   d r o p ,   and  t h e   s i z e   of  t h e   h e a t   e x c h a n g e r .  

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

u s e f u l   f o r   r e c o v e r i n g   e n e r g y   f r o m   an  a i r   f l o w ,  

t h e   h e a t   e x c h a n g e r   i s   a  c o i l e d   t u b e   h e a t   e x c h a n g e r  

w h i c h   i s   i n   two  s e c t i o n s ,   a  f i r s t   m a i n   s e c t i o n  

and  a  s e c o n d   p r e l i m i n a r y   s e c t i o n .   The  two  s e c t i o n s  

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

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



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

s e c t i o n s   and  w a t e r   s p r a y   n o z z l e s   a r e   a r r a n g e d   t o  

d i r e c t   w a t e r   t o w a r d s   t h e   m a i n   s e c t i o n .   The  p e r -  

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

w e t t i n g   of   t h e   m a i n   s e c t i o n .   I f   r e q u i r e d ,  

a d d i t i o n a l   s p r a y   n o z z l e s   may  d i r e c t   w a t e r   o n t o  

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

n e c e s s a r y   to   p r o v i d e   an  a d d i t i o n a l   p e r f o r a t e d  

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

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

p r o v i d e d .  

The  two  c o i l   s e c t i o n s   a r e   c o n n e c t e d   t o g e t h e r  

and   a r e   p a r t   of  a  common  h e a t   t r a n s f e r   m e d i u m  

c i r c u i t .   The  h e a t   t r a n s f e r   med ium  f l o w s   i n   t h e  

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

f l o w   i n   a c c o r d a n c e   w i t h   w e l l - k n o w n   p r i n c i p l e s .  

FIGURE  1  shows   a  l o n g i t u d i n a l   s e c t i o n   o f  

a p p a r a t u s   of   t h e   p r e s e n t   i n v e n t i o n ,  

FIGURE  2  s h o w s   a  p l a n   v i e w   f r o m   a b o v e   of  a  

f i r s t   e m b o d i m e n t   of   a  p e r f o r a t e d   d i a p h r a g m   i n  

a p p a r a t u s   of  t h e   i n v e n t i o n ,  

FIGURE  3  s h o w s   an  e m b o d i m e n t   of   a p p a r a t u s   o f  

t h e   i n v e n t i o n   s h o w i n g   s c h e m a t i c a l l y   t h e  

c i r c u i t s   f o r   t h e   s u p p l y   o f  a   h e a t   t r a n s f e r  

med ium  and  f o r   t h e   s u p p l y   of  w a t e r   t h e r e t o ,  



FIGURE  4  s h o w s   a  l o n g i t u d i n a l   s e c t i o n   of   a  

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

i n v e n t i o n ,  

FIGURE  5  shows   a  l o n g i t u d i n a l   s e c t i o n   of   a  

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

FIGURE  6  shows   a  l o n g i t u d i n a l   s e c t i o n   of   a  

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

i n v e n t i o n ,  

FIGURE  7  shows   a  p l a n   v i e w   of   t h e   p e r f o r a t e d  

d i a p h r a g m   of   F i g u r e   2  s h o w i n g   a  d i f f e r e n t   m a n n e r  

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

FIGURE  8  shows   a  p l a n   v i e w   o f  a   s e c o n d   e m b o d i -  

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

t h e   i n v e n t i o n ,  

FIGURE  9  shows   a  p l a n   v i e w   of   a  t h i r d   e m b o d i -  

m e n t   of   a  d i a p h r a g m ,  

FIGURE  9A  shows   a  s e c t i o n   of   t h e   d i a p h r a g m  

t a k e n   on  t h e   l i n e   AA  of   F i g u r e   9 ,  

FIGURE  10  s h o w s   a  p l a n   v i e w   o f  a   f o u r t h   _ 

e m b o d i m e n t   of  a  d i a p h r a g m ,  

FIGURE  10A  shows   a  s e c t i o n   of   t h e   d i a p h r a g m  

t a k e n   on  t h e   l i n e   BB  of   F i g u r e   1 0 ,  

FIGURE  11  shows   a  p l a n   v i e w   of   a  f i f t h   e m b o d i -  

m e n t   of   a  d i a p h r a g m ,  



FIGURE  11A  s h o w s   a  s e c t i o n   o f   t h e   d i a p h r a g m  

t a k e n   on  t h e   l i n e   CC  of   F i g u r e   1 1 ,  

FIGURE  12  shows   a  p l a n   v i e w   of   a  s i x t h   e m b o d i -  

m e n t   of   a  d i a p h r a g m ,  

FIGURE  12A  shows   a  s e c t i o n   of   t h e   d i a p h r a g m  

t a k e n   on  t h e   l i n e   DD  of   F i g u r e   1 2 ,  

FIGURE  13  shows   a  p l a n   v i e w   of   a  s e v e n t h  

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

d a m p e r   b l a d e s ,  

FIGURE  13A  s h o w s   a  s e c t i o n   of   t h e   d i a p h r a g m  

of  F i g u r e   13  t a k e n   a l o n g   t h e   l i n e   E E ,  

FIGURE  14  s h o w s   a  f u r t h e r   e m b o d i m e n t   of  a  

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

a d j u s t a b l e   i n   s i z e ,   a n d  

FIGURE  14A  shows   a  s e c t i o n   of   t h e   d i a p h r a g m  

of   F i g u r e   14  t a k e n   a l o n g   t h e   l i n e   F F .  

