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©  Apparatus  for  heating  and  mixing  high  viscosity  fluids. 
©  An  apparatus  for  heating  a  highly  viscous  slurry  includ- 
ing  an  axially  elongated  hollow  housing  (1)  through  which 
the  slurry  to  be  heated  flows  and  a  heat  exchanger  (4) 
through  which  a  heating  fluid  is  passed  disposed  within  the 
housing  so  that  slurry  flowing  axially  therethrough  must 
pass  over  the  heat  exchanger,  characterized  in  that  the  heat 
exchanger  comprises  an  elongated,  bulb-shaped  chamber  4 
mounted  on  a  rotating  shaft  (6)  disposed  coaxially  within  and 
extending  through  the  housing.  The  heating  fluid  enters  the 
chamber  (4)  through  an  inlet  passage  extending  through  the 
neck  (10)  of  the  shaft  (6)  and  leaves  the  chamber  (4)  through 
an  outlet  passage  also  extending  through  the  neck  (10)  of  the 
shaft  (6).  A  plurality  of  pins  (25)  may  be  mounted  to  extend 
radially  outward  from  the  external  surface  of  the  chamber  (4) 
to  continuously  stir  the  slurry  and  enhance  heat  exchange. 
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TECHNICAL  F I E L D  

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  e l e v a t i n g   t he   t e m p e r a -  

t u r e   of  h i g h l y   v i s c o u s   f l u i d s   by  a  m o v a b l e   h e a t i n g   e l e m e n t .   T h e  

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

h i g h l y   v i s c o u s   s l u r r y   of  a  h y d r o c a r b o n   f l u i d   in  w h i c h   an  a m o u n t  

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

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

w i t h i n   t h e   s l u r r y   to  b r e a k   up  l a m i n a r   f l o w   of  t h e   s l u r r y   o v e r  

t h e   h e a t i n g   e l e m e n t .  

BACKGROUND  ART 

In  the   p r e s e n t   s t a g e   of  p r i o r   a r t   d e v e l o p m e n t ,   f u e l s  

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

bons   in  w h i c h   s o l i d   c a r b o n a c e o u s   m a t e r i a l   is  d i s p e r s e d .   I n  

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

c o a l ,   or  p e t r o l e u m   c o k e ,   b e i n g   so  f i n e l y   d i s p e r s e d   t h a t   the   r e -  

s u l t i n g   s l u r r y   can  be  a t o m i z e d   f rom  b u r n e r s   at   p r e s s u r e s   in  t h e  

o r d e r   of  500  p s i .  

The  f u e l   s l u r r y ,   as  a  h i g h l y   v i s c o u s   f l u i d ,   mus t   b e  

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

a r r i v e   a t   t h e   b u r n e r   w i t h i n   a  f a i r l y   h i g h   p r e s s u r e   r a n g e .   T h e  

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

t u b e - s h e l l   h e a t   e x c h a n g e r   m u s t   be  d i s c a r d e d ,   as  t he   c o e f f i c i e n t  

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

has  been   f o u n d   u n s a t i s f a c t o r y .   An  a r r r a n g e m e n t   is  s o u g h t   w h i c h  

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

p e n a l t y   of  e x c e s s i v e   p r e s s u r e   d r o p   in  t he   f l o w   s t r e a m .  

To  e l e v a t e   t h e   c o e f f i c i e n t   of  h e a t   t r a n s f e r   b e t w e e n  

the   h e a t i n g   e l e m e n t   and  t h e   f l u i d   b e i n g   h e a t e d ,   m o v e m e n t   of  t h e  

h e a t i n g   e l e m e n t   must   be  p r o v i d e d   to  b r e a k   up  l a m i n a r   f l o w   w i t h i n  



t h e   f l u i d .   F u r t h e r ,   t he   s u r f a c e   of  t h e   h e a t i n g   e l e m e n t   m u s t   b e  

g i v e n   a  c o n f i g u r a t i o n   w h i c h   w i l l   no t   o n l y   a g i t a t e   t he   f l u i d ,  

b u t   e x t e n d ,   or  e x p a n d ,   the   e f f e c t i v e   h e a t   t r a n s f e r   s u r f a c e   o f  

t h e   h e a t i n g   e l e m e n t .   One  of  t he   o v e r a l l   s p e c i f i c a t i o n s   f o r   t h i s  

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

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

and  t h e   i n t r o d u c t i o n   of  e x c e s s i v e   p r e s s u r e   d r o p   in  t he   f l o w  

s t r e a m   of  t he   f l u i d .  

DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   t h e   p r o v i s i o n   of  a 

c a s i n g   t h r o u g h   w h i c h   a  f l u i d   to  be  h e a t e d   is  p a s s e d .   M o u n t e d  

w i t h i n   t he   c a s i n g   is  a  h e a t e d   c h a m b e r   o v e r   whose   o u t e r   s u r f a c e  

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

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

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

e x c h a n g e   b e t w e e n   t he   s u r f a c e   and  the   f l u i d .   S u r f a c e   e x t e n d e r s  

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

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

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

p a n d i n g ' t h e   e f f e c t i v e   h e a t i n g   t r a n s f e r   s u r f a c e   of  t he   c h a m b e r .  

O t h e r   o b j e c t s ,   a d v a n t a g e s   and  f e a t u r e s   of  t h i s   i n v e n -  

t i o n   w i l l   become   a p p a r e n t   to  one  s k i l l e d   in  t he   a r t   upon  c o n s i d -  

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

a t t a c h e d   d r a w i n g s .  

BRIEF  DESIGNATION  OF  THE  DRAWING 

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

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

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

O v e r v i e w  

The  b a s i c   o b j e c t i v e   of  t he   s t r u c t u r e   in  w h i c h   the   i n -  

v e n t i o n   i s _ e m b o d i e d   is  to  e l e v a t e   t he   t e m p e r a t u r e   of  a  f l u i d ,  

or  f l u i d - l i k e   m a t e r i a l   w h i c h   w i l l   be  r e f e r r e d   to  as  the   p r o c e s s  

f l u i d .   The  p r o c e s s   f l u i d   r e q u i r i n g   h e a t i n g   by  t he   p r e s e n t   em-  

b o d i m e n t   is  at  a  h i g h   p r e s s u r e ,   i . e .   a  r a n g e   i n c l u d i n g   500  p s i .  

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

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

p e r s e d   c o a l ,   or  p e t r o l e u m   c o k e ,   s u s p e n d e d   in  a  h y d r o c a r b o n   l i q u i d .  

Wi th   t h e   c o a l ,   or  p e t r o l e u m   c o k e ,   h o m o g e n i z e d   w i t h   t he   o i l ,   t h e  



r e s u l t i n g   s l u r r y   is  a t o m i z e d   in  a  b u r n e r   d e v e l o p i n g   the   p r o d u c t s  

of  c o m b u s t i o n   in  a  f u r n a c e .   A t o m i z i n g   t h e   s l u r r y ,   w i t h   the   t y p e  

of  b u r n e r   a v a i l a b l e ,   r e q u i r e s   a  p r e s s u r e   r a n g i n g   f rom  100  to  5 0 0  

p s i .  

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

e m b o d i m e n t ,   b u i l d - u p   on  t he   h e a t i n g   s u r f a c e s   has  to  be  o b v i a t e d .  

S o l i d   b u i l d - u p   on  t he   h e a t i n g   s u r f a c e s   wou ld   g e n e r a t e   p r o h i b i -  

t i v e   p r e s s u r e   d r o p s   in  t he   f l o w   s t r e a m   of  t he   s l u r r y .   F i n a l l y ,  

a  d e g r e e   of  a g i t a t i o n   of  t h e   s l u r r y   i s   r e q u i r e d   to  e l e v a t e   t h e  

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

t h e   s l u r r y .  

