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£4)  Improvements  in  or  relating  to  tube  heat  exchangers. 

(57)  Tube  heat  exchangers  which  can  be  used  at  tempera- 
tures  much  in  excess  of  230°C  comprise  a  stack  of  tubes  (1) 

Croydon  Printing  Company  Ltd. 

  Tube  heat  exchangers  which  can  be  used  at  tempera- 
tures  much  in  excess  of  230°C  comprise  a  stack  of  tubes  (1) 
held  at  their  respective  ends  in  plates  (2,3)  formed  of  fibrous 
refractory  paste  (4)  set  around  the  tubes. 



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

by  w h i c h   is   m e a n t   h e a t   e x c h a n g e r s   c o m p r i s i n g   a  s t a c k   o f  

t u b e s   w h i c h   a r e   h e l d   a t   t h e i r   r e s p e c t i v e   ends   in  a  

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

h a v i n g   an  i n l e t   and  an  o u t l e t   f o r   a  f l u i d   medium  t o  

t r a v e l   a c r o s s   t he   s t a c k   of  t u b e s   and  an  i n l e t   and  a n  

o u t l e t   f o r   a  f l u i d   medium  to  p a s s   t h r o u g h   t h e   t u b e s  

t h e m s e l v e s .  

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

may  e i t h e r   be  g a s / l i q u i d   h e a t   e x c h a n g e r s   in  w h i c h   l i q u i d  

i s   p a s s e d   t h r o u g h   t he   t u b e s   and  a  gas  t r a v e l s   a c r o s s   t h e  

s t a c k   of  t u b e s ,   i . e .   e x t e r n a l l y   of  t he   t u b e s   t h e m s e l v e s ,  

or  a  g a s / g a s   h e a t   e x c h a n g e r   in  w h i c h   a  f i r s t   gas  p a s s e s  

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

s t a c k   of  t u b e s .   With  g a s / g a s   h e a t   e x c h a n g e r s ,   i t   i s  

common  p r a c t i c e   f o r   t h e   t u b e s   to  be  f o r m e d   of  a  

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

t e m p e r a t u r e s   of  up  to  a b o u t   500°C .   In  p r a c t i c e ,  

h o w e v e r ,   t h e   g a s e s   e m p l o y e d   g e n e r a l l y   have  to  e x i s t   a t  

c o n s i d e r a b l y   l o w e r   t e m p e r a t u r e s ,   g e n e r a l l y   no t   more  t h a n  

a b o u t   230°C.   T h i s   is   b e c a u s e   t he   g l a s s   t u b e s   p a s s  

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

a t   t h e i r  r e s p e c t i v e   e n d s   and  a r e   s e a l e d   a t   t h e   p l a t e s   b y  

means   of  a  r e s i n   l a y e r   on  t h e   m e t a l   p l a t e s   c a s t   a r o u n d  

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

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

do  no t   w i t h s t a n d   t e m p e r a t u r e s   much  above   230°C.   An 

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

d i s c l o s e d   in  U.K.  P a t e n t   S p e c i f i c a t i o n   N o . 1 , 5 5 2 , 2 0 1 .  

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

have   a  t e n d e n c y   to  be  a t t a c k e d   by  many  c h e m i c a l s ,   s u c h  

as  s u l p h u r o u s   a c i d s   wh ich   may  be  p r e s e n t   in  t he   g a s e s  

p a s s e d   a c r o s s   the   s t a c k   of  t u b e s   to  g i v e   up  t h e i r   h e a t  

c o n t e n t   to  the   g a s e s   f l o w i n g   t h r o u g h   the   t u b e s .   In  a n  

a t t e m p t   to  o v e r c o m e   t h i s   p r o b l e m ,   U.K.  P a t e n t  

S p e c i f i c a t i o n   N o . 2 , 0 0 9 , 9 1 4   p r o p o s e s   t he   p r o v i s i o n   of  a  



l a y e r   of  a c i d   and  h e a t   r e s i s t a n t   m a t e r i a l   s u c h   a s  

m i n e r a l   wool   or  g l a s s   wool   to  a l l o w   t h e   r e s i n   to  b e  

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

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

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

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

a d o p t i o n   of  g a s / g a s   h e a t   e x c h a n g e r s   in  i n d u s t r y   w h e r e   i t  

i s   g e n e r a l l y   d e s i r e d   to   be  a b l e   to   e m p l o y   such   h e a t  

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

p e r m i t t e d   by  g l a s s   or  a t   even   h i g h e r   t e m p e r a t u r e s   i f   t h e  

t u b e s   a r e   f o r m e d   of  g l a s s   c e r a m i c   m a t e r i a l s   s u c h   as  t h e  

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

t r a d e   mark   V i c o r   w h i c h   a r e   a b l e   to  w i t h s t a n d  

t e m p e r a t u r e s   of  up  to  1 0 0 0 ° C .  