F i g u r e   1  s h o w s   a  l o n g i t u d i n a l   s e c t i o n   o f  

a p p a r a t u s   f o r   e n s u r i n g   h e a t   e x c h a n g e   b e t w e e n   a  

g a s   f l o w   and  a  h e a t   e x c h a n g e r .   The  a p p a r a t u s  

c o m p r i s e s   a  d u c t   2  d e f i n e d   by  s u b s t a n t i a l l y   v e r t -  

i c a l l y   e x t e n d i n g   w a l l s   4,  p r e f e r a b l y   made  o f  

g a l v a n i s e d   s h e e t - m e t a l .   The  d u c t   2  h a s   a  r e c t a n -  

g u l a r   c r o s s - s e c t i o n   a l t h o u g h   a  d u c t   of  any  r e q u i r e d  

c r o s s - s e c t i o n   may  be  p r o v i d e d .   A  m a i n   h e a t  



e x c h a n g e r   6  i s   m o u n t e d   to   e x t e n d   a c r o s s   t h e  

d u c t   2.  T h i s   h e a t   e x c h a n g e r   6  i s   c o n s t r u c t e d  

f r o m   a  c o i l e d   t u b e   8  and  f i n s   10  a r e   p r o v i d e d   o n  

t h e   t u b e   8  i n   known  m a n n e r .   The  c o i l s   of   t h e  

t u b e   8  e x t e n d   t h r o u g h   t h e   d u c t   w a l l s   4  and  a r e  

s u p p o r t e d   i n   s u p p o r t s   12  f i x e d   to   t h e   o u t e r  

s u r f a c e   of   t h e   w a l l s   4.  H e n c e ,   t h e   h e a t   e x c h a n g e r  

6  e f f i c i e n t l y   u t i l i z e s   t h e   i n t e r n a l   a r e a   of   t h e  

d u c t   2.  One  end  14  of   t h e   t u b e   8  i s   t h e   i n l e t  

f o r   a  h e a t   t r a n s f e r   med ium  and   t h e   o t h e r   e n d  

16  of  t h e   t u b e   8  i s   t h e   o u t l e t   f o r   t h e   h e a t  

t r a n s f e r   m e d i u m .  

A  p r e l i m i n a r y   h e a t   e x c h a n g e r   18  i s   m o u n t e d  

to   e x t e n d   a c r o s s   t h e   d u c t   2  b e l o w   and  s p a c e d   f r o m  

t h e   m a i n   h e a t   e x c h a n g e r   6.  T h i s   p r e l i m i n a r y  

h e a t   e x c h a n g e r   18  i s   s i m i l a r l y   c o n s t r u c t e d   f r o m  

a  c o i l e d   t u b e   8'   p r o v i d e d   w i t h   f i n s   10 '   a n d  

t h e   c o i l s   of  t h e   t u b e   8'  e x t e n d   t h r o u g h   t h e  

d u c t   w a l l s   4  and  a r e   s u p p o r t e d   i n   s u p p o r t s   1 2 ' .  

One  end  20  of  t h e   c o i l e d   t u b e   8'  i s   t h e   i n l e t  

f o r   t h e   f l u i d   t r a n s f e r   med ium  and  i s   c o n n e c t e d  

to   t h e   o u t l e t   16  of   t h e   m a i n   h e a t   e x c h a n g e r   6 .  

The  o t h e r   end  22  of   t h e   c o i l e d   t u b e   8'  i s   t h e  

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



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

24  i s   m o u n t e d   to   e x t e n d   a c r o s s   t h e   d u c t   2  b e t w e e n  

and  s p a c e d   f r o m   t h e   two  h e a t   e x c h a n g e r s   6  a n d  

18.  The  d i a p h r a g m   24  i s   s u p p o r t e d   by  a  r e c t a n -  

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

s u r f a c e   of   t h e   d u c t   w a l l s   4,  f o r   e x a m p l e ,   b y  

w e l d i n g .   The  w h o l e   p e r i m e t e r   of   t h e   d i a p h r a g m  

24  i s   w e l d e d   o r   o t h e r w i s e   s e a l e d   to   t h e   f r a m e   2 6 .  

The  d i a p h r a g m   24  i s   made  of   a  m a t e r i a l   a n d  

of   a  t h i c k n e s s   s u c h   t h a t   i t   i s   s u b s t a n t i a l l y  

r i g i d   and   r e m a i n s   l e v e l .   F o r   e x a m p l e ,   t h e  

d i a p h r a g m   may  be  made  of   g a l v a n i s e d   s h e e t - m e t a l .  

I f   n e c e s s a r y ,   s u p p o r t s   ( n o t   s h o w n )   may  be  a r r a n g e d  

b e n e a t h   t h e   d i a p h r a g m   24.   An  a r r a y   of   h o l e s   2 7  

( s e e   F i g u r e   2)  a r e   r e g u l a r l y   s p a c e d   o v e r   t h e  

t o t a l   s u r f a c e   a r e a   of  t h e   d i a p h r a g m   24.   P r e f -  

e r a b l y ,   t h e   h o l e s   27  a r e   s i z e d   and  s p a c e d   s u c h  

t h a t   t h e   h o l e s   make  up  a p p r o x i m a t e l y   25%  o f  

t h e   s u r f a c e   a r e a   of   t h e   d i a p h r a g m .  

A  p i p e   28  h a v i n g   an  i n l e t   30  e x t e n d s   a c r o s s  

t h e   d u c t   2  a b o v e   t h e   m a i n   h e a t   e x c h a n g e r   6.  A 

p l u r a l i t y   of   s p r a y   n o z z l e s   32  e a c h   f a c i n g   t h e  

h e a t   e x c h a n g e r   6  a r e   p r o v i d e d   on  t h e   p i p e   2 8 .  

In   a d d i t i o n ,   a  p i p e   34  h a v i n g   an  i n l e t   36  e x t e n d s  

a c r o s s   t h e   d u c t   2  b e l o w   t h e   p e r f o r a t e d   d i a p h r a g m - 2 4 .  



The  p i p e   34  h a s   a  p l u r a l i t y   of   u p w a r d l y   d i r e c t e d  

s p r a y   n o z z l e s   38  and  a  p l u r a l i t y   of   d o w n w a r d l y  

d i r e c t e d   s p r a y   n o z z l e s   40  e a c h   of   w h i c h   i s  

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

n o z z l e   38.   E a c h   of   t h e   n o z z l e s   38  e x t e n d s   t h r o u g h  

a  r e s p e c t i v e   a p e r t u r e   27  i n   t h e   d i a p h r a g m   2 4 .  