From  one  v i e w p o i n t ,   t he   e m b o d i m e n t   of  t he   i n v e n t i o n  

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

s l u r r y   is   p a s s e d .   The  h e a t i n g   e l e m e n t   w i t h i n   t he   c a s i n g   i s  

g i v e n   t h e   f o r m   o f - a   c h a m b e r . w h o s e   s u r f a c e   s p o r t s ' p i n s   m o u n t e d  

on  t he   e x t e r n a l   s u r f a c e   of  t h e   e l o n g a t e d   c h a m b e r .   The  e l o n g a t e d  

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

t h e   a x i s   common  w i t h   t h e   a x i s   of  t he   c a s i n g   to  b r e a k   up  the   l a m -  

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

is  h e a t e d   by  s t e a m   i n t r o d u c e d   f rom  a  s o u r c e   o u t s i d e   t he   c a s i n g .  

The  s t e a m   c o n d e n s e s   as  i t   g i v e s   up  i t s   h e a t   to  t he   s l u r r y ,   t h e  

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

All   t h e   o b j e c t i v e s   a r e   met  w i t h   t h i s   e m b o d i m e n t ,   l e a v i n g   o n l y  

t h e   m e c h a n i c a l   c o m p l i c a t i o n s   of  t h e   s e a l s   n e c e s s a r y   to  c o n t a i n  

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

as  a  h e a t i n g   e l e m e n t .  

The  B a s i c   S t r u c t u r e  

The  d r a w i n g   d i s c l o s e s   a  c a s i n g   1  w h i c h   is  in  t h e   f o r m  

of  a  h o l l o w   c y l i n d e r .   The  b r o k e n   m i d s e c t i o n   i n d i c a t e s   g r e a t e r  

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

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

l e n g t h   in  t he   o r d e r   of  14  f e e t ,   and  an  i n s i d e   d i a m e t e r   of  a b o u t  

1 6 i n c h e s .   The  p r o c e s s   f l u i d   is  p r o v i d e d   an  e n t r y   2  n e a r   t h e  

l o w e r   end  of  c a s i n g   1.  The  h e a t e d   p r o c e s s   f l u i d   l e a v e s   the   c a s -  

ing  1  v i a   u p p e r   e x i t   3 .  

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

p r o c e s s   f l u i d   up  t h r o u g h   c a s i n g   1,  i t   is  to  be  u n d e r s t o o d   t h a t  

t h i s   d i r e c t i o n   of  f l ow  is  no t   a  l i m i t a t i o n   of  t he   i n v e n t i o n .   I n  

t he   a c t u a l   r e d u c t i o n   to  p r a c t i c e ,   t he   p r o c e s s   f l u i d   was  f i r s t  



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

a p p e a r s   a d v i s a b l e   to  f l o w   the   p r o c e s s   f l u i d   i n t o   e n t r y   2  and  o u t  

of  e x i t   3,  as  d i s c l o s e d   in  t h e   d r a w i n g .  

W i t h i n   c a s i n g   1,  an  e l o n g a t e d ,   c y l i n d r i c a l ,   b u l b - s h a p e d  

c h a m b e r   4  p r e s e n t s   i t s   o u t s i d e   s u r f a c e   to  t he   p r o c e s s   f l u i d  

f l o w e d   i n t o ,   and  t h r o u g h ,   c a s i n g   1.  A  m o t o r   5  is  m o u n t e d   e x -  

t e r n a l l y ,   and  on  t h e   u p p e r   p o r t i o n   o f ,   c a s i n g   1.  A  power   t r a i n  

l i n k s   m o t o r   5  to  s h a f t   6,  s h a f t   6  e x t e n d i n g   down  t h r o u g h   t h e  

u p p e r   c l o s u r e   of  c a s i n g   1  to   c o n n e c t   to  t h e   u p p e r   end  of  c h a m b e r  

4.  T h u s ,   w i t h   c h a m b e r   4  p r o p e r l y   s u p p o r t e d   f o r   r o t a t i o n   w i t h i n  

c a s i n g   1,  m o t o r   5  i m p a r t s   t h e   s p e e d   of  r o t a t i o n   d e s i r e d   f o r  

c h a m b e r   4  as  t h e   e x t e r n a l   s u r f a c e   of  c h a m b e r   4  t r a n s f e r s   i t s  

