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Improved  heat  exchanger. 
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A  heat  exchanger  with  dual  sealing  elements  through 
which  a  circulating  fluid  is  circulated.  The  circulating  fluid 
can  be  used  for  leak  detection,  cooling  sterilisation  or  other 
uses.  The  exchanger  comprises  a  plurality  of  coaxially  ar- 
ranged  tubes  (4)  of  thermally  conductive  material,  the  tubes 
being  spaced  apart  radially  by  a  pair  of  end  manifolds  (2) 
to  form  annular  fluid  flow  passages  at  least  one  of  the 
manifolds  (2)  having  first  and  second  sealing  elements  (25) 
for  forming  seals  between  the  manifold  (2)  and  the  ends  of 
the  tubes  (4),  circumferential  fluid  passages  (30)  being  de- 
fined  between  the  first  and  second  sealing  elements  (25), 
circulating  fluid  inlet  means  (32,  18,  34)  for  admitting  a 
circulating  fluid  at  first  locations  in  said  passages  (30),  and 
circulating  fluid  outlet  means  (36,  19,  38),  for  discharge  of 
the  circulating  fluid  at  second  locations  in  the  passages  (30), 
the  first  and  second  locations  being  circumferentially 
spaced  for  each  passage  (30). 



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

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

U.  S.  P a t e n t   No.  4 , 1 4 6 , 0 8 8 .  

The  a f o r e m e n t i o n e d   U n i t e d   S t a t e s   P a t e n t  

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

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

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

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

end   m a n i f o l d s   i n c l u d e   O - r i n g s   w h i c h   s e a l i n g l y   e n g a g e  
t h e   i n n e r   s u r f a c e s   o f   t h e   e n d s   o f   t h e   c u b e s .  

The  p r e s e n t   i n v e n t i o n   c o n c e r n s   a  m o d i f i c a t i o n  

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

i n   s e v e r a l   w a y s .   B a s i c a l l y ,   t h e   i n v e n t i o n   p r o v i d e s  

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

r e g i o n   b e t w e e n   t h e   O - r i n g   o r   r i n g s   and   t h e   e n d s   o f   t h e  

t u b e s .   S u c h   p u r g i n g   f l o w   c a n   f i r s t l y   f u n c t i o n   as   a  

c o o l a n t   f o r   c o o l i n g   t h e   O - r i n g s   a n d   t h e r e b y   m a k i n g   t h e  

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

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

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

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

f l u i d s   w h e r e b y   i f   t h e r e   i s   a  l e a k   b e t w e e n   t h e   O - r i n g s  

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

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

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



A l t e r n a t i v e l y ,   t h e   p u r g i n g   f l u i d   c o u l d   be  k e p t   a t  

r e l a t i v e l y   low  p r e s s u r e   and   a  m o n i t o r i n g   s y s t e m   p r o v i d e d  

to   d e t e c t   t h e   p r e s e n c e   o f   e i t h e r   or   b o t h   o f   t h e   h e a t  

e x c h a n g e r   f l u i d s   in   t h e   p u r g i n g   f l u i d .   T h u s ,   i f   one   o r  

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

w i l l   be  i n d i c a t i v e   o f   a  b r o k e n   or   d a m a g e d   O - r i n g   s e a l .  

A l s o   t h e   p u r g i n g   f l u i d   c o u l d   s t e r i l i z e   t h e   p a s s a g e  
b e t w e e n   t h e   O - r i n g s   t h u s   e l i m i n a t i n g   b i o l o g i c a l  

c o n t a m i n a t i o n   i n   t h e   e v e n t   o f   a  d a m a g e d   s e a l .  

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

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

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

r a d i a l l y   by  a  p a i r   of   e n d  m a n i f o l d s   to   f o r m   a n n u l a r  

f l u i d   f l o w   p a s s a g e s   a t   l e a s t   one   of   s a i d   m a n i f o l d s  

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

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

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

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

at   f i r s t   l o c a t i o n s   in   s a i d   p a s s a g e s ,   and   c i r c u l a t i n g  

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

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

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

f o r   e a c h   p a s s a g e .  

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

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

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

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

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

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

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

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



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

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

t h e   t h i r d   f l o w   p a t h   to  d e t e c t   t r a c e s   o f   t h e   f i r s t   o r  

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

The  i n v e n t i o n   w i l l   now  be  more   f u l l y  

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  

in   w h i c h :  

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

t h r o u g h   p a r t   of   a  h e a t   e x c h a n g e r   c o n s t r u c t e d   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 u r e   2  i s   a  c r o s s   s e c t i o n a l   v i e w   t a k e n  

a l o n g   t h e   l i n e   2 -2   m a r k e d   on  F i g u r e   1 ,  

F i g u r e   3  i s   a  more   d e t a i l e d   v i e w   of   p a r t  

of   t h e   e x c h a n g e r ,   a n d  

F i g u r e   4  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g  

t h e   l i n e   4 - 4 .  