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

t u b e   h e a t   e x c h a n g e r   u n i t   c o n s t r u c t i o n   of  such   a  t y p e  

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

and  u n d e r   a g g r e s s i v e   c o n d i t i o n s .  

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

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

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

h a v i n g   an  i n l e t   and  an  o u t l e t   f o r   a  f l u i d   medium  t o  

t r a v e l   a c r o s s   t h e   s t a c k   of  t u b e s   and  an  i n l e t   and  a n  .  

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

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

a r o u n d   t h e   t u b e s   of  s a i d   s t a c k .  

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

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

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

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

w h i c h   can  be  s e t   t h e r e a r o u n d .   M o r e o v e r ,   t h e r e   a r e   a l s o  

a v a i l a b l e   f i b r e - c o n t a i n i n g   r e f r a c t o r y   p a s t e s   (and  p l a t e s  

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

t e m p e r a t u r e s   a b o v e   1000°C  and  w h i c h   t h e r e f o r e   e n a b l e   t h e  

use   of  g l a s s   c e r a m i c   t u b e s   l i k e w i s e   c a p a b l e   o f  

w i t h s t a n d i n g   such   t e m p e r a t u r e s   to  t a k e   p l a c e   so  t h a t  



g a s / g a s   h e a t   e x c h a n g e   can  t a k e   p l a c e   a t   t e m p e r a t u r e s   o f  

up  to  a b o u t   1 0 0 0 ° C .   The  f i b r e - c o n t a i n i n g   r e f r a c t o r y  

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

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

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

g l a s s   or  g l a s s   c e r a m i c   m a t e r i a l   and  t h e   t u b u l a r   h e a t  

e x c h a n g e r   may  be  p r o d u c e d   in  s i m p l e   m a n n e r   by  h o l d i n g  

t h e   t u b e s   in  t h e   r e q u i r e d   d i s p o s i t i o n   in  h o l e s   i n  

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

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

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

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

to   fo rm  a  m o u l d   w h i c h   may  be  f i l l e d   w i t h   r e f r a c t o r y  

p a s t e   w h i c h   upon  d r y i n g ,   and  r e m o v a l   of  t he   s i d e   w a l l s ,  

f o r m s   t h e   r e s p e c t i v e   end  p l a t e s   w h i c h   w i l l   e a c h   be  a  

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

b e t w e e n   a  p a i r   of  f i b r e - c o n t a i n i n g   r e f r a c t o r y   b o a r d s .  

R e f r a c t o r y   p a s t e s   e m p l o y e d   in  t h e   p r a c t i c e   of  t h e  

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

in  a  c e r a m i c   m a t r i x .   Such  m a t e r i a l   is   c o r r o s i o n  

r e s i s t a n t   to  f o r   e x a m p l e   s u l p h u r o u s   g a s e s   such   as  may  b e  

p r e s e n t   in  w a s t e   g a s e s   f rom  c o m b u s t i o n   p l a n t .   M o r e o v e r  

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

f rom  t h e   f i b r e - c o n t a i n i n g   r e f r a c t o r y   p a s t e   w i l l   b e  

r e l a t i v e l y   f l e x i b l e   a b o u t   t he   t u b e s   bu t   p e r h a p s   l e s s  

f l e x i b l e   t h a n   a  s i l i c o n e   r e s i n   s e a l .   N e v e r t h e l e s s  

t h e r m a l   s t r e s s i n g   i s   not   g e n e r a l l y   a  s i g n i f i c a n t   p r o b l e m  

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

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

s i m i l a r   c o e f f i c i e n t s   of  e x p a n s i o n .  