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

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

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

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

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

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

of  c a s i n g   1,  t h e   e x t e r n a l   d i a m e t e r   of  c h a m b e r   4,  and  t he   s p e e d  

of  r o t a t i o n   i m p a r t e d   by  m o t o r   5,  a re   a d j u s t e d   u n d e r   sound   e n g i -  

n e e r i n g   p r i n c i p l e s   to  d e l i v e r   t he   p r o c e s s   f l u i d   a t   t he   a c c e p t a b l e  

p r e s s u r e   and  h e a t e d   to  t h e   r e q u i r e d   t e m p e r a t u r e .   F u r t h e r ,   t h i s  

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

c a s i n g   1  w h i c h   w i l l   m i l i t a t e   a g a i n s t   the   p r e c i p i t a t i o n   of  a n y  
s o l i d   m a t e r i a l   f r om  t h e   f l o w   s t r e a m   and  i t s   c o l l e c t i o n   on  t h e  

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

S e a l s  

U n d e r   t he   b r o a d   c o n c e p t s   of  t he   i n v e n t i o n ,   t he   e m b o d i -  

ment   has  s e v e r a l   m o v i n g   p a r t s   r e q u i r i n g   e f f e c t i v e   b e a r i n g s   a n d  

s e a l s .   As  a  b e g i n n i n g ,   c h a m b e r   4  is  e x t e n d e d   by  a  neck   10 

t h r o u g h   t h e   l o w e r   end  of  c a s i n g   1.  As  t he   c h a m b e r   4  and  i t s  

neck   10  a r e   r o t a t e d ,   t he   s e a l   b e t w e e n   the   neck   and  c a s i n g   e n d  

m u s t   be  p r o v i d e d   a t   11.  C o n c o m i t a n t l y ,   a  b e a r i n g   12  is  p r o v i d e d  

o u t b o a r d   o f  t h e   s e a l   11  b e t w e e n   t he   end  of  t h e   c a s i n g   1  and  t h e  

neck   1 0 .  

S t e a m ,   as  a  c o n v e n i e n t   h e a t i n g   m e d i u m ,   is  f l o w e d   i n t o  

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

is  c o n n e c t e d   to  t h e   l o w e r   end  of  s u p p l y   t u b e   13  t h r o u g h   a  s t e a m  

j o i n t   14.  T h i s   s u p p l y   t u b e   13  is  f i x e d   to  s t e a m   drum  4  and  n e c k  



10.  S p i d e r   s t r u c t u r e   15  is  d i s c l o s e d   w i t h i n   s t e a m   drum  4,  e x -  

t e n d i n g   f r o m   the   s t e a m   t u b e   13  to  t h e   i n t e r i o r   w a l l   of  s t e a m  

drum  4.  T h e r e f o r e ,   d r u m ,   n e c k ,   and  t u b e   r o t a t e   as  a  u n i t   i n  

s t e a m   j o i n t   14.  W h i l e   t h i s   r o t a t i o n   is  t a k i n g   p l a c e ,   the   s t e a m  

f l o w e d   i n t o   s t e a m   drum  4  is  g i v i n g   up  i t s   h e a t   to  t he   i n t e r n a l  

w a l l   of  t h e   drum  4,  c o n d e n s i n g   and  is  w i t h d r a w n   f rom  the   l o w e r  

end  of  n e c k   10  at  1 6 .  

S h i f t i n g   a t t e n t i o n   to  t he   u p p e r   p o r t i o n   of  c a s i n g   1 ,  

s h a f t   6,  l i n k e d   to  m o t o r   5,  is   e x t e n d e d   v e r t i c a l l y   down  t h r o u g h  

t h e   u p p e r   w a l l   c l o s u r e   of  c a s i n g   1  to  c o n n e c t   to  t he   u p p e r   e n d  

of  drum  4  and  i m p a r t   t he   d e s i r e d   r o t a t i o n   to  the   drum  4.  T h e  

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

1.  A  s e a l   is  p r o v i d e d   at   20  and  a  b e a r i n g   is  p r o v i d e d   at  21 

b e t w e e n   c a s i n g   1  and  s h a f t   6.  Wi th   s e a l s   and  b e a r i n g s   p r o v i d e d  

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

c o n t a i n e d   w i t h i n   c a s i n g   1,  e n t e r i n g   t h r o u g h   2  and  e x i t i n g   t h r o u g h  

3 .  

