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©  Diaphragm  heater  for  heating  liquids. 
  Diaphragm  heater  including  distributor  (3, 4)  for  air  as  a 
fluidizing  agent  is  situated  in  a  tank  (2)  under  fluidizing  bed 
(1)  being  either  a  fine-grained  ceramic  material  mixed  with  a 
fine-grained  solid  fuel,  or  a  fine-grained  ceramic  material 
mixed  during  the  use  of  the  heater  with  a  gas  or  liquid  fuel 
and  with  air.  During  operation  the  heat  exchanger  may  be 
dipped  in  a  metal  plating  bath.  Air  enters  via  a  tube  (5)  and 
emerges  through  apertures  (8)  to  form  the  fluidized  bed  (1). 



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

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

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

i n g ,   a l u m i n i z i n g ,   e t c .  

A  d i s t r i b u t o r   of   f l u i d i z i n g   a g e n t   known  f rom  P o l i s h  

P a t e n t   S p e c i f i c a t i o n   No.  8 3 , 3 4 3   e n t i t l e d   " M e t h o d   o f  

A g g l o m e r a t i o n   of  L i g h t w e i g h t   F i n e - G r a i n e d   A g g r e g a t e   a n d  

I n s t a l l a t i o n   f o r   I m p l e m e n t a t i o n   T h e r e o f "   c o n s i s t s   of  a n  

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

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

s e p a r a t i o n   of  t h e   f l u i d i z i n g   a g e n t   ( a i r   or  a i r - g a s   m i x -  

t u r e ) .  

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

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

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

c i b l e . .  

S t i l l   a n o t h e r   known  h e a t e r   c o n s i s t s   of  a  g a l v a n i z i n g   p o t  

made  of  Armco  i r o n ,   or  an  i n t e r m e d i a t e   t a n k   f i l l e d   w i t h  

l e a d   in  w h i c h   a  v a t   w i t h   m e t a l   b a t h   i s   a c c o m m o d a t e d   t o  

be  u s e d   f o r   d i p   p l a t i n g .  

A  c o n s i d e r a b l e   d r a w b a c k   of  t h e s e   h e a t e r s   when  u s e d   w i t h  

s t e e l   p o t s   is   t h e   c o r r o s i o n   of  t h e   s t e e l   p o t s   w i t h  



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

f l u x   i n t e n s i t y   to   35  kW  p e r   sq .   m.  w h i c h   p e n e t r a t e s   i n t o  

t h e   g a l v a n i z i n g   b a t h .  

S t i l l   a n o t h e r   d r a w b a c k   of  t h e   known  d e v i c e s   is   t h e   o c -  

c u r e n c e   of  f r e q u e n t   f a i l u r e s   of  g a l v a n i z i n g   p l a n t   c a u s e d  

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

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

On  t h e   o t h e r   h a n d ,   in  t h e   c a s e   of   a  c r u c i b l e   made  o f  

c a r b o n   m a t e r i a l s   or  c a r b o r u n d u m   u s e d   f o r   an  a l u m i n i u m  

b a t h   t h e   b a t h   h e a t i n g   r a t e   i s   l i m i t e d   by  t h e   s t r e s s e s   i n  

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

The  h e r e t o f o r e   known  h e a t e r   of  a  f u r n a c e   of  t h e   M o r g a n  

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

f i r e   c h a m b e r   d i p p e d   i n  t h e   v a t   h a v i n g   a  m e t a l   b a t h .  

A  d r a w b a c k   of   t h i s   h e a t e r   i s   t h e   u s e   of  v e r y   h i g h   t e m -  

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

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

t i o n   g a s e s .  

A l s o   known  i s   an  e l e c t r i c   h e a t e r   i m m e r s e d   in  t h e   m e t a l  

b a t h .  

The  u s e   of   an  e l e c t r i c   h e a t e r   d u r i n g   t h e   d i p   p l a t i n g  

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

c e s s   b e c a u s e   u t i l i z a t i o n   of  h e a t   o b t a i n e d   f rom  e l e c t r i c  

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

f rom  s o l i d ,   l i q u i d ,   or  g a s e o u s   f u e l .  

