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(K)  Apparatus  and  method  for  let  down  of  a  high  pressure  abrasive  slurry. 

O   A  novel  apparatus  having  a  first  let-down  valve  (10)  in 
direct  fluid  communication  with  a  deceleration  zone  (20)  and 
the  deceleration  zone  (20)  in  direct  fluid  communication  with 
a  second  let  down  valve  (30)  permits  elimination  of  a 
qas/liquid  separation  apparatus.  In  alternative  embodiments 
the  apparatus  can  be  modified  for  addition  of  a  quench  liquid 
or  cooling  with  a  heat  exchanger.  By  allowing  the  slurry  to 
pass  through  successive  let-down  stages  as  a  foam  or  foamy 
liquid,  higher  allowable  flow  velocities  can  be  achieved.  In 
operation,  high  pressure  slurry  will  be  flashed  through  a  first 
valve  (10)  and  reduced  to  an  intermediate  pressure.  The 
slurry  will  exit  from  the  first  valve  (10)  at  a  very  high  velocity 
as  a  foam  or  foamy  liquid  and  directly  enter  the  deceleration 
zone  (20).  In  the  deceleration  zone  (20)  the  slurry  will  first 
contact  other  slurry  so  that  by  the  time  it  reaches  the  walls 
(21)  of  the  deceleration  zone  (20)  its  velocity  will  be  low 
enough  to  avoid  erosion.  From  the  deceleration  zone  (20)  the 
slurry  will  pass  through  a  second  valve  (30)  with  a  further 
decrease  in  pressure.  his  possible  to  pass  the  slurry  through 
many  valves  with  a  deceleration  zone  between  the  valves. 
I 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   t h e   I n v e n t i o n  

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

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

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

r e d u c i n g   the   p r e s s u r e   of  h i g h   p r e s s u r e   a b r a s i v e   s l u r r i e s .  

2.  The  S t a t e   of  t h e   A r t  

The  p r e s e n t   i n v e n t i o n   w i l l   be  p a r t i c u l a r l y   u s e f u l  

in  p r o c e s s e s   d e s i g n e d   to   c o n v e r t   n a t u r a l l y   o c c u r r i n g  

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

to  l o w - a s h ,   l o w - s u l f u r   f u e l s   w h e r e i n   the   e f f l u e n t   f r o m  

t h e   r e a c t o r   i n c l u d e s   g a s e s ,   l i q u i d s ,   and  a b r a s i v e   s o l i d s .  

S o l v e n t   r e f i n e d   c o a l   p r o c e s s e s   have  been   d e s c r i b e d   in  U . S .  

P a t e n t   Nos.   4 , 1 5 9 , 2 3 8 ;   3 , 8 9 2 , 6 5 4 ;   3 , 8 8 4 , 7 9 6 ;   3 , 8 8 4 , 7 9 5 ;  

3 , 8 8 4 , 7 9 4 ;   3 , 8 0 8 , 1 1 9 ;   and  3 , 3 4 1 , 4 4 7 .  



U.S.   P a t e n t   No.  4 , 1 5 9 , 2 3 8   d i s c l o s e s   s e p a r a t i o n   of  a  

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

c o m p o n e n t s .   The  f i r s t   c o m p o n e n t   is   r e c i r c u l a t e d   f o r   u s e  

as  s l u r r y   a t   the   b e g i n n i n g   of  t he   p r o c e s s .   T n i s   r e c y c l e d  

s t r e a m   c o m p r i s e s   s o l v e n t ,   n o r m a l l y   d i s s o l v e d   c o a l   a n a  

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

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

s e p a r a t i o n   of  t he   m a j o r   p r o d u c t s   of  t ne   p r o c e s s .  

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

w i t h   a  min imum  of  wear   on  t h e   e q u i p m e n t ,   t ne   s l u r r y   s t r e a m  

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

s l u r r y   l e a v e s   the   v a p o r   l i q u i d   s e p a r a t o r   u p s t r e a m   a t   a  

v e r y   h i g h   p r e s s u r e   and  t e m p e r a t u r e .   In  the   p a s t ,   t h e  

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

s l u r r y   t h r o u g h   two  or  more  l e t - d o w n   s t a g e s .   I t   ha s   b e e n  

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

s t a g e   l e t   down  v a l v e s .   G a s / l i q u i d   s e p a r a t i o n   s y s t e m s   a r e  

t y p i c a l l y   u s e d   a f t e r   e a c h   l e t   down  to  b r e a k   t h e   f o a m  

e f f l u e n t   f rom  t h e   l e t   down  v a l v e .   The  a p p a r a t u s   f o r  

g a s / l i q u i d   s e p a r a t i o n   i s   e x p e n s i v e   and  i t s   use  in  a  c o a l  

l i q u e f a c t i o n   p r o c e s s   has   c a u s e d   some  o p e r a t i n g   d i f f i c u l t i e s .  

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

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

have   b e e n   n o t e d   by  o t h e r s .   U.S .   P a t e n t   No.  4 , 2 1 9 , 4 0 3  

i s s u e d   to  Nakako   e t   al  on  A u g u s t   26,  1980,   a d d r e s s e s   t h e  

p r o b l e m .   T h a t   p a t e n t   t e a c h e s   s e p a r a t i o n   of  t h e   l i q u i d   a n d  

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

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

the   p r e s s u r e   r e d u c i n g   s y s t e m   w o u l d   have  no  a b r a s i v e  

p a r t i c l e s   in  the  s t r e a m .   The  s y s t e m   d i s c l o s e d   in  t h a t  

p a t e n t   is  v e r y   u s e f u l   w h e r e   t he   r e a c t a n t   s t r e a m   is   c o m -  

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

t he   s y s t e m   f o r   r e c y c l i n g .   H o w e v e r ,   in  t he   s y s t e m   w h e r e  



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

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

d e c r e a s e   the   o v e r a l l   e f f i c i e n c y   of  t h e   s y s t e m .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   and  a p p a r a -  
t u s   wh ich   e f f e c t i v e l y   o v e r c o m e   the   d e f i c i e n c i e s   i n  

t he   p r o c e s s e s   n o t e d   a b o v e .   A c c o r d i n g   to   t he   i n v e n t i o n ,  

t h e   f low  c h a r a c t e r i s t i c s   of  a  h i g h   t e m p e r a t u r e ,   h i g h  

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

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

p r e s s u r e .   Use  of  t h e   a p p a r a t u s   and  m e t h o d   of  the   p r e s e n t  

i n v e n t i o n   w i l l   m i n i m i z e   the   a b r a s i v e   e f f e c t   of  t he   s l u r r y  

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

mass   f low  r a t e   and  s l u r r y   v e l o c i t y .  