The  o p e r a t i n g   t e m p e r a t u r e   of  a  t u b e   h e a t  

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

of  t he   m a t e r i a l   of  t he   t u b e s ,   w i l l   d e p e n d   upon  t h e  

c o n s t i t u t i o n   of  t he   c a s t   f i b r o u s   r e f r a c t o r y   p a s t e   a n d  

more   p a r t i c u l a r l y   t h e   r e f r a c t o r y   f i b r e   c o n t e n t   t h e r e o f .  

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

t h e i r   m a j o r   c o n s t i t u e n t   and  i t   is   t h e   p r o p o r t i o n   o f  



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

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

e m p l o y e d .   In  g e n e r a l ,   t h e r e   w i l l   be  e m p l o y e d   30  to  7 0  

p a r t s   by  w e i g h t   of  a l u m i n a ,   70  to   30  p a r t s   by  w e i g h t   o f  

s i l i c a   and  m i n o r   a m o u n t s   of  t i t a n i a   (up  to  a b o u t   2  p a r t s  

by  w e i g h t ) ,   i r o n   o x i d e   (up  to   a b o u t   1 .3   p a r t s   b y  
w e i g h t ) ,   c a l c i u m   o x i d e / m a g n e s i u m   o x i d e   (About   0 .2   p a r t s  

by  w e i g h t ) ,   a l k a l i   m e t a l   o x i d e s   (up  to   a b o u t   0.6  p a r t s  

by  w e i g h t   e x p r e s s e d   as  Na20)  and  t r a c e   q u a n t i t i e s   o f  

b o r i c   o x i d e .   The  c e m e n t   c o m p o s i t i o n   may  be  one  of  t h e  

a i r   s e t t i n g   c e r a m i c   f i b r e   and  i n e r t   b i n d e r   b a s e d  

c o m p o s i t i o n s   c o m m e r c i a l l y   a v a i l a b l e   in  t he   U n i t e d  

Kingdom  u n d e r   t he   name  " M a c k e c h n i e   P r e - m i x " .   A 

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

has  a  maximum  c o n t i n u o u s   w o r k i n g   t e m p e r a t u r e   of  1 2 6 0 ° C  

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

f o l l o w i n g   c o m p o s i t i o n :  

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

w h i c h   can  be  t r o w e l l e d   or  hand  m o u l d e d   and  w i l l   r e a d i l y  

a d h e r e   to  most   s u r f a c e s   w i t h   t h e   e x c e p t i o n   o f  

p o l y e t h y l e n e   f i l m .   M o u l d e d   b o d i e s   of  t h i s   p r e - m i x   w i l l  

a i r   d ry   to  l e a v e   a  p r o d u c t   h a v i n g   low  d r y i n g   s h r i n k a g e  

and  h i g h l y   r e s i s t a n t   to  t h e r m a l   s h o c k .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n   a n d  

to  show  how  the   same  can  be  c a r r i e d   i n t o   e f f e c t ,  

r e f e r e n c e   w i l l   now  be  made  by  way  of  e x a m p l e   o n l y   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  is   a  p e r s p e c t i v e   v i ew  of  a  t u b e   h e a t  

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

F i g u r e   2  is   an  e l e v a t i o n a l   v i ew  of  the   h e a t  

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



R e f e r r i n g   to  F i g u r e   1  of  t h e   d r a w i n g s ,   a  

p l u r a l i t y   of  b o r o s i l i c a t e   g l a s s   t u b e s   1  a r r a n g e d   in  a  

r e g u l a r   r e c t a n g u l a r   a r r a y   a r e   s e t   in  end  t u b e   p l a t e s   2 

and  3  r e s p e c t i v e l y .   T h e s e   t u b e   p l a t e s   a r e   a  c o m p o s i t e  

f o r m e d   of  c a s t   f i b r o u s   r e f r a c t o r y   p a s t e   4,  n a m e l y  

M a c k e c h n i e   P r e - m i x ,   and  p r e f o r m e d   i n n e r   and  o u t e r   r e f -  

r a c t o r y   b o a r d s   5  and  6  r e s p e c t i v e l y ,   as  a f o r e m e n t i o n e d .  