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

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



A c c o r d i n g   to   t h e   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  d i a -  

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

c o n t a i n i n g   a  f l u i d i z e d   bed  c h a r a c t e r i s e d   by:   a  d i s t r i b u -  

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

t r i b u t i n g   a i r   i n t o   s a i d   r e g i o n ;   p a r t i t i o n   w a l l s   d i v i d i n g  

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

a p e r t u r e s   in   a  l i d   of  s a i d   d i s t r i b u t o r ;   and  s u p p l y   m e a n s  

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

u t o r .  

One  e m b o d i m e n t   of  t h e   i n v e n t i o n   c o n s i s t s   in  t h e   a p p l i c a -  

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

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

f l u i d i z e d   b e d   s i t u a t e d   u n d e r   t h e   f l u i d a l   b e d .   T h i s   d i s -  

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

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

bed   b e i n g   a  f i n e - g r a i n e d   c e r a m i c   m a t e r i a l   w i t h   a  f i n e -  

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

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

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

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

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

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

p r o d u c i n g   a  f l u i d i z e d   b e d .   The  l i d   of   t h e   body   i s  

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

o f -  a   c o n e .  

In  a n o 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   f o r   s o l i d   o r  

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

c a l   s y s t e m   of  two  c o n c e n t r i c   t u b e s ,   t h a t   is  an  a i r   t u b e  

and  a  gas   t u b e   a c c o m m o d a t e d   i n s i d e   t h e   a i r   t u b e .   T h e  

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

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

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



s e v e r a l   c h a m b e r s ,   some  of   t h e m   u s e d   as  a i r   c h a m b e r s   b e -  

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

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

t h r o u g h   t u b e .   The  i n d i v i d u a l   a i r   c h a m b e r s ,   or  t h e   i n d i -  

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

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

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

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 ,   and  t o   s h o w  

how  t h e   same  may  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  m a d e ,   by  way  of   e x a m p l 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 l l u s t r a t e s   a  d i a p h r a g m   h e a t e r   s u i t e d   f o r  

s o l i d   f u e l   in  a  v e r t i c a l   s e c t i o n ;   a n d  

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

g a s e o u s   or  l i q u i d   f u e l .  

The  h e a t e r   h a s   a  d i s t r i b u t o r   of  a  f l u i d i z i n g   a g e n t  

s i t u a t e d   u n d e r   a  f l u i d i z i n g   b e d   1  in  a  t a n k   2  w i t h   a  

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

ed  b e d   1  b e i n g   a  f i n e - g r a i n e d   c e r a m i c   m a t e r i a l   m i x e d  

w i t h   a  f i n e - g r a i n e d   c a r b o n   ( F i g u r e   1 ) .   The  d i s t r i b u t o r  

b o d y   3  h a s   t h e   s h a p e   of  a  v e s s e l   w i t h   a  c i r c u l a r   c r o s s -  

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

s u r f a c e   c o n n e c t e d   w i t h   a  v e r t i c a l   t h r o u g h   t u b e   5  f o r  

s u p p l y   of   c o m p r e s s e d   a i r   as  a  f l u i d i z i n g   a g e n t .   The  i n -  

n e r   s p a c e   of   s a i d   d i s t r i b u t o r   b o d y   3  h a s   b e e n   d i v i d e d   b y  

p a r t i t i o n   w a l l s   6  i n t o   s e v e r a l   c h a m b e r s   7,  t h r o u g h   h o l e s  

8  b e i n g   p r o v i d e d   in  s a i d   l i d   4  a b o v e   s a i d   c h a m b e r s   7 .  