More  s p e c i f i c a l l y   t he   m e t h o d   of  t he   p r e s e n t   i n v e n -  

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

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

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

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

and  a b r a s i v e   c h a r a c t e r i s t i c s   of  the   f oamed   s l u r r y ;   a n d  

p a s s i n g   the   foamed  s l u r r y   t h r o u g h   a  s e c o n d   p r e s s u r e  

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

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

s l u r r y   t h r o u g h   two  s e q u e n t i a l   p r e s s u r e   l e t   down  s t a g e s ,  

e a c h   d e s i g n e d   and  s i z e d   to  e f f e c t   t he   d e s i r e d   p r e s s u r e  

r e d u c t i o n   and  e v o l u t i o n   of  g a s .   The  p r e s s u r e   r e d u c t i o n  

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

c i e n t   to  e f f e c t   l i b e r a t i o n   of  e n o u g h   gas   to   c r e a t e   a  

h o m o g e n o u s   foam  or  foamy  l i q u i d .   T h i s   foam  or  f o a m y  

l i q u i d   s h o u l d   t h e n   b e h a v e   as  i f   i t   c o n t a i n e d   one  p h a s e  

r a t h e r   t h a n   t h r e e .   The  two  p r e s s u r e   r e d u c t i o n   s t a g e s   a r e  



s e p a r a t e d   by  a  d e c e l e r a t i o n   z o n e .   In  t he   d e c e l e r a t i o n  

zone  t he   v e l o c i t y   of  t he   s l u r r y ,   w h i c h   i s   a  foam  or  f o a m y  

l i q u i d   b e c a u s e   of  the   gas   e v o l v e d ,   i s   l o w e r e d   to  b r i n g  

t h i s   f o a m e d   s l u r r y   to  s u b s t a n t i a l l y   n o n - t u r b u l e n t   f l o w  

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

b e l i e v e d   t h a t   r e d u c t i o n   of  t h e   v e l o c i t y   of  the   f o a m e d  

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

i m m e d i a t e l y   a d j a c e n t   t he   w a l l s   of  t he   d e c e l e r a t i o n  

z o n e .   Thus  the   m i x t u r e   can  f l o w   i n t o   t he   s e c o n d   l e t  

down  s t a g e   w i t h o u t   d e l e t e r i o u s   e f f e c t   on  the   w a l l s   o f  

the   e q u i p m e n t .   The  t e c h n i q u e   of  t h e   p r e s e n t   i n v e n t i o n  

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

a p p a r a t u s ,   n o r m a l l y   f o u n d   b e t w e e n   two  p r e s s u r e   l e t   down  

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

m e n t .  

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

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

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

d i a t e   p r e s s u r e   and  to  g e n e r a t e   s u f f i c i e n t   gas   to  c o n v e r t  

t he   s l u r r y   i n t o   a  foam  or  foamy  l i q u i d   t r a v e l l i n g   a t   o r  

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

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

The  d e c e l e r a t i o n   zone  has   an  e x i t   c o n d u i t   wh ich   c o m m u n i -  

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

As  m e n t i o n e d   a b o v e ,   t he   f o r w a r d   v e l o c i t y   of  t h e  

s l u r r y   foam  a t   t he   neck   of  t h e   f i r s t   s t a g e   v a l v e   i s  

r e d u c e d   in  t h e   d e c e l e r a t i o n   zone   s u c h   t h a t   a t   l e a s t   in  t h e  

a r e a   i m m e d i a t e l y   a d j a c e n t   t h e   w a l l s   of  the   d e c e l e r a t i o n  

zone  and  a t   t he   e x i t   c o n d u i t   f rom  t h e   d e c e l e r a t i o n   z o n e ,  
t h e   s l u r r y   f l o w   is   s u b s t a n t i a l l y   n o n - t u r b u l e n t   w h e r e b y   a  

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

w a l l s   of  t h e   e q u i p m e n t .  



From  the   d e c e l e r a t i o n   z o n e ,   the   foamed  s l u r r y   i s  

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

v a l v e .   The  i n l e t   of  t he   s e c o n d   s t a g e   p r e s s u r e   r e d u c i n g  

v a l v e   w i l l   be  s i z e d   l a r g e r   t h a n   the   f i r s t   s t a g e   v a l v e   i n  

o r d e r   to  a c c o m m o d a t e   the   i n c r e a s e d   vo lume   of  t he   f o a m e d  

s l u r r y .   A l s o ,   the   i n l e t   and  o u t l e t   of  t he   s e c o n d   p r e s s u r e  

r e d u c i n g   s t a g e   w i l l   be  s i z e d   such   t h a t   t he   mass   f l o w   r a t e  

and  s l u r r y   v e l o c i t y   a r e   s u b s t a n t i a l l y   e q u a l   to  t he   f l o w  

r a t e   and  v e l o c i t y   a t   t he   i n l e t   of  t he   f i r s t   p r e s s u r e  

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

To  s u m m a r i z e ,   t he   a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n  

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

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

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

as  a  foamed   s l u r r y ;   a  s e c o n d   p r e s s u r e   r e d u c i n g   c o n t r o l  

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

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

d e c e l e r a t i o n   zone  h a v i n g   an  i n l e t   in  d i r e c t   f l u i d   c o m m u n i -  

c a t i o n   w i t h   the   low  p r e s s u r e   s i d e   of  s a i d   f i r s t   p r e s s u r e  

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

e f f e c t i v e   f o r w a r d   v e l o c i t y   of  the   foamed   s l u r r y   f l o w   a t  

the   l o w e r   p r e s s u r e ,   and  b e i n g   s h a p e d   to  h o l d   f oamed   s l u r r y  

s u c h   t h a t   newly   i n j e c t e d   foamed   s l u r r y   f l o w s   d i r e c t l y   i n t o  

p r e v i o u s l y   i n j e c t e d   foamed   s l u r r y ,   and  f u r t h e r   s h a p e d   t o  

c o n v e y   foamed   s l u r r y   to  t h e   s e c o n d   p r e s s u r e   r e d u c i n g  

c o n t r o l   v a l v e   in  a  foamed   c o n d i t i o n .  

The  t e rm  d e c e l e r a t i o n   zone  as  used   t h r o u g h o u t   t h i s  

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

mean  an  a p p a r a t u s   c o n s t r u c t e d   such   t h a t   s l u r r y   i n j e c t e d  

i n t o   t he   zone  t h r o u g h   the   f i r s t   s t a g e   l e t   down  v a l v e   as  a  

foam  or  foamy  l i q u i d   comes  i n t o   c o n t a c t   f i r s t   w i t h   a  p r e -  

e x i s t i n g   v o l u m e   of  foamed   s l u r r y   r a t h e r   t h a n   w i t h   t h e  

w a l l s   or  b o t t o m   of  the   d e c e l e r a t i o n   a p p a r a t u s .   In  t h i s  



m a n n e r ,   t he   k i n e t i c   e n e r g y   of  t h e   i n j e c t e d   s l u r r y   i s  