O p e r a t i o n  

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

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

f i g u r a t i o n   and  a r r a n g e m e n t ,   a  r e v i e w   is  in  o r d e r .   The  h i g h l y  

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

p a s s e d   u p w a r d   t h r o u g h   t he   c a s i n g   1  f rom  i n l e t   2  to  o u t l e t   3 .  

The  r a t e   of  f l o w   is  d e s i g n e d   to  be  h i g h   e n o u g h   to  p r e v e n t   s e t -  

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

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

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

the   t e m p e r a t u r e   r i s e   r e q u i r e d .  

In  s t a r t - u p   of  t he   s y s t e m ,   i t   has  been   f o u n d   h i g h l y   d e -  

s i r a b l e   to  p u r g e   c a s i n g   1  of  any  v a p o r .   To  f a c i l i t a t e   t h i s  

p u r g i n g ,   v e n t   v a l v e   23  is  i n s t a l l e d   t h r o u g h   the   u p p e r   c l o s u r e  

of  c a s i n g   1.  At  t h i s   h i g h   p o i n t   of  v e r t i c a l   c a s i n g   1,  v a l v e   23 

can  be  o p e n e d   at  t he   p r o p e r   t i m e   to  w i t h d r a w   any  v a p o r   c o l l e c t -  

ing  in  t h e   u p p e r   p a r t   of  c a s i n g   1  and  i n s u r e   t h a t   t he   p r o c e s s  

f l u i d   has  p a c k e d   the   e n t i r e   v o l u m e   of  c a s i n g   1 .  

S t e a m   drum  4  r o t a t e s   w i t h i n   the   f l u i d - p a c k e d   c a s i n g   1 

as  t he   s l u r r y   f l o w s   o v e r   i t s   o u t s i d e   s u r f a c e .   T h i s   m o v e m e n t   o f  

the   e x t e r n a l   h e a t i n g   s u r f a c e   of  t he   drum  r e s i s t s   any  t e n d e n c y  

.to  fo rm  l a m i n a r   f l ow  by  t he   s l u r r y   as  i t   is  h e a t e d .   To  f u r t h e r  



e n h a n c e   t h e   i n t r o d u c t i o n   of  t u r b u l e n c e   in  t h e   s l u r r y ,   and  t h e r e -  

by  e l e v a t e   t he   h e a t   t r a n s f e r   c o e f f i c i e n t ,   p i n s   25  a re   c a r r i e d  

on  t h e   s u r f a c e   of  drum  4.  T h e s e   p i n s   no t   o n l y   e x t e n d ,   or  e x -  

p a n e ,   t h e   e f f e c t i v e   h e a t   t r a n s f e r   s u r f a c e   of  t h e   d rum,   bu t   f u r -  

t h e r   p r o m o t e   t he   m e c h a n i c a l   a g i t a t i o n   of  t he   s l u r r y   as  the   d r u m  

is  r o t a t e d .   Some  d e g r e e   of  c o n t i n u e d   m i x i n g   is   b r o u g h t   a b o u t ,  

bu t   more   i m p o r t a n t l y ,   r e d u c t i o n   of  l a m i n a r   f l o w   is  i n s u r e d   b y  

t h i s   s t r u c t u r e .  

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

drum  n e c k ,   c a s i n g ,   and  m o t o r   s h a f t ,   can  be  r e g a r d e d   as  c o n v e n -  

t i o n a l .   V a r i o u s   s p e c i f i c   and  e f f e c t i v e   f o r m s   a r e   a v a i l a b l e .  

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

t h e i r   r e s p e c t i v e   v o l u m e s   by  p r o p e r   s e a l s ,   t h e   end  r e s u l t   is  t h a t  

t h e   s l u r r y   d i s c h a r g e d   f rom  o u t l e t   3  is  p r e s u m a b l y   made  a v a i l a b l e  

f o r   a t o m i z a t i o n   in  a  d o w n s t r e a m   b u r n e r ,   no t   s h o w n .  