In  F i g u r e   2,  a n o 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   has   a  

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

f l u i d i z i n g   bed   1  in   t a n k   2  c o n n e c t e d   w i t h   a  v e r t i c a l  



s y s t e m   of  two  c o n c e n t r i c   t h r o u g h   t u b e s ,   t h e   a i r   t u b e   5 

and  t h e   g a s   t u b e   9  b e i n g   a c c o m m o d a t e d   i n s i d e   i t .   T h e  

d i s t r i b u t o r   b o d y   3  is   a  v e s s e l   w i t h   a  c i r c u l a r   c r o s s -  

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

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

d i v i d e d   by  p a r t i t i o n   w a l l s   10  and  11  i n t o   s e v e r a l   c h a m -  

b e r s .   Some  of  t h e s e   a r e   u s e d   as  a i r   c h a m b e r s   12  and  a r e  

c o n n e c t e d   to   a  t h r o u g h   a i r   t u b e   5  and  o t h e r s ,   u s e d   a s  

gas   c h a m b e r s   13,  a r e   c o n n e c t e d   to   a  gas   t h r o u g h   t u b e   9 .  

The  i n d i v i d u a l   a i r   c h a m b e r s   12  h a v e   b e e n   s e p a r a t e d   b y  

gas   c h a m b e r s   13  and  h o l e s   8  a r e   p r o v i d e d   in  t h e   l i d   4  

a b o v e   t h e   c h a m b e r s   12  and  1 3 .  

D u r i n g   o p e r a t i o n ,   t h e   d i a p h r a g m   h e a t e r   a c c o r d i n g   to   t h e  

i n v e n t i o n   i s   d i p p e d   in  a  m e t a l   b a t h .   A f t e r   t h e   i g n i t i o n  

of  c o a l   in  t h e   f l u i d i z e d   bed   1  and  a f t e r   o b t a i n i n g   a  

s t a b l e   c o m b u s t i o n   w i t h i n   t h e   w h o l e   v o l u m e   of  t h e   bed   a n  

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

i z e d   bed   1  t a k e s   p l a c e   and  s a i d   bed   is   s e t   in   m o t i o n   b y  

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

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

t h e   m e t a l   b a t h .  

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

ing   to   t h e   i n v e n t i o n   i s   i m m e r s e d ,   when  in   o p e r a t i o n ,   i n  

t h e   m e t a l   b a t h .   A f t e r   i g n i t i o n   of  gas   in  t h e   f l u i d i z e d  

bed   1  and  a f t e r   p r o p a g a t i o n   of  t h e   c o m b u s t i o n   p r o c e s s  

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

gas   s u p p l i e d   t h r o u g h   t h e   gas   t u b e   9  t a k e s   p l a c e   w i t h  

o x y g e n   s u p p l i e d   t h r o u g h   a i r   t u b e   5,  t h e   s o l i d   p h a s e   o f  

t h e   f l u i d i z e d   bed  1  b e i n g   s e t   in  m o t i o n   by  t h e   s u p p l i e d  

g a s .   The  a i r   s e r v e s   as  a  c a t a l y s t   f o r   c o m b u s t i o n   a n d  

t r a n s f e r s   h e a t   f rom  t h e   gas   b e i n g   b u r n e d   to   t h e   w a l l s   o f  

t h e   t a n k  1 0 .  



An  a d v a n t a g e   of   t h e   d i a p h r a g m   h e a t e r   or   h e a t   e x c h a n g e r  

a c c o r d i n g   t o   t h e   i n v e n t i o n   as  c o m p a r e d   w i t h   t h e   h e r e t o -  

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

( z i n c )   i s   h e a t e d   t h r o u g h   t h e   w a l l s   of   t h e   g a l v a n i z i n g  

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

of   m e t a l   p l a t e d   w o r k p i e c e s   by  10  t o   20  p e r   c e n t   and  a s  

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

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

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

The  h e a t e r   a c c o r d i n g   to   t h e   i n v e n t i o n   e n a b l e s   t h e   g a l -  

v a n i z i n g   e f f i c i e n c y   t o   be  i n c r e a s e d   by  20  to   50  p e r   c e n t  

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

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

h e a t   l o a d   of   i t s   h e a t i n g   s u r f a c e   t o   as  much  as  233  kW 

p e r   sq .   m.  w i t h o u t   any   d a n g e r   of  a  n e g a t i v e   i n f l u e n c e   o f  

a  l a y e r   of  h a r d   z i n c .   In  c o n s e q u e n c e ,   t h e   t e m p e r a t u r e  

of   t h e   b a t h   can   be   e a s i l y   m a i n t a i n e d   in   c o n f o r m i t y   w i t h  

t e c h n i c a l   s p e c i f i c a t i o n s .  