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

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

A l t h o u g h   the   e v o l u t i o n   of  gas   upon  l e t d o w n   and  c o n -  

c o m i t a n t   g e n e r a t i o n   of  a  foam  or  f oamy   l i q u i d   s h o u l d  

d e c r e a s e   t he   v i s c o s i t y   of  t h e   s l u r r y ;   t he   foamed  m i x t u r e  

of   s l u r r y   and  gas   b e h a v e s   w i t h   an  i n c r e a s e d   a p p a r e n t  

v i s c o s i t y .   W i t h o u t   i n t e n d i n g   to  l i m i t   t he   s c o p e   of  t h i s  

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

v i s c o s i t y   of  t he   foamed   m i x t u r e   of  g a s ,   l i q u i d s   and  s o l i d s  

is   somehow  r e l a t e d   to  t he   d e c r e a s e d   d e n s i t y   r e s u l t i n g   f r o m  

the   p r e s e n c e   of   s i g n i f i c a n t   a m o u n t s   of  gas   in  t he   o t h e r -  

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

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

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

e q u i p m e n t .   The  d e l e t e r i o u s   e f f e c t   on  d o w n s t r e a m   e q u i p m e n t  

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

a c t e r i s t i c s   of  t he   s l u r r y ,   i s   n o t   o n l y   s u b s t a n t i a l l y  

e l i m i n a t e d ,   b u t   t he   l i f e   of  t he   e q u i p m e n t   may  be  i n c r e a s e d .  

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

foam  can  be  p r o c e s s e d   a t   a c c e p t a b l e   v e l o c i t i e s   w h i l e   t h e  

f l o w   a d j a c e n t   to  t he   p r o c e s s   e q u i p m e n t   w a l l s   r e m a i n s   in  a  

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

of  t he   f oamed   s l u r r y   is   b e l i e v e d   to  d e s s i p a t e   c r e a t i n g   a  

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

s t r e a m   in  the   m i d d l e   of  the   l i n e s .  

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

c l a i m s ,   the   t e r m   a l l o w a b l e   v e l o c i t y   is   i n t e n d e d   t o  

i n d i c a t e   t h a t   maximum  a c c e p t a b l e   v e l o c i t y   a t   w h i c h   t h e  

s l u r r y   can   be  moved  t h r o u g h   the   s y s t e m   w i t h o u t   u n d u e  



e r o s i o n   of  t he   e q u i p m e n t .   In  a d d i t i o n ,   i t   s h o u l d   b e  

u n d e r s t o o d   t h a t   the   s l u r r y   v e l o c i t y   w i t h i n   t he   d e c e l e r a -  

t i o n   zone   s h o u l d   not   r e a c h   b e l o w   the   l e v e l   a t   w h i c h  

s i g n i f i c a n t   a m o u n t s   of  s o l i d   m a t t e r   w i l l   no  l o n g e r  

r e m a i n   in  s u s p e n s i o n .  

In  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,  

the   foam  w h i c h   i s   o r d i n a r i l y   p r o d u c e d   as  some  of  t h e  

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

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

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

was  p r e v i o u s l y   b e l i e v e d .   B e c a u s e   of  the   h i g h e r   a p p a r e n t  

v i s c o s i t y   of  t he   foam,   as  o p p o s e d   to  the   l i q u i d   s l u r r y ,  
t he   foam  can  f low  a t   a  much  l o w e r   v e l o c i t y   in  the   d e c e l e r -  

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

w i t h o u t   a  s e r i o u s   c o n c e r n   o v e r   l o s s   of  s u s p e n d e d   p a r -  
t i c l e s .   M o r e o v e r ,   as  t he   foam  a p p r o a c h e s   n o n - t u r b u l e n t  

f l o w ,   a  p r o t e c t i v e   f i l m   of  s l u r r y   l i q u i d   w i l l   be  c r e a t e d  

a d j a c e n t   t he   i n n e r   s u r f a c e s   of  t h e   f low  c o n d u i t s   and  o t h e r  

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

of  t he   a b r a s i v e   p a r t i c l e s   w i t h   t he   m e t a l l i c   s u r f a c e s .  

With  a p p r o p r i a t e   p r o c e s s   c o n t r o l   and  e q u i p m e n t   d e s i g n ,  

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

e x h i b i t s   l a m i n a r   f low  w i l l   c o n t i n u e   to  e x i s t   when  t h e  

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

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

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

T h u s ,   even   when  the   v e l o c i t y   of  the   foamed   s l u r r y   i s  

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

f i r s t   p r e s s u r e   l e t   down  s t a g e ,   or   u n d e r   a p p r o p r i a t e  

c o n d i t i o n s   an  even   h i g h e r   v e l o c i t y ,   t he   f low  t h r o u g h  

s u b s e q u e n t   p r o c e s s   e q u i p m e n t   w i l l   be  at   r e d u c e d   t u r b u l e n c e  

w i t h   a  c o n c o m i t a n t   r e d u c t i o n   of  a b r a s i o n .   The  i n c r e a s e d  

vo lume   r e s u l t i n g   f rom  t h e   p r o d u c t i o n   of  t he   foam  can  b e  



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

a p p a r a t u s .   The  p r e s s u r e   d r o p   a t   e a c h   s t a g e   can  be  r e g u -  
l a t e d   by  u p s t r e a m   l e v e l   c o n t r o l s   and  t h u s   a u t o m a t i c a l l y  

s p l i t   b e t w e e n   the   two  s t a g e s   to  t he   d e g r e e   s u i t a b l e   f o r  

p r o c e s s   c o n d i t i o n s .   The  p o r t i o n   of  the   t o t a l   p r e s s u r e  

d rop   e f f e c t e d   by  t h e   i n d i v i d u a l   v a l v e s   can  be  a d j u s t e d  

by  a  s e c o n d a r y   or   b i a s   c o n t r o l   b e t w e e n   the   v a l v e s .   A t  

the   same  t i m e ,   t h e   o v e r a l l   mass   f l ow  r a t e   and  p r o c e s s  

v e l o c i t y   can   be  m a i n t a i n e d .  

In  one  a l t e r n a t i v e   e m b o d i m e n t   of  the   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n ,   t he   d e c e l e r a t i o n   zone  a p p a r a t u s   may  b e  

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

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

u n d e r s t o o d   by  t h o s e   s k i l l e d   in  t he   a r t   t h a t   t h e s e   m o d i f i -  

c a t i o n s   may  o n l y   be  d e s i r a b l e   f o r   s p e c i a l   s y s t e m   r e a s o n s ,  

such   as  t h e   p r o v i s i o n   of  e x t r a   c o n t r o l   o v e r   p r o c e s s   v a r i a -  

b l e s   and  c o r r o s i o n   r e d u c t i o n .   O r d i n a r i l y ,   t he   e n e r g y   l o s s  

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

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

s y s t e m   and  s h o u l d   be  o t h e r w i s e   a v o i d e d .   A d d i t i o n a l l y ,   u s e  

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

l i n e s   b e c a u s e   the   s l u r r y   t e n d s   to  c o o l   a t   d i f f e r e n t   r a t e s .  