In   u s e ,   t h e   d u c t   2  i s   a r r a n g e d   s u c h   t h a t  

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

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

a t e d   by  a r r o w   A.  F o r   e x a m p l e ,   t h e   d u c t   2  c an   b e  

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

p a i n t   s p r a y   b o o t h .  

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

i s   f l o w e d   t h r o u g h   t h e   two  h e a t   e x c h a n g e r s   6  a n d  

18.  The  t r a n s f e r   med ium  e n t e r s   i n l e t   14  a n d  

f l o w s   t h r o u g h   t h e  c o i l   8  t o   t h e   o u t l e t   16,   i t  

s u b s e q u e n t l y   f l o w s   i n t o   t h e   c o i l   8'   t h r o u g h  

i n l e t   20  and  t h e n   f l o w s   o u t   of   t h e   o u t l e t   2 2  

a f t e r   f l o w i n g   t h r o u g h   t h e   c o i l   8 ' .   T h u s ,   i n  

a c c o r d a n c e   w i t h   w e l l - k n o w n   p r i n c i p l e s   t h e   h e a t  

t r a n s f e r   med ium  f l o w s   i n   t h e   d i r e c t i o n   o p p o s i t e  

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

d u c t   2 .  

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

med ium  w i l l   be  e i t h e r   h e a t e d   or   c o o l e d   by  t h e   a i r  



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

be  u s e d   as  r e q u i r e d .   F o r   e x a m p l e ,   w h e r e   t h e  

e x h a u s t   a i r   i s   c o l d   i t   c a n   be  u s e d   to   c o o l   t h e  

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

e n s e r   f l u i d   w i l l   be  t h e   h e a t   t r a n s f e r   m e d i u m  

f l o w i n g   t h r o u g h   t h e   h e a t   e x c h a n g e r s   6  and  1 8 .  

I t   i s   known  t h a t   t h e   h e a t   t r a n s f e r   r a t e   c a n  

be  i m p r o v e d   by  w e t t i n g   t h e   c o i l s   6  and   1 8 .  

A c c o r d i n g l y ,   i n   o p e r a t i o n   a  l i q u i d ,   s u c h   as  w a t e r ,  

i s   f e d   to   t h e   p i p e s   28  and  34  s u c h   t h a t   t h e  

n o z z l e s   32,   38  and  40  s p r a y   w a t e r   o v e r   t h e  

c o i l e d   t u b e s   8  and  8 ' .  

The  w a t e r   s p r a y e d   by  t h e   n o z z l e s   32  and  3 8  

o n t o   t h e   m a i n   h e a t   e x c h a n g e r   6  w i l l   f l o w   o v e r   t h e  

h e a t   e x c h a n g e r   6  and  t h e   d u c t   w a l l s   4  and  w i l l  

c o l l e c t   on  t h e   p e r f o r a t e d   d i a p h r a g m   24.   As  t h e  

a i r   f l o w s   t h r o u g h   t h e   h o l e s   27  i n   t h e   d i a p h r a g m  

h i g h   v e l o c i t y   j e t s   of   a i r   w i l l   be  c r e a t e d .  

T h e s e   j e t s   of   a i r   c a r r y   w a t e r   f r o m   t h e   p l a t e  

i n t o   t h e   h e a t   e x c h a n g e r   6  and   e f f i c i e n t l y   w e t  

t h e   s u r f a c e s   of   t h e   c o i l e d   t u b e   8  and  f i n s   1 0 .  

In   t h e   e m b o d i m e n t   shown  i n   F i g u r e   1  s e v e r a l  

r ows   of   s p r a y   n o z z l e s   32,  38  and  40  a r e   p r o v i d e d .  

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

can   be  p r o v i d e d .   F o r   e x a m p l e ,   one  or   e a c h   row  o f  



n o z z l e s   c o u l d   be  r e p l a c e d   by  an  a r r a y   of   n o z z l e s  

e x t e n d i n g   t r a n s v e r s e l y   a c r o s s  t h e   d u c t .  

A l t e r n a t i v e l y ,   one  or   e a c h   row  of   n o z z l e s   c o u l d  

be  r e p l a c e d   by  a  s i n g l e   n o z z l e .   In   e a c h   c a s e ,  

w h e r e   t h e   n o z z l e s   f a c e   t h e   h e a t   e x c h a n g e r   6  a n d  

a r e   s e p a r a t e d   t h e r e f r o m   by  t h e   p e r f o r a t e d  

d i a p h r a g m   24  s u i t a b l e   a p e r t u r e s   m u s t   be  p r o v i d e d  

i n   t h e   d i a p h r a g m   24  w h i c h   a r e   a l i g n e d   w i t h  

t h e   n o z z l e s .   In   F i g u r e   1,  e a c h   n o z z l e   38  e x t e n d s  

t h r o u g h   one  of   t h e   h o l e s   27  i n   t h e   p e r f o r a t e d  

d i a p h r a g m   24.   H o w e v e r ,   i f   r e q u i r e d ,   a p e r t u r e s  

f o r   t h e   n o z z l e s   may  a d d i t i o n a l l y   be  p r o v i d e d  

i n   t h e   d i a p h r a g m   2 4 .  