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

c o m p r i s e s   a  p a i r   of  e n d   m a n i f o l d s   2  b e t w e e n   w h i c h  

c o n c e n t r i c   h e a t   c o n d u c t i n g   t u b e s   4  a r e   d i s p o s e d .   T h e  

m a n i f o l d s   h a v e   a  c e n t r a l   b o r e   6  t h r o u g h   w h i c h   a  l o n g  

t e n s i o n   b o l t   7  c an   p a s s   t h e r e t h r o u g h   and   be  u s e d   t o  

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

i l l u s t r a t e d   a r r a n g e m e n t   t h e r e   a r e   f i v e   t u b e s   4  e a c h  o f  

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

may  be  p r o v i d e d   w i t h   h e l i c a l   g r o o v i n g   ( n o t   s h o w n )   o n  

i t s   c y l i n d r i c a l   w a l l   so  as  to  i m p r o v e   h e a t   t r a n s f e r  

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

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

B o t h   end   m a n i f o l d s   2  f o r   t h e   h e a t   e x c h a n g e r  

a r e   t h e   same  and  a c c o r d i n g l y   i t   i s   o n l y   n e c e s s a r y   t o  

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



As  b e s t   s e e n   in   F i g u r e s   1  and   3,  e a c h  

m a n i f o l d   c o m p r i s e s   a  g e n e r a l l y   c o n i c a l   b o d y   p o r t i o n   8 

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

10  and   12.   The  s p i g o t s   10  and   12  p e r m i t   c o n n e c t i o n   o f  

f l u i d   c o n d u i t s   to   t h e   end   m a n i f o l d   by  c o n v e n t i o n a l   m e a n s .  

The  s p i g o t s   10  and   12  c an   be  u s e d   i n t e r c h a n g a b l y   as   i n l e t  

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

be  a s s u m e d   t h a t   t h e   s p i g o t   10  i s   u s e d   as   an  i n l e t   f o r  

a  f i r s t   h e a t   t r a n s f e r   f l u i d   and   t h e   s p i g o t   12  i s   u s e d  

as   an  o u t l e t   f o r   t h e   s e c o n d   h e a t   t r a n s f e r   f l u i d .   T h e  

body   p o r t i o n   8  i n c l u d e s   i n l e t   c h a m b e r   14  and   an  o u t l e t  

c h a m b e r   16  i n   c o m m u n i c a t i o n   r e s p e c t i v e l y   w i t h   t h e  

s p i g o t s   10  a n d   12.   The  c o n i c a l   p o r t i o n   8  f u r t h e r  

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

s e p a r a t e   c h a m b e r s   18  and   19  by  a  t u b e   21,   t h e   e n d s   o f  

t h e   t u b e   21  p a s s i n g   t h r o u g h   t h e   b o r e   6  and   b e i n g   w e l d e d  

t h e r e t o .  

The  o u t e r   s u r f a c e   o f   t h e   b o d y   p o r t i o n   8  o f  

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

p o r t i o n s   20  w h i c h   a r e  s p a c e d   a x i a l l y   a l o n g   t h e   b o d y  

p o r t i o n   and  a r e   a d a p t e d   t o   be  i n s e r t e d   w i t h i n   r e s p e c t i v e  

e n d s   o f   t h e   t u b e s   4,  t h e   c y l i n d r i c a l   p o r t i o n s   20  b e i n g  

i n t e r c o n n e c t e d   by  t a p e r i n g   t r a n s i t i o n   p o r t i o n s .   E a c h  

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

f o r   r e c e i p t   o f   O - r i n g s   25  f o r   f o r m i n g   p o s i t i v e   s e a l s  

w i t h   t h e   i n n e r   s u r f a c e s   of   t h e   t u b e s   4.  A  s h o u l d e r   i s  

f o r m e d   a t   t h e   end   of   e a c h   of   t h e   c y l i n d r i c a l   p o r t i o n s   2 0  

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

4  b e a r .  

F l u i d   c h a m b e r s   14  and   16  a r e   c o n n e c t e d   to   t h e  

a n n u l a r   f l u i d   p a s s a g e s   d e f i n e d   b e t w e e n   a d j a c e n t   t u b e s   4 

by  way  o f   r a d i a l   r e c e s s e s   28  and   29  f o r m e d   i n t o   t h e  



t r a n s i t i o n   p o r t i o n s   as   b e s t   s e e n   i n   F i g u r e   1 .  