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

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

i n v e n t i o n .   H o w e v e r ,   i t   s h o u l d   be  c l e a r   t h a t   t he   c o n c e p t  

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

d i m e n s i o n s   of  t he   s e c o n d   s t a g e   v a l v e   be  s i z e d   l a r g e r   t h a n  

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

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

enough   to   r e s i s t   t he   o b v i o u s   a b r a s i o n   c h a r a c t e r i s t i c s   o f  

t he   s l u r r y .  



BRIEF  DESCRPTION  OF  THE  DRAWING 

FIGURE  1  shows  a  s c h e m a t i c   d i a g r a m   of  t he   a p p a r a t u s  

i n c o r p o r a t i n g   the   p r i n c i p l e s   of  t he   i n v e n t i o n .  

FIGURE  2  shows  a  s c h e m a t i c   d i a g r a m   of  t he   a p p a r a t u s  
of  t h e  p r e s e n t   i n v e n t i o n   w h i c h   has   been   m o d i f i e d   to  a l l o w  

c o o l i n g   of  t he   s l u r r y   s t r e a m   i n ' t h e   d e c e l e r a t i o n   z o n e .  

DETAILED  DESCRIPTION 

The  e x a c t   d i m e n s i o n s   of  the   a p p a r a t u s   of  t h i s   i n v e n -  

t i o n   and  t h e   e x a c t   o p e r a t i o n a l   p a r a m e t e r s   f o r   i t s   u s e  
w i l l   be  d i c t a t e d   in  l a r g e   p a r t   by  the   s y s t e m   in  w h i c h  

i t   w i l l   be  i n c o r p o r a t e d .   In  t he   p r e f e r r e d   e m b o d i m e n t  

the   a p p a r a t u s   and  p r o c e s s   w i l l   be  used   in  an  i n t e g r a t e d  

c o a l   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   such   as  t h a t  

d e s c r i b e d   in  U.S .   P a t e n t   No.  4 , 1 5 9 , 2 3 8 .   In  t h a t   s y s t e m  
p u l v e r i z e d   raw  c o a l   is   m ixed   w i t h   a  s l u r r y   f e e d   and  t h e n  

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

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

in  t he   r e c y c l e d   s o l v e n t .   The  e f f l u e n t   from  t h e   t u b u l a r  

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

r e a c t i o n .   T h e  e f f l u e n t   f rom  t h e   d i s s o l v e r   p a s s e s   to  a  

v a p o r / l i q u i d   s e p a r a t i o n   s y s t e m .   The  h o t   o v e r h e a d   v a p o r  
s t r e a m   i s   r e m o v e d   t h r o u g h   one  o u t l e t   w h i l e   a  l i q u i d  

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

o u t l e t .   The  s l u r r y   e f f l u e n t   of  t h i s   f i r s t   v a p o r / l i q u i d  

s e p a r a t o r   can   t h e n   be  p a s s e d   t h r o u g h   the   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   f o r   r e d u c t i o n   of  p r e s s u r e .   Once  t h e  

p r e s s u r e   has   been   r e d u c e d   the   s l u r r y   s t r e a m   can  be  s p l i t  

i n t o   two  c o m p o n e n t s ,   one  f o r   r e c y c l e   and  t he   o t h e r   f o r  

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



The  d e t a i l s   of   an  a p p a r a t u s   b u i l t   in  a c c o r d a n c e   w i t h  

t he   p r e s e n t   i n v e n t i o n   and  d e s i g n e d   f o r   i n t e g r a t i o n   i n  

t he   s y s t e m   as  d e s c r i b e d   above   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  FIGURE  1  f o r   a  s y s t e m   d e s i g n e d   to  p r o c e s s  

s l u r r y   at   a  r a t e   of  1 0 , 0 0 0   l b s . / m i n .   ( 4 , 5 4 5   K g / m i n ) ,   w h e r e  

t he   s l u r r y   e x i t i n g   f rom  t h e   ho t   s e p a r a t o r   u p s t r e a m   at   2 0 0 0  

p . s . i . g .   (140  K g / c m 2 )   and  790°F   ( 4 2 1 ° C )   i s   to  be  l e t  

down  in  two  s t a g e s   to   150  p . s . i . g .   ( 1 0 . 6   K g / c m 2 ) .   T h e  

a p p a r a t u s   has   t h r e e   d i s t i n c t   z o n e s :   a  f i r s t   v a l v e   10 

f o r   r e d u c i n g   p r e s s u r e ,   a  d e c e l e r a t i o n   zone  20,  and  a  

s e c o n d   v a l v e   30  f o r   r e d u c i n g   p r e s s u r e .   P e r s o n s   of  o r d i -  

n a r y   s k i l l   in  t h e   a r t   w i l l   a p p r e c i a t e   t h a t   the   a p p a r a t u s  

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

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

c o a l   l i q u e f a c t i o n   p r o d u c t   s t r e a m   of  a  p a r t i c u l a r   s i z e .  

A p p l i c a n t   b e l i e v e s   t h a t   a  p e r s o n   or  o r d i n a r y   s k i l l   w i l l   b e  

a b l e   to  c a l c u l a t e   t he   d i m e n s i o n s ,   f low  r a t e s ,   and  p r e s s u r e s  

r e q u i r e d   f o r   any  g i v e n   s t r e a m   of  m a t e r i a l s   w i t h   k n o w l e d g e  

of  t h e   a p p r o x i m a t e   c o m p o s i t i o n   of  t he   s t r e a m   the   p r e s s u r e s  
a t   wh ich   s u f f i c i e n t   g a s   i s   l i b e r a t e d   to  g e n e r a t e   a  foam  o r  

foamy  l i q u i d .  

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

an  i n l e t   c o n d u i t   11,  a  v a l v e   m e c h a n i s m   12,  and  an  o u t l e t  

c o n d u i t   13.  The  i n t e r i o r   d i a m e t e r   of  t h e   c o n d u i t   11  a t  

i t s   e n t r a n c e   to  t h e   v a l v e   m e c h a n i s m   12  m u s t   be  s u f f i c i e n t  

to  a c c o m m o d a t e   t he   v o l u m e   of  s l u r r y   a t   t h e   d e s i r e d   f l o w  

r a t e .   T h u s ,   in  t h e   s y s t e m   to  be  d e s c r i b e d   160  c u b i c   f e e t  

p e r   m i n u t e   ( 4 . 5 3   c u b i c   m e t e r s / m i n )   of  s l u r r y   w i l l   b e  

p r o c e s s e d   at   a  r a t e   of  20  f . p . s .   (6 .1   M / s e c ) .   The  c r o s s -  

s e c t i o n a l   a r e a   of   t h e  o p e n i n g   to  c o n d u i t   11  must   be  0 . 1 3 3 3  

s q u a r e   f e e t   ( 0 . 0 1 2   s q u a r e   m e t e r s )   w h i c h   r e q u i r e s   an  i n s i d e  

d i a m e t e r   of  a p p r o x i m a t e l y   5  i n c h e s   ( 1 2 . 7   cm).   The  t y p e   o f  

v a l v e   m e c h a n i s m   12  u s e d   in  the   f i r s t   v a l v e   10  to  r e d u c e  

t he   p r e s s u r e   of  t h e   s l u r r y   is  no t   c r i t i c a l   to  the   p r e s e n t  



i n v e n t i o n .   The  p r e f e r r e d   v a l v e   m e c h a n i s m   12  w i l l   be  a  

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

t h r e e   i n c h e s   (5  cm  to  7 .6   c m ) .  