F i g u r e   2  s h o w s   a  p l a n   v i e w   of   an  e m b o d i m e n t  

of  t h e   p e r f o r a t e d   d i a p h r a g m   24  f i x e d   i n t o   t h e  

d u c t   by  an  a n g l e   i r o n   f r a m e   26  w e l d e d   to   t h e   d u c t  

w a l l s   4.  The  p l a t e   24  shown  i n   F i g u r e   2  i s  

u s e d   w h e r e   o n l y   a  s i n g l e   s p r a y   n o z z l e   38 '   f a c i n g  

u p w a r d l y   t o w a r d s   t h e   m a i n   h e a t   e x c h a n g e r   6  i s  

p r o v i d e d   i n   p l a c e   of   t h e   row  of   n o z z l e s   3 8  

shown  i n   F i g u r e   1.  The  d i a p h r a g m   24  h a s   a  c e n t r a l  

a p e r t u r e   42  p r o v i d e d   t h e r e i n   and  a l i g n e d   w i t h  

t h e   n o z z l e   3 8 ' .  

F i g u r e   3  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t  

of   t h e   i n v e n t i o n   a n d  i n d i c a t e s   t h e   c i r c u i t s   f o r  



t h e   w a t e r   and  t h e   h e a t   t r a n s f e r   m e d i u m .   In   t h e  

e m b o d i m e n t   shown  i n   F i g u r e   3  a  s i n g l e   h e a t  

e x c h a n g e r   44  i s   m o u n t e d   to   e x t e n d   a c r o s s   t h e  

d u c t   2.  The  h e a t   e x c h a n g e r   44  i s   a  c o i l e d   t u b e  

c o n s t r u c t i o n   and  h a s   an  i n l e t   46  and   an  o u t l e t  

48  f o r   t h e   h e a t   t r a n s f e r   m e d i u m ,   f o r   e x a m p l e ,  

g l y c o l .   The  g l y c o l   f e d   f r o m   t h e   h e a t   e x c h a n g e r  

44  i s   f e d   to   a  d e v i c e   50,  f o r   e x a m p l e ,   a  r e f r i g -  

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

be  u t i l i z e d .   The  g l y c o l   i s   t h e n   r e t u r n e d   t o   a  

r e s e r v o i r   52  f r o m   w h i c h   i t   i s   p u m p e d   by  pump  5 4  

to   t h e  i n l e t   4 6 .  

I n   t h e   e m b o d i m e n t   of  F i g u r e   3  a  s i n g l e  

n o z z l e   56  i s   a r r a n g e d   b e n e a t h   t h e   p e r f o r a t e d  

d i a p h r a g m   24.   T h i s   n o z z l e   56,   w h i c h  f a c e s   t h e  

h e a t   e x c h a n g e r   44,   i s   c o n n e c t e d   t o   r e c e i v e   w a t e r  

f r o m   t h e   m a i n s   by  a  p i p e   58  i n c l u d i n g  a  p u m p   6 0 .  

F i g u r e   4  shows   a  f u r t h e r   e m b o d i m e n t   of   t h e  

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

e x c h a n g e r   44  i s   m o u n t e d   to   e x t e n d   a c r o s s   a  

v e r t i c a l l y   e x t e n d i n g   d u c t   2.  The  p e r f o r a t e d  

d i a p h r a g m   24  i s   m o u n t e d   to   e x t e n d   a c r o s s   t h e  

d u c t   u p s t r e a m   of  t h e   h e a t   e x c h a n g e r   44  b u t   w a t e r  

i s   s p r a y e d   o n t o   t h e   h e a t   e x c h a n g e r   44  f r o m   a  

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



e x c h a n g e r   44  and  f a c i n g   d o w n w a r d l y .   I t   w i l l   b e  

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

s u b s t a n t i a l l y   as  d e s c r i b e d   a b o v e   as  w a t e r  

f l o w i n g   d o w n w a r d l y   o v e r   t h e   h e a t   e x c h a n g e r   4 4  

w i l l   c o l l e c t   on  t h e   d i a p h r a g m   24  and   w i l l   t h e n  

be  c a r r i e d   by  t h e   j e t s   of   a i r   c r e a t e d   by  t h e  

p l a t e   24  i n t o   t h e   h e a t   e x c h a n g e r   to   e f f i c i e n t l y  

we t   t h e   s u r f a c e s   t h e r e o f .  

F i g u r e s   5  and  6  show  f u r t h e r   e m b o d i m e n t s  

of   t h e   a p p a r a t u s   i n   w h i c h   t h e   d u c t   2  i s   a r r a n g e d  

to   e x t e n d   s u b s t a n t i a l l y   h o r i z o n t a l l y .   In   t h e  

e m b o d i m e n t   of   F i g u r e   5  an  a d d i t i o n a l ,   v e r t i c a l l y  

e x t e n d i n g   d u c t   64  i s   c o n n e c t e d   w i t h  t h e   m a i n  

d u c t   and  one  or   more   s p r a y   n o z z l e s   66  f e d   by  a  

p i p e   68  a r e   m o u n t e d   i n  t h e   a d d i t i o n a l   d u c t .  

A c c o r d i n g l y ,   w a t e r   i s   s p r a y e d   d o w n w a r d l y   o v e r  

t h e   h e a t   e x c h a n g e r   44.  The  p e r f o r a t e d   d i a p h r a g m  

24  i s   m o u n t e d   to   e x t e n d   a c r o s s   t h e   d u c t   2  s p a c e d  

f r o m   and   u p s t r e a m   of   t h e   h e a t  e x c h a n g e r   44  i n  

t h e   d i r e c t i o n   o f   a i r   f l o w .   In   t h i s   e m b o d i m e n t ,  

w a t e r   w i l l   n o t   c o l l e c t   on  t h e   d i a p h r a g m   24  b u t  

t h e   d i a p h r a g m   24  w i l l   s t i l l   c r e a t e   j e t s   of   a i r  

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

44.   T h e s e   j e t s   of   a i r   w i l l   p i c k   up  w a t e r   f l o w i n g  

o v e r   t h e   h e a t   e x c h a n g e r   and  t h e r e b y   e n s u r e   t h a t  



t h e   s u r f a c e s   of   t h e   h e a t   e x c h a n g e r   44  a r e  

e f f i c i e n t l y   w e t t e d .  