The  a f o r e m e n t i o n e d   p r o c e d u r e   f o r   t he   m a n u f a c t u r e  

of  a  t u b e   h e a t   e x c h a n g e r   of  a  t y p e   shown  in  F i g u r e   1 

w i l l   now  be  i l l u s t r a t e d   w i t h   r e f e r e n c e   to   F i g u r e   2  w h i c h  

shows  in  t h e i r   a s s e m b l e d   c o n d i t i o n   t h e   s t r u c t u r a l  

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

e x c h a n g e r .   As  w i l l   be  a p p a r e n t   f rom  t he   f o l l o w i n g  

d e s c r i p t i o n   in  p r a c t i c e ,   no t   a l l   t he   p a r t s   shown  a r e  

p r e s e n t   a t   a n y  o n e   t i m e .  

In  a  f i r s t   s t e p ,   t h e r e   is   a t t a c h e d   to  e a c h   end  o f  

s u p p o r t i n g   b a r s   12  w h i c h   a r e   c l a m p e d   to  a  c e n t r a l   p i v o t  

13  a  s t e e l   f r a m e   work  f o r m e d   in  s i t u   f rom  f o u r  

n o n - w e t t i n g   s i d e w a l l s   11.  At  t h i s   s t a g e   t he   a s s e m b l y ,  

w h i c h   has  been   c o n s t r u c t e d   is   h o r i z o n t a l l y   d i s p o s e d   a s  

shown.   R e f r a c t o r y   b o a r d s   5  a r e   i n s e r t e d   i n t o   e a c h   e n d  

f r a m e   11  and  h e l d   in  p l a c e   by  means  of  g r i d   f r a m e  

s u p p o r t   14.  An  end  p l a t e   15A  is  a t t a c h e d   to  one  e n d  

f r a m e w o r k .   Tubes   1  a r e   p a s s e d   t h r o u g h   h o l e s   in  t h e  

r e f r a c t o r y   b o a r d s   5  w i t h   t h e i r   l e a d i n g   ends   c o m i n g   t o  

t e r m i n a t e   a t   or  a d j a c e n t   t h e   end  p l a t e   15A.  T h e  

a s s e m b l y   is  t h e n   t i l t e d   to  an  a n g l e   of  a p p r o x i m a t e l y   4 5 °  

to  t he   h o r i z o n t a l   w i t h   end  p l a t e   15A  b e i n g   a t   t h e  

l o w e r m o s t   p o s i t i o n   of  t he   a s s e m b l y .   R e f r a c t o r y   p a s t e   4 

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

5  r e m o t e   f rom  end  p l a t e   15A.  A p p l i c a t i o n   of  t h e  

r e f r a c t o r y   c e m e n t   i s   by  i n j e c t i o n   so  as  to  c o v e r   t h e  

f a c e   of  t he   r e f r a c t o r y   b o a r d   5  and  o c c u p y   t h e   s p a c e s  

b e t w e e n   t u b e s   1  c o m p l e t e l y .   An  o u t e r   r e f r a c t o r y   b o a r d   6 

is  t h e n   p l a c e d   o v e r   t h e   ends   of  the   t u b e s   1  so  as  t o  

make  c o n t a c t   w i t h   t h e   t h i c k   l a y e r   of  r e f r a c t o r y   p a s t e  



w h i c h   has  b e e n   f o r m e d   to  fo rm  as  a  s a n d w i c h   o u t   of  t h e  

o p p o s e d   f a c e s   of  w h i c h   t h e   t u b e s   1  p r o j e c t .   An  o u t e r  

g r i d   f r a m e   16  is  f i t t e d   o v e r   t he   u p p e r   ends   of  t h e   t u b e s  

1,  e n t e r i n g   i n t o   e n g a g e m e n t   w i t h   r e c e s s e s   in  t h e   u p p e r  

f r a m e w o r k   to   keep   t he   o u t e r   b o a r d   6  in  p o s i t i o n   i n  

c o n t a c t   w i t h   t he   r e f r a c t o r y   c e m e n t   4.  An  end  p l a t e   15B 

i s   t h e n   f i t t e d   to  t he   end  of  t he   a s s e m b l y   to  w h i c h   t h e  

o u t e r   b o a r d   6  has  j u s t   been   a p p l i e d .  

The  a s s e m b l y   is   t h e n   t i l t e d   t h r o u g h   90°  so  t h a t  

i t   is  a g a i n   i n c l i n e d   a t   45°  to  t h e   h o r i z o n t a l   b u t   w i t h  

t h e   end  p l a t e   15B  r e p r e s e n t i n g   t he   l o w e s t   p a r t   t h e r e o f .  