The  f i r s t   s t a g e   v a l v e   w i l l   be  s i z e d   to  a c h i e v e   a  

p r e s s u r e   d r o p   to  550  p . s . i . g .   ( 3 8 . 8   K g / c m 2 ) ,   w h i c h   i s  

s u f f i c i e n t   to  l i b e r a t e   gas   and  c r e a t e   a  foamy  l i q u i d   o r  

a  foam.   In  d e s i g n i n g   a  s y s t e m   a p p a r a t u s   f o r   a  s t r e a m  

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

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

foamy  l i q u i d .   As  e x p l a i n e d   above   e n o u g h   g a s   i s   l i b e r a t e d  

when  t he   s t r e a m ,   a t   t h e   f low  r a t e   t h r o u g h o u t   t he   l e t d o w n  

a p p a r a t u s ,   t h e r e a f t e r   b e h a v e s   e f f e c t i v e l y   as  one  p h a s e  

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

of  l i q u i d   in  t he   s t r e a m   w i l l   r e m a i n   a p p r o x i m a t e l y   t he   s a m e  

a t   160  c u b i c   f e e t   p e r   m i n u t e   ( 4 . 5 3   c u b i c   m e t e r s / m i n ) .  

H o w e v e r ,   b e c a u s e   t he   d e c r e a s e d   p r e s s u r e   w i l l   have   c a u s e d  

some  of  t he   s l u r r y   s t r e a m   wh ich   was  l i q u i d   a t   the   h i g h e r  

p r e s s u r e   to  be  c o n v e r t e d   to  gas   at  t he   l o w e r   p r e s s u r e   t h e  

o v e r a l l   vo lume   of  t he   s t r e a m   w i l l   i n c r e a s e .   The  a m o u n t  

of  g a s   l i b e r a t e d   upon  f l a s h i n g   the   s l u r r y   w i l l   of  c o u r s e  

d e p e n d   upon  the   n a t u r e   of  the   s l u r r y .   A  s l u r r y   r i c h   i n  

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

r i c h   in  n o n - v o l a t i l e   m o l e c u l e s .   The  o u t l e t   13  f rom  t h e  

f i r s t   v a l v e   10  w i l l   l e a d   d i r e c t l y   i n t o   t h e   d e c e l e r a t i o n  

zone   2 0 .  

The  s l u r r y   wh ich   e n t e r s   the  d e c e l e r a t i o n   zone  20  w i l l  

have   a  p r e s s u r e   r e d u c e d   from  2000  p . s . i . g .   (140  K g / c m 2 )  

to  550  p . s . i . g .   ( 3 8 . 8   Kg/cm2)   The  v e l o c i t y   of  a  s l u r r y  

f l a s h e d   t h r o u g h   a  v a l v e   l i k e   the  one  d e s c r i b e d   above   w i l l  

be  in  e x c e s s   of  a  100  f . p . s .   ( 3 0 . 4 8   M / s e c )   and  more  l i k e l y  

a p p r o x i m a t e l y   500  f . p . s .   152  ( M / s e c ) .   A c c o r d i n g l y   t h e  

s l u r r y   w i l l   e n t e r   t h e   d e c e l e r a t i o n   zone   as  a  j e t   of  f o a m  

or  foamy  l i q u i d .  



In  t he   s y s t e m   d e s c r i b e d   t he   vo lume   of  t he   d e c e l e r a t i o n  

zone  20  m u s t   be  s u f f i c i e n t   to  a c c o m m o d a t e   an  a d d i t i o n a l   2 3 7  

c u b i c   f e e t   p e r   m i n u t e   ( 6 . 7   c u b i c   m e t e r s / m i n )   of  g a s .   T h u s  

t he   d e c e l e r a t i o n   z o n e - 2 0   mus t   be  a b l e   to  a c c o m m o d a t e   a  c o m -  
b i n e d   v o l u m e   of  397  c u b i c   f e e t   p e r   m i n u t e   ( 1 1 . 2 3   c u b i c  

m e t e r s / m i n ) .   In  the   p r e f e r r e d   e m b o d i m e n t   the  d e c e l e r a t i o n  

zone  20  w i l l   be  c o n s t r u c t e d   a s  a   c l o s e d   c y l i n d e r   w i t h   a n  

i n l e t   from  t h e   f i r s t   v a l v e   10  a t   the   top   of  the   c y l i n d e r   i n  

the   v i c i n i t y   of  i t s   a x i s .   The  c y l i n d e r   w i l l   be  c o n s t r u c t e d  

wide   e n o u g h   to  a l l o w   t he   j e t   of  foam  to  t u r n   on  i t s e l f   s o  

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

a p p r o x i m a t e l y   5  f . p . s .   ( 1 . 5 2   M / s e c ) .   I t   is   b e l i e v e d   t h a t   a  

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

m e d i a t e l y   a d j a c e n t   t he   w a l l s   of  the   d e c e l e r a t i o n   z o n e .   T h i s  

t h i n   l a y e r   of  n o n t u r b u l e n t   s l u r r y   w i l l   s u b s t a n t i a l l y   e l i m i -  

n a t e   e r o s i o n .   The  f l o w   c h a r a c t e r i s t i c s   of  t he   foam  w i l l  

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

t he   s low  v e l o c i t y   of  5  f . p . s .   ( 1 . 5 2   M / s e c ) .  