I n   t h e   e m b o d i m e n t   of   F i g u r e   6  one  or   m o r e  

n o z z l e s   66  a r e   a r r a n g e d   u p s t r e a m   of   t h e   d i a p h r a g m  

24  and   a l i g n e d   w i t h   a p e r t u r e s  t h e r e i n .  

F i g u r e   7  shows   a  p l a n   v i e w   of   t h e   p e r f o r a t e d  

d i a p h r a g m   24  w h i c h   i s   f i t t e d   t i g h t l y   to   t h e   d u c t  

w a l l s   4  and  f i x e d   t h e r e t o ,   f o r   e x a m p l e ,   b y  

w e l d i n g   o r   by  t h e   u s e   of   a  s e a l a n t .   The  j o i n t  

i s   t h e n   s e a l e d   by  a p p l y i n g   a  s t r i p   70  of   a  

w a t e r p r o o f   s e a l a n t .  

In   a l l   t h e   e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   t h e  

p e r f o r a t e d   d i a p h r a g m   24  i s   shown  as  b e i n g   p r o v i d e d  

w i t h   a  s e r i e s   of   e q u a l l y   s i z e d   c i r c u l a r   h o l e s   2 7  

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

d i a p h r a g m   24.   H o w e v e r ,   i t   w i l l   be  a p p r e c i a t e d  

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

p o l y h e d r a l   h o l e s ,   may  be  p r o v i d e d   and  t h e   s i z e  

and  s p a c i n g   of  t h e   h o l e s   may  be  c h o s e n   as  r e q u i r e d .  

F i g u r e   8  shows   a  p l a n   v i e w   of  an  a l t e r n a t i v e  

d i a p h r a g m   124  w h i c h   i s   p e r f o r a t e d   by  a  s e r i e s   o f  

e l o n g a t e   a p e r t u r e s   1 2 7 .  

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

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

p a s s a g e s   f o r  t h e   a i r   u p s t r e a m   of  t h e   h e a t   e x c h a n g e r  



s u c h   t h a t   h i g h   v e l o c i t y   j e t s   of   a i r   a r e   p r o d u c e d .  

F i g u r e s   9  and  9A  show  a  p l a n   v i e w   and  a  s e c t i o n  

of   an  a l t e r n a t i v e   d i a p h r a g m   224  h a v i n g   a  s e r i e s  

of  e l o n g a t e   o r i f i c e s   227 .   E a c h   of   t h e   o r i f i c e s  

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

d i a p h r a g m   s u c h   t h a t   a  f l a n g e   228  e x t e n d i n g  

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

d i a p h r a g m   224  h a s   b e e n   f o r m e d .   As  i s   c l e a r l y  

shown  i n   F i g u r e   9A  e a c h   f l a n g e   228  d e f i n e s   a  

c o n v e r g e n t   a i r   f l o w   p a s s a g e   229 .   The  d i a p h r a g m  

224  i s   a r r a n g e d   s u c h   t h a t   t h e   f l o w   p a s s a g e   2 2 9  

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

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

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

any  f l o w   c o n t r a c t i o n   of   t h e   a i r   j e t s   o n c e   t h e y  

h a v e   l e f t   t h e   f l o w   p a s s a g e s   2 2 9 .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   m e c h a n i c a l  

s t r e n g t h   of   t h e   d i a p h r a g m   can   be  m a i n t a i n e d   e v e n  

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

c o n t i n u o u s   s l o t s   as  i l l u s t r a t e d   i n   F i g u r e s   1 0  

and  11.  F i g u r e s   10  a n d  1 0 A   show  a  p l a n   v i e w  

and  a  s e c t i o n   of   a  d i a p h r a g m   324  h a v i n g   a  n u m b e r  

of   r i g i d   s t r i p s   326  d e f i n i n g   s l o t s   327  t h e r e -  

b e t w e e n .   In   t h e   e m b o d i m e n t   shown  i n   F i g u r e   1 0  

t h e   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of   t h e   s t r i p s  



326  e x t e n d   w i t h i n   t h e   p l a n e   of   t h e   d i a p h r a g m   3 2 4 .  

F i g u r e s   11  and   11A  show  a  p l a n   v i e w   and  a  s e c t i o n  

of   an  a l t e r n a t i v e   d i a p h r a g m   424  h a v i n g   s l o t s   4 2 7  

d e f i n e d   by  s t r i p s   426 .   I n   t h i s   e m b o d i m e n t ,  

t h e   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of   t h e   s t r i p s  

426  c a r r y   f l a n g e s   428  e x t e n d i n g   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   t o   t h e   p l a n e   of  t h e   d i a p h r a g m   4 2 6  

and   d e f i n i n g   c o n v e r g e n t   f l o w   p a s s a g e s   429 .   A s  

shown  i n   F i g u r e   11A  t h e   d i a p h r a g m   426  i s   a r r a n g e d  

s u c h   t h a t   t h e   f l o w   p a s s a g e s   429  c o n v e r g e   i n  

t h e   d i r e c t i o n   of   a i r   f l o w .  

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

F i g u r e s   10  and  11  t h e   n u m b e r   and  w i d t h   of  t h e  

s t r i p s   326 ,   426  can   be  c h o s e n   i n   a c c o r d a n c e   w i t h  

t h e   r e q u i r e d   a r e a   of   f l o w   p a s s a g e s   f o r   t h e   a i r .  

T h e s e   e m b o d i m e n t s   a l s o   e n a b l e   one  o r   more   f l o w  

z o n e s   t o   be  d e f i n e d   s u c h   t h a t   a i r   f l o w   c an   b e  

d i r e c t e d   o n t o   one  or   more   s e l e c t e d   a r e a s   o n  

t h e   f a c e   of   t h e   h e a t   e x c h a n g e r .   I n   t h i s   m a n n e r  

a d v a n t a g e   c an   be  t a k e n   of   v a r y i n g   t e m p e r a t u r e  

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

a r e a s   of   t h e   h e a t   e x c h a n g e r   c o i l .  