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  

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

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

25.   G r o o v e s   30  a r e   f o r m e d   in   t h e   body   p o r t i o n   8  b e t w e e n  

t h e   p a i r s   o f   O - r i n g s   25  so  as  to   f o r m   c i r c u m f e r e n t i a l  

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

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

d u c t   32  o p e n s   i n t o   t h e   c h a m b e r   18  w h i c h   h a s   a  n u m b e r  

of   g e n e r a l l y   r a d i a l   i n l e t   d u c t s   34  w h i c h   c o m m u n i c a t e  

w i t h   r e s p e c t i v e   g r o o v e s   30.  On  t h e   o p p o s i t e   s i d e   o f  

t h e   body   p o r t i o n   8,  t h e r e   i s   f o r m e d   a  p u r g i n g   f l u i d  

o u t l e t   d u c t   36  w h i c h   o p e n s   i n t o   t h e   c h a m b e r   19  w h i c h   h a s  

a  n u m b e r   of   g e n e r a l l y   r a d i a l   r e t u r n   p a s s a g e s   38  f r o m  

t h e   g r o o v e s   30.  As  b e s t   s e e n   i n   F i g u r e   4  t h e   p u r g i n g  

f l u i d   w i l l   t h e n   f l o w   f r o m   t h e   c h a m b e r   18  t h r o u g h   t h e  

p a s s a g e s   34  t h e n   f o l l o w   g e n e r a l l y   s e m i - c i r c u l a r   p a t h s  

a l o n g   t h e   g r o o v e s   30  and   b e t w e e n   t h e   p a i r s   o f   O - r i n g s  

25.  The  f l u i d   w i l l   t h e n   f l o w   i n t o   t h e   r e t u r n   p a s s a g e s  
38  to   t h e   r e t u r n   c h a m b e r   1 9 .  

In  one   a p p l i c a t i o n   t h e   p u r g i n g   f l u i d   c an   b e  

u s e d   as   a  c o o l a n t   to   c o o l   t h e   O - r i n g s   25  to   t h e r e b y  

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

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

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

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

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

so  t h a t   s h o u l d   t h e r e   be  any  l e a k a g e   a t   t h e   O - r i n g s   2 5  

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

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

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



A l t e r n a t i v e l y ,   t h e   p u r g i n g   f l u i d   may  b e  

c i r c u l a t e d   a t   r e l a t i v e l y   low  p r e s s u r e   c o m p a r e d   t o   t h e  

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

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

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

an  e f f e c t i v e   m e a n s   o f   d e t e c t i n g   a  b r o k e n   o r   d a m a g e d  

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

i n   F i g u r e   2  w h i c h   s h o w s   a  p u r g i n g   f l u i d   s u p p l y   5 0  

c o n n e c t e d   by  a  c o n d u i t   52  to   t h e   i n l e t   d u c t   32  a n d   a  

p u r g i n g   f l u i d .   a n a l y s e r   54  c o n n e c t e d   by  a  c o n d u i t   5 6  

to   t h e   o u t l e t   d u c t   36 .   The  a n a l y s e r   m o n i t o r s   t h e  

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

t h r o u g h   t h e   i n l e t   10  a n d   o u t l e t   12  o f   t h e   e x c h a n g e r .  

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

o r   p e r i o d i c a l l y .   T h e r e   may  be  a  r e t u r n   p a t h   f o r  

p u r g i n g   f l u i d   f r o m   t h e   a n a l y s e r   54  to   t h e   s u p p l y   5 0 .  

Many  m o d i f i c a t i o n s   w i l l   be  a p p a r e n t   t o  

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

s p i r i t   a n d   s c o p e   of   t h e   i n v e n t i o n .   F o r   i n s t a n c e   t h e  

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

e x c h a n g e r   d i s c l o s e d   i n   A u s t r a l i a n   P a t e n t   No.  4 8 9 7 5 5   o r  

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

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



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

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

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

r a d i a l l y   by  a  p a i r   of   end   m a n i f o l d s   (2)  to   f o r m   a n n u l a r  

f l u i d   f l o w   p a s s a g e s   a t   l e a s t   one   of   s a i d   m a n i f o l d s   ( 2 )  

h a v i n g   f i r s t   a n d   s e c o n d   s e a l i n g   e l e m e n t s   (25)  f o r   f o r m i n g  

s e a l s   b e t w e e n   t h e   m a n i f o l d   (2)  and   t h e   e n d s   of   t h e  

t u b e s   ( 4 ) ,   c i r c u m f e r e n t i a l   f l u i d   p a s s a g e s   (30)  b e i n g  

d e f i n 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   s e a l i n g   e l e m e n t s  

( 2 5 ) ,   c h a r a c t e r i s e d   by  t h e   p r o v i s i o n   o f   c i r c u l a t i n g  

f l u i d   i n l e t   m e a n s   (32 ,   18,  34)  f o r   a d m i t t i n g   a  

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

( 3 0 ) ,   and   c i r c u l a t i n g   f l u i d   o u t l e t   m e a n s   (36,   19,  3 8 )  

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

l o c a t i o n s   i n   s a i d   p a s s a g e s   ( 3 0 ) ,   t h e   f i r s t   and   s e c o n d  

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

p a s s a g e   ( 3 0 ) .  