In  t he   above   d e s c r i b e d   s y s t e m   the   i n s i d e   d i a m e t e r   o f  

t h e   c y l i n d e r   mus t   be  15 .5   i n c h e s   ( 3 9 . 4   cm)  in  o r d e r   f o r  

t he   d e s i r e d   v e l o c i t y   d r o p   to  o c c u r .   The  d e c e l e r a t i o n   z o n e  

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

d r o p ;   h o w e v e r ,   i f   t he   v e l o c i t y   d r o p s   too   much,  s i g n i f i c a n t  

a m o u n t s   of  s o l i d  w i l l   f a l l  o u t   of   t he   s l u r r y .   T h u s ,   t h e  

d e c e l e r a t i o n   zone   s h o u l d   be  c o n s t r u c t e d   so  t h a t   o n l y   a  

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

a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e   a r t ,   a  s m a l l   b u i l d   up  o f  

s o l i d   m a t t e r   in  the   d e c e l e r a t i o n   zone  r e s u l t i n g   f rom  a  

s l i g h t l y   o v e r s i z e d   d e c e l e r a t i o n   zone  w i l l   be  b e t t e r   t h a n  

undue   wear   c a u s e d   by  a  too   s m a l l   d e c e l e r a t i o n   zone .   T h e  

c y l i n d e r   s h o u l d   be  l ong   e n o u g h   to  a c c o m m o d a t e   the   v o l u m e  

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



The  c y l i n d e r   w i l l   a l s o   be  f i t t e d   w i t h   an  e x i t   c o n d u i t  

23  l e a d i n g   f rom  the   s i d e   of  t he   c y l i n d e r   n e a r   i t s   top   t o  

the   s e c o n d   p r e s s u r e   r e d u c i n g   v a l v e   30.  The  i n s i d e   d i a m e -  

t e r   of  t h i s   e x i t   c o n d u i t   23  w i l l   be  a p p r o x i m a t e l y   8  i n c h e s  

( 2 0 . 3 2   cm)  to   a c c o m m o d a t e   a  f low  of   397  c u b i c   f e e t   p e r  
m i n u t e   ( 1 1 . 2 4   c u b i c   m e t e r s / s e c )   a t   a  v e l o c i t y   of   20  f . p . s .  

(6 .1   M / s e c ) .  

The  v e l o c i t y   of  the   foam  can  be  i n c r e a s e d   f rom  t h e  

v e r y   s low  v e l o c i t y   in  the   d e c e l e r a t i o n   zone  to  t he   a l l o w -  

a b l e   v e l o c i t y   f o r   the   foamy  s l u r r y   a t   an  i n t e r m e d i a t e  

p r e s s u r e .   T h i s   a l l o w a b l e   v e l o c i t y   w i l l   be  h i g h e r   when  t h e  

v e l o c i t y   has   been   r e d u c e d   to  a  v e r y   low  r a t e   c a u s i n g  

d i s s i p a t i o n   of  foam  in  a  t h i n   l a y e r   a l o n g   the   w a l l s   of  t h e  

e q u i p m e n t ,   and  c r e a t i o n   of  a  p r o t e c t i v e   s l u r r y   f i l m   r a t h e r  

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

from  t he   s o n i c   v e l o c i t y   at  the   v a l v e   o u t l e t .   When  t h e  

v e l o c i t y   is  i n c r e a s e d   from  a  low  v e l o c i t y ,   t he   w a l l   f i l m  

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

t han   the   v e l o c i t y   a t   wh ich   a  w a l l   f i l m   d e v e l o p s   when  t h e  

r a t e   of  t he   s l u r r y   is  d e c r e a s e d   f rom  a  s o n i c   v e l o c i t y .  

S i n c e   the   s l u r r y   w i l l   move  t h r o u g h   the   c o n d u i t   23  as  a  

foam  h a v i n g   o n l y   m o d e r a t e   t u r b u l e n c e   and  an  a p p a r e n t  

v i s c o s i t y   much  h i g h e r   t h a n   the   a c t u a l   v i s c o s i t y   of  t h e  

l i q u i d ,   a  v e l o c i t y   e q u a l   to  or  h i g h e r   t h a n   the   v e l o c i t y   a t  

the   i n l e t   11  to   t he   f i r s t   v a l v e   10  can  be  u s e d .   In  t h e  

s o l v e n t   r e f i n e d   c o a l   p r o c e s s   d e s c r i b e d   a  v e l o c i t y   of  20  

f . p . s .   (6 .1   M / s e c )   i s   s u f f i c i e n t l y   low  to  a v o i d   b r e a k i n g  

the   w a l l   f i l m   of  t he   f l u i d .  

The  c o n s t r u c t i o n   of  the   v a l v e   m e c h a n i s m   32  f o r   t h e  

s e c o n d  l e t   down  v a l v e ' 3 0   is   no t   c r i t i c a l   to  the   p r e s e n t  

i n v e n t i o n .   H o w e v e r ,   in  the   p r e f e r r e d   e m b o d i m e n t   the   v a l v e  

m e c h a n i s m   32  w i l l   be  a  b l u n t   n e e d l e   v a l v e   h a v i n g   a  t h r o a t  

d i a m e t e r   a p p r o x i m a t e l y   the  same  s i z e   or  s l i g h t l y   l a r g e r  



t h a n   t h a t   f o r   the   v a l v e   m e c h a n i s m   12  of  t he   f i r s t   v a l v e  

10.  The  s l u r r y   s t r e a m   w h i c h   e n t e r s   the   s e c o n d   p r e s s u r e  
r e d u c t i o n   v a l v e   30  a t   a  p r e s s u r e   of  550  p . s . i . g .   ( 3 8 . 8 0  

Kg/cm2)   w i l l   e x i t   w i t h   a  r e d u c e d   p r e s s u r e   of  150  p . s . i . g .  

( 1 0 . 6   K g / c m 2 ) .   The  e x i t   c o n d u i t   33  f o r   t he   s e c o n d  

p r e s s u r e   r e d u c t i o n   v a l v e   30  mus t   be  c o n s t r u c t e d   w i t h  

s u f f i c i e n t   v o l u m e t r i c   d i m e n s i o n s   to  a c c o m m o d a t e   t he   i n -  

c r e a s e d   v o l u m e   a s s o c i a t e d   w i t h   f u r t h e r   l i b e r a t i o n   of  g a s  
from  t h e   l i q u i d   s l u r r y .   In  t he   s y s t e m   d e s c r i b e d   t h e  

v o l u m e   of   t h e   l i q u i d   in  t he   s t r e a m   w i l l   d e c r e a s e   to  150  

c u b i c   f e e t   p e r   m i n u t e   ( 4 . 2 3   c u b i c   m e t e r s / m i n )   a f t e r  

p a s s i n g   t h r o u g h   the   s e c o n d   l e t   down  v a l v e   30.   At  t h e  

same  t i m e   t h e   gas   vo lume   w i l l   i n c r e a s e   to  811  c u b i c   f e e t  

p e r   m i n u t e   ( 2 2 . 9 5   c u b i c   m e t e r s / m i n )   on  the   down  s i d e   o f  

t h e   s e c o n d   l e t   down  v a l v e   30.   A c c o r d i n g l y ,   t h e   i n s i d e  

d i a m e t e r   of   t h e   e x i t   c o n d u i t   33  s h o u l d   be  2 7 . 5   i n c h e s  

( 6 9 . 9   cm)  to   a c c o m m o d a t e   t h i s   v o l u m e   of  m a t e r i a l   a t   a  

f l o w   r a t e   of  5  f . p . s .   ( 1 . 5   M / s e c ) .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   t he   o p e n i n g   of  t h e   t w o  

v a l v e s   10  and  30  w i l l   be  c o n t r o l l e d   by  a  r e g u l a t o r   4 0  