In   t h e   e m b o d i m e n t   shown  i n   F i g u r e s   12  a n d  

12A  t h e   d i a p h r a g m   524  i s   p r o v i d e d   w i t h   a  s e r i e s  

of  c i r c u l a r   a p e r t u r e s   527 .   A  c y l i n d r i c a l   w a l l   5 2 8  



i s   f i x e d ,   f o r   e x a m p l e ,   by  w e l d i n g ,   to   t h e   e d g e  

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

529  e x t e n d i n g   p e r p e n d i c u l a r l y   r e l a t i v e   to   t h e  

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

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

s h o u l d   be  s p a c e d   f r o m   t h e   h e a t   e x c h a n g e r   by  a  

p r e d e t e r m i n e d   d i s t a n c e .   F o r   e x a m p l e ,   w h e r e   t h e  

h e a t   e x c h a n g e r   c o i l   h a s   a  c r o s s - s e c t i o n a l   a r e a  

of   t h e   o r d e r   of   2 . 2 m 2   i t   i s   p r e f e r r e d   t h a t   t h e  

d i a p h r a g m   s h o u l d   be  s p a c e d   t h e r e f r o m   by  1 0 0 - 1 2 0   mm. 

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

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

t h e s e   c i r c u m s t a n c e s   t h e   d i a p h r a g m   524  can   b e  

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

e x c h a n g e r   and  t h e   l e n g t h   of   t h e   w a l l s   528  c h o s e n  

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

s i t u a t e d   a t   t h e   r e q u i r e d   d i s t a n c e   f r o m   t h e   h e a t  

e x c h a n g e r .  

I t   may  be  t h a t   t h e   p r e c i s e   p e r f o r m a n c e   o f  

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

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

r e q u i r e d   i n   v i e w   of   v a r i a t i o n s   i n   o t h e r   v a r i a b l e s  

i n   t h e   s y s t e m .   F i g u r e s   13  and  13A  show  a n  

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

a d j u s t a b l y   c o n t r o l   t h e   a i r   f l o w .   The  d i a p h r a g m  



624  of  F i g u r e   13  c o m p r i s e s   a  n u m b e r   of   e l o n g a t e   r i g i d  

s t r i p s   626  e x t e n d i n g   s u b s t a n t i a l l y   p a r a l l e l   to   e a c h  

o t h e r   t r a n s v e r s e l y   of  t h e   d i a p h r a g m   6 2 4 .   A  s p i n d l e  

630  i s   r i g i d l y   a t t a c h e d   to   e a c h   end  of   e a c h   s t r i p  

626  and  e a c h   s p i n d l e   630  i s   p i v o t a b l e   i n   a  r e s p e c t i v e  

b e a r i n g   632  f i x e d   i n   t h e   a n g l e   f r a m e   26.   T h u s ,   t h e  

s t r i p s   626  f o r m   p i v o t a b l e   d a m p e r   b l a d e s .   A  t r a n s -  

v e r s e l y   e x t e n d i n g   f i x e d   s t r i p   634  i s   a l s o   p r o v i d e d  

a t   e a c h   end  of   t h e   d i a p h r a g m   624  and  i s   a t t a c h e d   t o  

t h e   a n g l e   f r a m e   26.   The  b l a d e s   a r e   p i v o t e d   to   p r o -  

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

f l o w   p a s s a g e s   629  a r e   d e f i n e d   b e t w e e n   a d j a c e n t   s t r i p s .  

E v e r y   a l t e r n a t e   a i r   f l o w   p a s s a g e   629  w i l l   c o n v e r g e   i n  

t h e   d i r e c t i o n   of   t h e   a i r   f l o w ,   as  can   be  s e e n   i n  

F i g u r e   13A,  and  t h u s   p r o d u c e   h i g h   v e l o c i t y   j e t s   o f  

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

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

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

d u t y .  

F i g u r e s   14  and  14A  show  a  f u r t h e r   e m b o d i m e n t  

of   a  d i a p h r a g m   724  w h i c h   can   be  u s e d   when  v a r i a t i o n s  

i n   t h e   v e l o c i t y   of   t h e   j e t s   of   a i r   i s   r e q u i r e d .   I n  

t h i s   e m b o d i m e n t ,   t h e   d i a p h r a g m   724  c o m p r i s e s   t w o  

p l a t e s   721  and  722  m o u n t e d   one  on  t o p   of   t h e   o t h e r .  

The  p e r i p h e r y   of  e a c h   p l a t e   721 ,   722  i s   r e c e i v e d  

w i t h i n   a  c h a n n e l   s e c t i o n   f r a m e   726  w h i c h   i s   a t t a c h e d  



to   t h e   d u c t .   The  t o p   p l a t e   721  i s   f i x e d   to   t h e   f r a m e  

726 ,   w h i l s t   t h e   l o w e r   p l a t e   722  i s   s u p p o r t e d   by  t h e  

f rame  726  so  as  to   be  a d j u s t a b l e   r e l a t i v e   to   t h e   t o p  

p l a t e   721 .   T h u s ,   a  n u m b e r   of  b o l t s   730  a r e   a r r a n g e d  

a r o u n d   t h e   f r a m e   726  f o r   u r g i n g   t h e   f r a m e   726  i n t o  

c o n t a c t   w i t h   t h e   l o w e r   p l a t e   722 .   L o o s e n i n g   of   t h e  

b o l t s   730  e n a b l e s   t h e   p o s i t i o n   of  t h e   l o w e r   p l a t e   7 2 2  

r e l a t i v e   to   t h e   u p p e r   p l a t e   721  to   be  a d j u s t e d ,   a n d  

t h e   l o w e r   p l a t e   722  can   t h e n   be  r e t a i n e d   i n   t h e  

a d j u s t e d   p o s i t i o n   by  t i g h t e n i n g   t h e   b o l t s   7 3 0 .   E a c h  

of  t h e   p l a t e s   721  and  722  i s   p r o v i d e d   w i t h   an  a r r a y   o f  

h o l e s   727  o v e r   i t s   a r e a .   P r e f e r a b l y ,   t h e   h o l e s   of   o n e  

p l a t e   s u b s t a n t i a l l y  c o r r e s p o n d   i n   b o t h   s i z e   and  d i s t -  

r i b u t i o n   to   t h e   h o l e s   of  t h e   o t h e r   p l a t e .   I t   w i l l   b e  

a p p a r e n t   t h a t   as  t h e   l o w e r   p l a t e   722  i s   moved   r e l a t i v e  

to   t h e   t o p   p l a t e   721  t h e   a i r   f l o w   p a s s a g e s   d e f i n e d   b y  

t h e   h o l e s   727  w i l l   be  v a r i e d   in   s i z e .  