2.  A  h e a t   e x c h a n g e r   as  c l a i m e d   i n   C l a i m   1 

i n c l u d i n g   c i r c u l a t i n g   f l u i d   s u p p l y   means   (50)  f o r  

s u p p l y i n g   c i r c u l a t i n g   f l u i d   t o   s a i d   c i r c u l a t i n g   f l u i d  

i n l e t  m e a n s   (32 ,   18,  3 4 ) ,   and   f l u i d   a n a l y s i n g  m e a n s   ( 5 4 )  

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

o u t l e t   m e a n s   (36 ,   19,   38)  c h a r a c t e r i s e d   i n   t h a t   s a i d  

a n a l y s i n g   m e a n s   (54)  i s   a r r a n g e d   to   d e t e c t   t h e   p r e s e n c e  
in   s a i d   c i r c u l a t i n g   f l u i d   t r a c e s   of   f l u i d   l e a k e d   i n t o  

s a i d   p a s s a g e s   (30)  f r o m   s a i d   a n n u l a r   f l u i d   f l o w  

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

3.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in   C l a i m   1  o r   2 

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   l o c a t i o n s  

f o r   e a c h   p a s s a g e   (30)  a r e   on  d i a m e t r i c a l l y   o p p o s i t e  

s i d e s   of   t h e   m a n i f o l d   ( 2 ) .  



4.  A  h e a t   e x c h a n g e r   as  c l a i m e d   i n   C l a i m   1,  2 

o r   3  w h e r e i n   t h e   m a n i f o l d   (2)  i s   g e n e r a l l y   c o n i c a l   i n  

s h a p e   a n d   t h e   s e a l i n g   e l e m e n t s   (25)  s e a l i n g l y   e n g a g i n g  

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

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

p a s s a g e s   (30)  a r e   f o r m e d   by  c i r c u m f e r e n t i a l   g r o o v e s  
(30)  f o r m e d   i n t o   t h e   o u t e r   s u r f a c e s   o f   t h e   m a n i f o l d   ( 2 ) .  

5 .   A  h e a t   e x c h a n g e r   as   c l a i m e d   i n   C l a i m   4 

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

m e a n s   (32 ,   18,   34)  i n c l u d e s   g e n e r a l l y   r a d i a l   i n l e t  

d u c t s   (34)  w h i c h   e x t e n d   f r o m   an  i n l e t   c h a m b e r   ( 1 8 )  

f o r m e d   w i t h i n   t h e   m a n i f o l d   (2)  to   s a i d   f i r s t   l o c a t i o n s  

in   s a i d   p a s s a g e s   (30)  and   w h e r e i n   s a i d   c i r c u l a t i n g  

f l u i d   o u t l e t  m e a n s   (36 ,   19,   38)  i n c l u d e s   g e n e r a l l y  

r a d i a l   o u t l e t   d u c t s   (38)  w h i c h   e x t e n d   f r o m   an  o u t l e t  

c h a m b e r  ( 1 9 )   f o r m e d   w i t h i n   t h e   m a n i f o l d   (2)  to   s a i d  

s e c o n d   l o c a t i o n s   i n   s a i d   p a s s a g e s   ( 3 0 ) .  

6.  A  h e a t   e x c h a n g e r   as  c l a i m e d   i n   any   one   o f  

C l a i m s   1  t o  5   c h a r a c t e r i s e d   i n   t h a t   b o t h   m a n i f o l d s   ( 2 )  

a r e   i d e n t i c a l .  

7.  A  m e t h o d   o f   e x c h a n g i n g   h e a t   b e t w e e n   a  f i r s t  

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

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

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

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

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

a n d   s e c o n d   s e a l i n g   e l e m e n t s   ( 2 5 ) ,   t h e r e   b e i n g   a  t h i r d  

f l u i d   f l o w   p a t h   (30)  d e f i n e d   b e t w e e n   s a i d   f i r s t   a n d  

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

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

f l o w   p a t h .   ( 3 0 )  .  



8.  A  m e t h o d   as  c l a i m e d   in   C l a i m   7  c h a r a c t e r i s e d  

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

d i s c h a r g e d   f r o m   t h e   t h i r d   f l o w   p a t h   (30)  to   d e t e c t  

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