The  end  p l a t e   15A  is   t h e n   r e m o v e d   to  p r e s e n t   t h e   o t h e r  

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

r e f r a c t o r y   c e m e n t   to  t he   o t h e r   i n n e r   b o a r d   5  in  a  

r e p e t i t i o n   of  t he   a f o r e m e n t i o n e d   p r o c e d u r e   f o l l o w e d   b y  

f i t t i n g   of  an  o u t e r   r e f r a c t o r y   b o a r d   and  a t t a c h m e n t   o f  

an  o u t e r   g r i d   f r a m e .  

The  a s s e m b l y   is   t h e n   r e t u r n e d   to   t h e   h o r i z o n t a l  

p o s i t i o n   and  is  d e t a c h e d   f rom  t he   c e n t r a l   p i v o t   13.  A i r  

c u r i n g   of  t h e   r e f r a c t o r y   c e m e n t   is  t h e n   e f f e c t e d .   T h i s  

w i l l   g e n e r a l l y   t a k e   p l a c e   by  p l a c i n g   t h e   a s s e m b l y   in  a  

d r y i n g   oven   whe re   i t   is   m a i n t a i n e d   f o r   t h r e e   h o u r s   a t   a  

t e m p e r a t u r e   of  a b o u t   200°C .   The  a s s e m b l y   is   t h e n  

c o o l e d ,   and  a l l   of  t he   f a m e w o r k   and  t h e   end  p l a t e s   a r e  

r e m o v e d .  



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

s t a c k   of  t u b e s   (1)  w h i c h   a r e   h e l d   a t   t h e i r   r e s p e c t i v e  

e n d s   in  a  p l a t e   ( 2 , 3 ) ,   w h i c h   u n i t   i s   f o r   s e a t i n g   in  a  

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

to  t r a v e l   a c r o s s   t h e   s t a c k   of  t u b e s   and  an  i n l e t   and  a n  

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

c h a r a c t e r i s e d   in  t h a t   t he   p l a t e s   ( 2 , 3 )   a r e   f o r m e d   o f  

f i b r o u s   r e f r a c t o r y   p a s t e   (4)  s e t   a r o u n d   t he   t u b e s   o f  

s a i d   s t a c k .  

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

1,  c h a r a c t e r i s e d   in  t h a t   t h e   t u b e s   (1)  a r e   f o r m e d   o f  

g l a s s ,   in  p a r t i c u l a r   b o r o s i l i c a t e   g l a s s .  

3.  A  t u b e   h e a t   e x c h a n g e r   u n i t   a c c o r d i n g   to  c l a i m  

1,  c h a r a c t e r i s e d   in  t h a t   t h e   t u b e s   (1)  a r e   f o r m e d   o f  

g l a s s   c e r a m i c   and  t he   f i b r o u s   r e f r a c t o r y   p a s t e   (4)  h a s  

t h e   c a p a b i l i t y   of  w i t h s t a n d i n g   t e m p e r a t u r e s   a b o v e   1 0 0 0 ° C  

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

4.  A  t u b e   h e a t   e x c h a n g e r   u n i t   a c c o r d i n g   to  a n y  
one  of  t he   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t h e  

r e f r a c t o r y   p a s t e   c o n t a i n s   r e f r a c t o r y   f i b r e s   c o m p o s e d   o f :  

30  to  70  p a r t s   by  w e i g h t   a l u m i n a  

70  to  30  p a r t s   by  w e i g h t   s i l i c a  

up  to  2  p a r t s   by  w e i g h t   t i t a n i a  

up  to  1 . 3  p a r t s   by  w e i g h t   f e r r i c   o x i d e  

a b o u t   0 .2   p a r t   by  w e i g h t   CaO/MgO 

up  to  0 .6  p a r t   by  w e i g h t   a l k a l i   m e t a l   o x i d e s ,   a n d  

t r a c e   a m o u n t s   of  b o r i c   o x i d e .  