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

r a t e d   i n   F i g u r e s   8  to   14  a  c e n t r a l   a p e r t u r e   42  i s   p r o -  

v i d e d   t h e r e i n   f o r   a l i g n m e n t   w i t h   a  w a t e r   s p r a y   n o z z l e .  

Of  c o u r s e ,   t h i s   c e n t r a l   a p e r t u r e   42  c an   be  o m i t t e d  

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

a p e r t u r e s   or   s l o t s   p r o v i d e d   i n   t h e   d i a p h r a g m .   F u r t h e r -  

m o r e ,   i n   e a c h   of  t h e   e m b o d i m e n t s   shown  in   F i g u r e s   8  t o  

13  t h e   d i a p h r a g m   i s   i l l u s t r a t e d   as  b e i n g   f i x e d   to   t h e  

d u c t   w a l l   by  an  a n g l e   i r o n .   Of  c o u r s e ,   o t h e r   f i x i n g  

m e a n s   can   be  u s e d   as  r e q u i r e d .  



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

f l o w   and  a  h e a t   e x c h a n g e r ,   c o m p r i s i n g   a  d u c t   (2)   t h r o u g h  

w h i c h   a  f l o w   of   g a s   (A)  can   be  e s t a b l i s h e d ,   and  a  h e a t  

e x c h a n g e r   ( 6 , 4 4 )   m o u n t e d   i n   t h e   d u c t   s u c h   t h a t   t h e   g a s  

f l o w s   t h e r e t h r o u g h ,   c h a r a c t e r i s e d   i n   t h a t   m e a n s   ( 3 2 , 3 8 , 4 0 ,  

5 6 , 6 2 , 6 6 )   a r e   p r o v i d e d   f o r   s p r a y i n g   l i q u i d   w i t h i n   t h e  

d u c t   and  i n   t h a t   m e a n s   ( 2 4 , 1 2 4 , 2 2 4 , 3 2 4 , 4 2 4 , 5 2 4 , 6 2 4 , 7 2 4 )  

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

eam  of   t h e   h e a t   e x c h a n g e r   i n   t h e   d i r e c t i o n   c f   gas   f l o w  

s u c h   t h a t   j e t s   of   g a s   a r e  p r o d u c e d .  

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

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

c o m p r i s e s   a  d i a p h r a g m   ( 2 4 , 1 2 4 , 2 2 4 , 3 2 4 , 4 2 4 , 5 2 4 , 6 2 4 , 7 2 4 )  

m o u n t e d   to   e x t e n d   a c r o s s   t h e   d u c t ,   and  i n   t h a t   a  

p l u r a l i t y   o f   f l o w   p a s s a g e s   ( 2 2 9 ,   4 2 9 , 5 2 9 , 6 2 9 )   e x t e n d   t h r o u g h  

s a i d   d i a p h r a g m .  

3.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   2,  c h a r a c t e r i s e d   i n   t h a t  

a t   l e a s t   one  ( 2 2 9 , 4 2 9 , 6 2 9 )   of   s a i d   f l o w   p a s s a g e s   c o n v e r g e s  

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

4.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   2  or   C l a i m   3,  c h a r a c t e r i s e d  

i n   t h a t   s a i d   d i a p h r a g m   i n c l u d e s   m e a n s   ( 6 2 6 , 6 3 2 : 7 2 1 , 7 2 2 )  

f o r   a d j u s t i n g   t h e   s i z e   of   s a i d   f l o w   p a s s a g e s .  



5.  A p p a r a t u s   as  c l a i m e d   i n  a n y   of   C l a i m s   2  to   4 ,  

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

h a v i n g   a  p l u r a l i t y   of   a p e r t u r e s   ( 2 7 , 1 2 7 , 2 2 7 , 3 2 7 , 4 2 7 , 5 2 7 , 7 2 7 )  

e x t e n d i n g   t h e r e t h r o u g h .  

6.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   5,  c h a r a c t e r i s e d   i n   t h a t  

a p e r t u r e s   of   s a i d   p l a t e   c o m p r i s e   s u b s t a n t i a l l y   25%  of  t h e  

t o t a l   a r e a   of   t h e   p l a t e .  

7.  A p p a r a t u s   as  c l a i m e d   i n   any  of   C l a i m s   2  to   6,  c h a r a c t e r -  

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

e x c h a n g e r   ( 6 , 1 8 , 4 4 ) .  