1.  A  d i a p h r a g m   h e a t e r   c o m p r i s i n g   a  h o u s i n g   (2)  h a v i n g   a  

r e g i o n   f o r   c o n t a i n i n g   a  f l u i d i z e d   bed   (1)  c h a r a c t e r i s e d  

b y :   a  d i s t r i b u t o r   (3,  4)  w i t h i n   s a i d   h o u s i n g   a d j a c e n t  

s a i d   r e g i o n   f o r   d i s t r i b u t i n g   a i r   i n t o   s a i d   r e g i o n ;   p a r -  
t i t i o n   w a l l s   (6)  d i v i d i n g   an  i n t e r i o r   s p a c e   of  s a i d   d i s -  

t r i b u t o r   i n t o   c h a m b e r s   ( 7 ) ;   a p e r t u r e s   (8)  in  a  l i d   ( 4 )  

of  s a i d   d i s t r i b u t o r ;   and  s u p p l y   m e a n s   (5 ,   9)  c o n n e c t e d  

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

2.  A  h e a t e r   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  

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

3.  A  h e a t e r   a c c o r d i n g   to   c l a i m   1  or  2  c h a r a c t e r i s e d   i n  

t h a t   s a i d   s u p p l y   means   (5,  9)  i s   a r r a n g e d   to   s u p p l y   a i r  

to   a t   l e a s t   one  c h a m b e r   (7)  and  f u e l   gas   to   a t   l e a s t   o n e  
c h a m b e r .  

4.  A  h e a t e r   a c c o r d i n g   to   c l a i m   3  c h a r a c t e r i s e d   in  t h a t  

a  p l u r a l i t y   of  i n d i v i d u a l   a i r   c h a m b e r s   (12)   a r e   s e p a r a t -  
ed  by  r e s p e c t i v e   gas   c h a m b e r s   ( 1 3 ) .  

5.  A  h e a t e r   a c c o r d i n g   to   c l a i m   3  c h a r a c t e r i s e d   in  t h a t  

a  p l u r a l i t y   of  i n d i v i d u a l   g r o u p s   of  a i r   c h a m b e r s   ( 1 7 )  

a r e   s e p a r a t e d   by  gas   c h a m b e r s   ( 1 8 ) .  

6.  A  h e a t e r   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   3  to   5  c h a r -  

a c t e r i s e d   in   t h a t   s a i d   s u p p l y   means   c o m p r i s e s   two  c o n -  

c e n t r i c   t u b e s   (5,  9 ) .  

7.  A  h e a t e r   a c c o r d i n g   to   any  o n e  o f   c l a i m s   1  to   6  c h a r -  

a c t e r i s e d   in   t h a t   s a i d   s u p p l y   m e a n s   (5,  9)  p a s s e s  

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



8.  A  h e a t e r   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   7  c h a r -  

a c t e r i s e d   in   t h a t   t h e   l i d   (4)  of   t h e   d i s t r i b u t o r   i s   s u b -  

s t a n t i a l l y   f l a t .  

9.  A  h e a t e r   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   7  c h a r -  

a c t e r i s e d   in   t h a t   t h e   l i d   (4)  of   t h e   d i s t r i b u t o r   i s   c o n -  

i c a l .  

10 .   A  h e a t e r   a c c o r d i n g   to   a n y  o n e   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 s e d   in   t h a t   s a i d   a p e r t u r e s   a r e   s l o t s  

( 8 ) .  
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