5.  A  t u b e   h e a t   e x c h a n g e r   u n i t   a c c o r d i n g   to  c l a i m  

4,  c h a r a c t e r i s e d   in  t h a t   t he   r e f r a c t o r y   f i b r e s   a r e  

c o m p o s e d   o f :  



6.  A  t u b e   h e a t   e x c h a n g e r   u n i t   a c c o r d i n g   to  a n y  
one  of  t h e   p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in  t h a t   e a c h  

p l a t e   ( 2 , 3 )   is   s e t   b e t w e e n   p r e f o r m e d   r e f r a c t o r y   b o a r d s  

( 5 , 6 ) .  

7.  A  m e t h o d   f o r   the   p r o d u c t i o n   of  a  t u b e   h e a t i n g  

e x c h a n g e r   u n i t   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to   5 ,  

c h a r a c t e r i z e d   in  t h a t   an  a r r a y   of  t u b e s   (1)  i s  

p o s i t i o n e d   in  h o l e s   of  a d j a c e n t   p a i r s   (5)  and  (6)  o f  

p r e f o r m e d   f i b r e - c o n t a i n i n g   r e f r a c t o r y   b o a r d s   ( 5 ) ,   w h i c h  

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

s i d e w a l l s   (11)  to  fo rm  m o u l d s   i n t o   w h i c h   a  s a i d   f i b r o u s  

r e f r a c t o r y   p a s t e   (4)  i s   p l a c e d   and  d r i e d   b e f o r e   r e m o v i n g  

t he   s i d e w a l l s   ( 1 1 ) .  

8.  A  m e t h o d   f o r   t he   p r o d u c t i o n   of  a  t u b e   h e a t  

e x c h a n g e r   u n i t   a c c o r d i n g   to  c l a i m   7,  c h a r a c t e r i z e d   i n  

t h a t   t he   n o n - w e t t i n g   s i d e w a l l s   (11)   a r e   f o r m e d   o f  o r  

l i n e d   w i t h   p o l y e t h y l e n e .  

9.  A  m e t h o d   as  c l a i m e d   in  7  or  8,  c h a r a c t e r i z e d  

in  t h a t   m o u l d s   f o r m e d   of  n o n - w e t t i n g   s i d e w a l l s   (11)  a r e  

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

s u p p o r t   means  ( 1 2 , 1 3 )   a t   p o s i t i o n s   s p a c e d   a p a r t   a t   a  

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

p r e f o r m e d   r e f r a c t o r y   b o a r d s   (5)  h a v i n g   a l i g n e d   o p e n i n g s  

f o r   s a i d   t u b e s   a r e   p o s i t i o n e d   in  s a i d   m o u l d s   as  b o t t o m s  

t h e r e f o r ,   t he   t u b e s   (1)  a r e   i n s e r t e d   t h r o u g h   t h e  

o p e n i n g s   in  s a i d   b o a r d s ,   t he   s u p p o r t   means   ( 1 2 , 1 3 )   i s  

t i l t e d   and  w h i l e   r e t a i n i n g   t he   t u b e s   in  s a i d   b o a r d s  

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

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

t he   r e f r a c t o r y   c e m e n t   is   c o v e r e d   by  a n o t h e r   s a i d  

r e f r a c t o r y   b o a r d   (6)  p a s s e d   o v e r   t h e   ends   of  t he   t u b e s  

t h e r e a d j a c e n t ,   t he   a s s e m b l y   is  t i l t e d   i n t o   an  o p p o s i t e  

d i s p o s i t i o n   and  w h i l e   r e t a i n i n g   the   t u b e s   (1)  in  s a i d  

b o a r d s   ( 5 , 6 ) ,   r e f r a c t o r y   c e m e n t   (4)  is   a p p l i e d   to  t h e  

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

a n o t h e r   s a i d   r e f r a c t o r y   b o a r d   (6)  p a s s e d   o v e r   the   e n d s  



of  t he   t u b e s   t h e r e a d j a c e n t ,   the   a s s e m b l y   is  r e t u r n e d   t o  

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

t h e n   c u r e d .  

10.  A  m e t h o d   as  c l a i m e d   in  c l a i m   9 ,  

c h a r a c t e r i z e d   in  t h a t   t he   a s s e m b l y   is  t i l t e d   to  an  a n g l e  

of  a b o u t   45°  to  t he   h o r i z o n t a l   when  the   r e f r a c t o r y  

c e m e n t   is   a p p l i e d .  
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