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

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

a p p a r a t u s .   A d d i t i o n a l l y ,   t he   p o r t i o n   of  t h e   t o t a l   p r e s -  

s u r e   d r o p   e f f e c t e d   by  e a c h   v a l v e   can  be  a d j u s t e d   by  a  b i a s  

c o n t r o l   41.  T h e r e   may  be  o c c a s i o n s   w h e r e   i t   would   b e  

u n d e s i r a b l e   to   s p l i t   the   d r o p   e q u a l l y   b e t w e e n   t he   t w o  

s t a g e s .   For   e x a m p l e ,   a  s l u r r y   w i t h   n o n - v o l a t i l e   c o m p o -  
n e n t s   may  need   a  v e r y   l a r g e   p r e s s u r e   d r o p   a t   t he   f i r s t  

s t a g e   in  o r d e r   to  l i b e r a t e   s u f f i c i e n t   gas   to  form  a  f o a m y  

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

v o l a t i l e   c o m p o n e n t s   i t   may  be  d e s i r a b l e   to  have   a  s m a l l  

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

l i f e   of  t h e   f i r s t   v a l v e .  



In  an  a l t e r n a t i v e   e m b o d i m e n t   t he   d e c e l e r a t i o n   z o n e  

can  be  m o d i f i e d   f o r   i n t r o d u c t i o n   of  a  q u e n c h   l i q u i d .  

In  such  a  m o d i f i c a t i o n   the   q u e n c h   l i q u i d   w i l l   be  i n t r o -  

d u c e d   t h r o u g h   i n l e t   24  shown  in  F i g .   2.  S u i t a b l e   q u e n c h  

l i q u i d s   would   i n c l u d e   w a t e r   a t   80°F  ( 2 6 . 7 ° C )   and  h e a v y  
o i l   at   200°F  ( 9 3 ° C ) .   Use  of  an  o i l   as  a  l i q u i d   q u e n c h   a t  

a  r a t e   of  33  c u b i c   f e e t   p e r   m i n u t e   ( 0 . 9 4   c u b i c   m e t e r s / m i n )  

would   be  d e l e t e r i o u s   to  v a l v e   s i z i n g ,   b e c a u s e   the   v o l u m e  

of  l i q u i d   wou ld   be  i n c r e a s e d   to  193  c u b i c   f e e t   p e r   m i n u t e  

( 5 . 4 6   c u b i c   m e t e r s / m i n )   w h i l e   t he   gas   vo lume   would   b e  

i n c r e a s e d   to  251  c u b i c   f e e t   pe r   m i n u t e   ( 7 .1   c u b i c   m e t e r s /  

m i n ) .   Use  of  t he   w a t e r   q u e n c h   a d d s   l i t t l e   to  the   v a p o r  
v o l u m e   and  t h u s   w o u l d   n o t   e f f e c t   t he   v a l v e   and  l i n e   s i z e s .  

H o w e v e r ,   use  of  any  q u e n c h   is   o n l y   d e s i r a b l e   f o r   a  s p e -  
c i f i c   r e a s o n   s u c h   as  r e d u c t i o n   of  c o r r o s i o n   or  p r o c e s s  
c o n t r o l .   The  e n e r g y   l o s s   a s s o c i a t e d   w i t h   use  of  a  q u e n c h  

l i q u i d   d e c r e a s e s   t he   o v e r a l l   e f f i c i e n c y   of  the  p r o c e s s .  

A c c o r d i n g l y ,   in  t h e   p r e f e r r e d   e m b o d i m e n t   a  quench   l i q u i d  

would   no t   be  u s e d .  

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

t i o n   of  the   e x i t   c o n d u i t   23  l e a d i n g   f rom  the   d e c e l e r a t i o n  

zone  20  to  t he   s e c o n d   l e t   down  v a l v e   30.  In  t h i s   e m b o d i -  

ment   t he   e x i t   c o n d u i t   is   f i t t e d   w i t h   a  h e a t   e x c h a n g e r   2 5  

to  c o o l   the   s l u r r y   as  i t   p a s s e s   t h r o u g h   the   e x i t   c o n d u i t  

23.  In  the   p r e f e r r e d   e m b o d i m e n t   t he   h e a t   e x c h a n g e r   2 5  

w i l l   no t   be  used   b e c a u s e   of  o p e r a t i o n a l   d i f f i c u l t i e s  

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

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

of  the   l i n e s   can  r e s u l t .  

In  o p e r a t i o n ,   160  c u b i c   f e e t   p e r   m i n u t e   ( 4 . 5 3   c u b i c  

m e t e r s / m i n )   of  s l u r r y   w i l l   e n t e r   t h e   f i r s t   l e t   down  v a l v e  

10  a t   a  p r e s s u r e   of  2000  p . s . i . g .   (140  K g / c m 2 ) .   On  t h e  

down  s i d e   of  t he   p r e s s u r e   r e d u c i n g   v a l v e   10  the   s t r e a m   w i l l  



have   a  p r e s s u r e   of   550  p . s . i . g .   ( 3 8 . 8   K g / c m 2 ) ,   a  v e l o c i t y  

a p p r o a c h i n g   s o n i c   v e l o c i t y ,   a  l i q u i d   vo lume   of  160  c u b i c  

f e e t   p e r   m i n u t e   ( 4 . 5 3   c u b i c   m e t e r s / m i n )   and  a  gas   v o l u m e   o f  

237  c u b i c   f e e t   p e r   m i n u t e   ( 6 . 7 1   c u b i c   m e t e r s / m i n ) .   T h e  

s l u r r y   w i l l   p a s s   i n t o   the   d e c e l e r a t i o n   zone  20  as  a  j e t   o f  

s w i r l i n g   foam  or  foamy  l i q u i d .   In  t he   d e c e l e r a t i o n   zone   20  

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

the   s w i r l i n g   a c t i o n   of  the   s l u r r y   w i l l   be  a c c o m m o d a t e d   b y  

the   s l u r r y   r a t h e r   t h a n   the  w a l l s   of  d e c e l e r a t i o n   zone   2 0 .  

The  v e l o c i t y   of   the   m i x t u r e   w i l l   s low  down  to  5  f . p . s .   ( 1 . 5 2  

M / s e c )   n e a r   the   w a l l s   of  the   d e c e l e r a t i o n   20.  O v e r f l o w   f r o m  

the   d e c e l e r a t i o n   zone   20  w i l l   e x i t   t h r o u g h   c o n d u i t   23.  T h i s  

e x i t i n g   s t r e a m   w i l l   p a s s   to  t h e   s e c o n d   l e t   down  v a l v e   3 0  

a t   a  r a t e   of  20  f . p . s .   (6 .1   M / s e c )   and  e x i t   w i t h   a  p r e s s u r e  
of  150  p . s . i . g .   ( 1 0 . 6   K g / c m 2 ) .   A f t e r   the   p r e s s u r e   h a s  

been  l e t   down  f rom  2000  p . s . i . g .   to   150  p . s . i . g .   (140  K g / c m 2  

to  1 0 . 6   Kg /cm2)   t h e   v o l u m e   of   l i q u i d   g o i n g   t h r o u g h   t h e  

s y s t e m   w i l l   be  d e c r e a s e d   to  150  c u b i c   f e e t   p e r   m i n u t e   ( 3 . 4  

c u b i c   m e t e r s / m i n )   w h i l e   the   v o l u m e   of  gas   g o i n g   t h r o u g h  

the   s y s t e m   w i l l   h ave   i n c r e a s e d   to  811  c u b i c   f e e t   p e r  
m i n u t e   ( 2 2 . 6   c u b i c   m e t e r s / m i n ) .  