8.  A p p a r a t u s   as  c l a i m e d   i n   any  of  C l a i m s   2  to   7,  c h a r a c t e r -  

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

d u c t   c o m p r i s e s   one  or   more   n o z z l e s   ( 3 8 , 5 6 , 6 6 )   m o u n t e d   i n  

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

gas   f l o w   and  d i r e c t e d   t o w a r d s   t h e   h e a t   e x c h a n g e r   ( 6 , 4 4 ) ,  

and  i n   t h a t   one  or   more   a p e r t u r e s   ( 2 7 , 4 2 , 1 2 7 , 2 2 7 , 3 2 7 , 4 2 7 ,  

5 2 7 , 6 2 7 , 7 2 7 )   a r e   p r o v i d e d   i n   t h e   d i a p h r a g m ,   t h e   or   e a c h  

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

9.  A p p a r a t u s   as  c l a i m e d   i n   any  of   C l a i m s   2  to   7,  c h a r a c t e r -  

i s e d   i n   t h a t   s a i d   d i a p h r a g m   h a s   one  or  more   a p e r t u r e s   ( 4 2 )  

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

w i t h i n   t h e   d u c t   c o m p r i s e s   one  or   more   n o z z l e s   m o u n t e d   i n  

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

e a c h   n o z z l e   b e i n g   d i r e c t e d   t o w a r d s   t h e   h e a t   e x c h a n g e r   ( 6 , 4 4 ) .  



10.  A p p a r a t u s   as  c l a i m e d   i n   any  of   C l a i m s   2  to   7 ,  

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

w i t h i n   t h e   d u c t   c o m p r i s e s   one  or   more   n o z z l e s   m o u n t e d  

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

( 6 , 4 4 ) ,   t h e   n o z z l e   or   a t   l e a s t   some  of   t h e   n o z z l e s   b e i n g  

d i r e c t e d   t o w a r d s   t h e   h e a t   e x c h a n g e r   ( 6 , 4 4 ) .  

11.  A p p a r a t u s   as  c l a i m e d   i n   any  of   C l a i m s   2  to   1 0 ,  

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

w i t h i n   t h e   d u c t   c o m p r i s e s   one  or   more   n o z z l e s   ( 3 2 )   m o u n t e d  

i n   t h e   d u c t   d o w n s t r e a m   of   t h e   h e a t   e x c h a n g e r   ( 6 , 4 4 )   i n  

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

h e a t   e x c h a n g e r .  

12.   A p p a r a t u s   as  c l a i m e d   i n   any  o f   C l a i m s   2  t o   11,   w h e r e i n  

t h e   d u c t   (2)   i s   d e f i n e d   by  v e r t i c a l l y   e x t e n d i n g   w a l l s   ( 4 ) ,  

c h a r a c t e r i s e d   i n   t h a t  t h e   d i a p h r a g m   ( 2 4 , 1 2 4 , 2 2 4 , 3 2 4 , 4 2 4 , 5 2 4 ,  

6 2 4 , 7 2 4 )   i s   s u b s t a n t i a l l y   r i g i d   and   e x t e n d s   p e r p e n d i c u l a r l y  

w i t h   r e s p e c t   to   t h e   w a l l s   (4)   of  t h e   d u c t ,   and   t h e  

p e r i m e t e r   of   t h e   d i a p h r a g m   i s   s e a l e d   w i t h   r e s p e c t   t o   t h e  

w a l l s   ( 4 ) ,   and  i n   t h a t   s a i d   m e a n s   f o r   e s t a b l i s h i n g   a  g a s  

f l o w   i s   a r r a n g e d   to   e s t a b l i s h   a  gas   f l o w   (A)  u p w a r d l y  

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

h e a t   e x c h a n g e r   ( 6 , 4 4 ) .  

13.  A p p a r a t u s   as  c l a i m e d   i n   any  of   C l a i m s   2  to   1 1 ,  

w h e r e i n   t h e   d u c t   (2)   i s   d e f i n e d   by  h o r i z o n t a l l y   e x t e n d i n g  

w a l l s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   d i a p h r a g m   ( 2 4 , 1 2 4 , 2 2 4 , 3 2 4 ,  

4 2 4 , 5 2 4 , 6 2 4 , 7 2 4 )   i s   s u b s t a n t i a l l y   r i g i d   and  e x t e n d s   p e r p e n -  

d i c u l a r l y   w i t h   r e s p e c t   t o  t h e   w a l l s   of   t h e   d u c t .  



14.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   13,  c h a r a c t e r i s e d   i n  

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

c o m p r i s e s   one  or  more   n o z z l e s   ( 6 6 )   m o u n t e d   a b o v e   t h e  

h e a t   e x c h a n g e r   ( 4 4 )   and  d i r e c t e d   d o w n w a r d l y   t o w a r d s   t h e  

h e a t   e x c h a n g e r .  

15.  A p p a r a t u s   as  c l a i m e d   i n   any  o f   C l a i m s   2  t o 1 4 ,   c h a r a c t -  

e r i s e d   i n   t h a t   a  s e c o n d   h e a t   e x c h a n g e r   ( 1 8 )   i s   m o u n t e d  

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

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

e x c h a n g e r   ( 6 , 4 4 )   u p s t r e a m   i n   t h e   d i r e c t i o n   of   g a s   f l o w ,  

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

h e a t   e x c h a n g e r s .  

16.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   15,  c h a r a c t e r i s e d   i n  

t h a t   t h e   f i r s t   and   s e c o n d   h e a t   e x c h a n g e r s   a r e   c o n n e c t e d  

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

m e d i u m   t h e r e t o .  

17.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   15  or   C l a i m   1 6 ,  

c h a r a c t e r i s e d   i n   t h a t   e a c h   of   s a i d   f i r s t   and  s e c o n d   h e a t  

e x c h a n g e r s   c o m p r i s e s   a  c o i l e d   t u b e   (8 ,   8 1 ) ,   and  i n   t h a t  

f i n s   ( 1 0 , 1 0 ' )   a r e   p r o v i d e d   on  t h e   c o i l e d   t u b e   of   e a c h  

h e a t   e x c h a n g e r .  

18.  A p p a r a t u s   as  c l a i m e d   i n   C l a i m   17,  c h a r a c t e r i s e d   i n  

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

c o m p r i s e s   one  or   more   n o z z l e s   ( 4 0 )   m o u n t e d   u p s t r e a m   of   t h e  

d i a p h r a g m   and  d i r e c t e d   t o w a r d s   t h e   s e c o n d   h e a t   e x c h a n g e r .  
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