From  t h e   f o r e g o i n g ,   i t   w i l l   be  s e e n   t h a t   t h i s   i n v e n t i o n  

is  one  w e l l   a d a p t e d   to  a t t a i n   a l l   of  t he   ends   and  o b j e c t s   h e r e -  

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

o b v i o u s   and  i n h e r e n t   to  t h e   a p p a r a t u s .  

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

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

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

and  is  w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n .  

As  many  p o s s i b l e   e m b o d i m e n t s   may  be  made  of  t h e   i n v e n -  

t i o n   w i t h o u t   d e p a r t i n g   f r o m   t h e   s c o p e   t h e r e o f ,   i t   is  to  be  u n d e r -  

s t o o d   t h a t   a l l   m a t t e r   h e r e i n   s e t . f o r t h   or  shown  in  t h e   a c c o m -  

p a n y i n g   d r a w i n g s   is  to   be  i n t e r p r e t e d   in  an  i l l u s t r a t i v e   and  n o t  

in  a  l i m i t i n g   s e n s e .  



1.  An  a p p a r a t u s   for  h e a t i n g   a  h ighly   v i scous   s l u r r y  

i n c l u d i n g   an  enc losed   a x i a l l y   e l onga t ed   hollow  c y l i n d r i c a l  

housing  having  an  i n l e t   opening  at  one  end  for  r e c e i v i n g   t h e  

s l u r r y   to  be  hea ted   and  an  o u t l e t   opening  at  the  a x i a l l y  

oppos i t e   end  for  d i s c h a r g i n g   the  heated  s l u r r y   t he re f rom,   and  a 

heat  exchanger   through  which  a  h e a t i n g   f l u i d   is  passed  d i s p o s e d  

wi th in   the  housing  so  tha t   the  s l u r r y   pass ing   a x i a l l y   t h r o u g h  

the  housing  must  pass  over  said  heat  exchanger   c h a r a c t e r i z e d  i n  

tha t   said  heat   exchanger   c o m p r i s e s :  

a . )   an  e longa ted   chamber  mounted  on  a  r o t a t i n g   s h a f t  

d i sposed   c o a x i a l l y   w i th in   and  e x t e n d i n g   through  the  h o u s i n g ;  

b . )   an  i n l e t   passage  e x t e n d i n g   through  said  s h a f t  

and  opening  in to   said  e longa ted   chamber  for  pass ing   the  h e a t i n g  

f l u i d   in to   said  e l o n g a t e d   chamber;  and 

c . )   an  o u t l e t   passage  ex t end ing   through  said  s h a f t  

and  opening  in to   said  e longa ted   chamber  for  pass ing   the  h e a t i n g  

f l u i d   from  said  e l o n g a t e d   chamber .  

2.  An  a p p a r a t u s   for  h e a t i n g   a  h ighly   v iscous   s l u r r y  

as  r e c i t e d   in  Claim  1  f u r t h e r   c h a r a c t e r i z e d   by  said  e l o n g a t e d  

chamber  having  a  p l u r a l i t y   of  su r face   e x t e n d e r s   p r o t r u d i n g  

r a d i a l l y   outward  from  the  e x t e r n a l   su r f ace   t he reo f   to  enhance  

heat  exchange  between  the  h e a t i n g   f l u i d   and  the  s l u r r y   and  t o  

c o n t i n u o u s l y   s t i r   the  s lu r ry   as  it   passes   through  the  h o u s i n g .  

3.  An  a p p a r a t u s   for  h e a t i n g   a  h ighly   v iscous   s l u r r y  

as  r e c i t e d   in  Claim  2  f u r t h e r   c h a r a c t e r i z e d   in  that   s a i d  

su r face   ex t ende r s   comprise  p i n - l i k e   p r o t r u s i o n s   mounted  to  t h e  

e x t e r n a l   su r face   of  said  e longa ted   chamber .  
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