A l t h o u g h   t h e   a b o v e   d e s c r i p t i o n   has   been   r e s t r i c t e d   t o  

an  a p p a r a t u s   w i t h   o n l y   two  l e t   down  v a l v e s   c o n n e c t e d   by  a  

d e c e l e r a t i o n   z o n e ,   t h e   p r e s e n t   i n v e n t i o n   e n c o m p a s s e s   s y s t e m s  

w h e r e   many  l e t   down  v a l v e s   a r e   c o n n e c t e d   in  s e r i e s   w i t h   a  

d e c e l e r a t i o n   zone   b e t w e e n   e a c h   one .   The  f o r e g o i n g   d e s c r i p -  

t i o n   has   been   d i r e c t e d   to  t h e   p a r t i c u l a r   p r e f e r r e d   e m b o d i -  

men t   f o r   t h e   p u r p o s e s   of  i l l u s t r a t i o n   and  e x p l a n a t i o n .   I t  

w i l l   be  a p p a r e n t   h o w e v e r ,   to  t h o s e   s k i l l e d   in  t he   a r t   t h a t  

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

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

s p i r i t   of  t h e   i n v e n t i o n .   I t   is   t h e   a p p l i c a n t ' s   i n t e n t i o n  

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

such   m o d i f i c a t i o n s   and  v a r i a t i o n s .  



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

t u r e   h i g h   p r e s s u r e   f l o w i n g   a b r a s i v e   s l u r r y   in  w h i c h   s l u r r y  
is   p a s s e d   t h r o u g h   a  f i r s t   p r e s s u r e   r e d u c i n g   s t a g e   f o r   a  
f i r s t   r e d u c t i o n   of  p r e s s u r e ,   c h a r a c t e r i z e d   in  t h a t :  

t he   p r e s s u r e   r e d u c i n g   s t a g e   i s   a d a p t e d   to  g e n -  
e r a t e   a  foamed   s l u r r y   d i s c h a r g e ;  

in  t h a t   t he   foamed   s l u r r y   i s   i m m e d i a t e l y   i n t r o -  

d u c e d   to  a  d e c e l e r a t i o n   zone   f o r   r e d u c i n g  
the   v e l o c i t y   and  a b r a s i v e   c h a r a c t e r i s t i c s  

of  t he   foamed   s l u r r y ;   a n d  

in  t h a t   t h e   foamed   s l u r r y   i s   t h e r e a f t e r   p a s s e d  

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

f o r   a  s e c o n d   r e d u c t i o n   of  p r e s s u r e .  

2.  The  m e t h o d   of  c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

the   f low  of  f o a m e d   s l u r r y   i n t o   the   d e c e l e r a t i o n   zone   i s  

c o n t r o l l e d   such   t h a t   newly   i n j e c t e d   foamed   s l u r r y   f l o w s  

d i r e c t l y   i n t o   p r e v i o u s l y   i n j e c t e d   foamed   s l u r r y .  

3.  The  m e t h o d   of  c l a i m s   1  or   2  f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   the   v e l o c i t y   of  foamed   s l u r r y   f l o w i n g   t h r o u g h   t h e  

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

w a l l   f i l m   to  p r o t e c t   the   w a l l s   of  t he   d e c e l e r a t i o n   z o n e .  



4.  The  m e t h o d   of  c l a i m s   1  or   2  f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t :  

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

d e c e l e r a t i o n   zone  i s   r e d u c e d   and  c o n t r o l l e d  

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

of  t h e   d e c e l e r a t i o n   z o n e ;  

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

r a t i o n   z o n e   i n t o   an  e x i t   c o n d u i t   a t   an  i n c r e a s e d  

v e l o c i t y ;   a n d  

t h e   foamed   s l u r r y   i s   t h e r e a f t e r   i n t r o d u c e d   to  t h e  

s e c o n d   p r e s s u r e   r e d u c i n g   v a l v e .  

5.  The  m e t h o d   of  c l a i m s   1,  2  or   4  f u r t h e r   c h a r a c t e r i z e d  

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

6.  The  m e t h o d   of  c l a i m s   1,  3,  or   4  f u r t h e r   c h a r a c t e r i z e d  

in  t h a t   t h e   f r e s h l y   i n j e c t e d   foamed   s l u r r y   e n t e r s   t h e  

d e c e l e r a t i o n   zone   a t   a b o u t   s o n i c   v e l o c i t y .  

7.  The  m e t h o d s   of  c l a i m s   1  or  2  w h e r e i n   t he   f l o w   of  t h e  

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

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

z o n e .  



8.  A  c o n t r o l   a p p a r a t u s   f o r   r e d u c i n g   t he   p r e s s u r e   of  a 

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

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

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

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

a c t e r i z e d   in  t h a t :  

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

a d a p t e d   to   d i s c h a r g e   t he   s l u r r y   as  a  f o a m e d  

s l u r r y ;  

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

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

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

a  s e c o n d   r e d u c t i o n   of  p r e s s u r e ;   a n d  

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

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

w i t h   t he   low  p r e s s u r e   s i d e   of  s a i d   f i r s t   p r e s -  

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

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

foamed   s l u r r y   f l o w   a t   t he   l o w e r   p r e s s u r e ,   a n d  

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

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

i n t o   p r e v i o u s l y   i n j e c t e d   foamed   s l u r r y ,   a n d  

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

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

in  a  foamed   c o n d i t i o n .  

9 . .   The  a p p a r a t u s   of  c l a i m   8  f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

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

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

zone  is   s u b s t a n t i a l l y   n o n t u r b u l e n t .  



10.  The  a p p a r a t u s   of  c l a i m   9  f u r t h e r   c h a r a c t e r i z e d   i n  

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

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

zone   and  b e i n g   s h a p e d   to  d e l i v e r   f oamed   s l u r r y   to  t h e  

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

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

i m m e d i a t e l y   a d j a c e n t   t h e   w a l l s   of  t h e   d e c e l e r a t i o n   z o n e .  

11.  The  a p p a r a t u s   of   c l a i m s   8,  9  or  10  f u r t h e r   c h a r a c -  

t e r i z e d   in  t h a t   m e a n s   a r e   p r o v i d e d   to  c o o l   t he   f o a m e d  

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

v a l v e .  
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