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Improvement  In  or  relating  to  systems  for  distributing  particulate  material. 

o  

o  

A  system  for  distributing  particulate  material,  for  example 
a  kiln  firing  system,  comprises  a  pressure  vessel  (2)  having  an 
inlet  (6)  for  the  particulate  material,  e.g.  coal,  and  an  air  mani- 
folo  (8)  to  which  is  connected  a  plurality  of  inlet  tubes  (14).  Out- 
let  tubes  (18)  extend  co-axially  through  tubes  (14)  to  define 
another  passages  (20),  and  a  cylinder  (22)  is  located  in  each 
passage  (20)  and  can  be  moved  relative  to  the  tubes.  Material 
in  use  is  admitted  to  the  vessel  (2)  and  is  entrained  by  air  pas- 
sing  through  the  annular  passages  (20)  to  be  conveyed  out  of 
the vessel  via  the  outlet tubes  (18). 



This  i n v e n t i o n   concerns   improvements   in  or  r e l a t i n g   to  s y s t e m s  

for  d i s t r i b u t i n g   p a r t i c u l a t e   m a t e r i a l .  

The  p r e s e n t   i n v e n t i o n   has  p a r t i c u l a r ,   a l t hough   not  e x c l u s i v e ,  

r e f e r e n c e   to  such  systems  employed  for  d i s t r i b u t i n g   fuel   to  b u r n e r s  

or  o u t l e t s   in  a  k i l n   or  o the r   equipment  in  which  the  fuel   is  to  be  

b u r n t ,   for  example  a  fu rnace   or  b o i l e r ,   and  in  these   a p p l i c a t i o n s   can  

be  r ega rded   as  a  " f i r i n g   s y s t e m " .  

In  c o n v e n t i o n a l   f i r i n g   sys tems ,   the  fue l   is  o f ten   conveyed  p n e u -  

m a t i c a l l y ,   by  e n t r a i n m e n t ,   from  a  main  input   po in t   to  a  d i s t r i b u t i o n  

device  and  thence  to  the  b u r n e r s .   Moreover,  t h i s   d i s t r i b u t i o n   d e v i c e  

p e r  s e   u s u a l l y   i nvo lves   some  kind  of  mechanism  having  moving  p a r t s  

which  are  prone  to  m a l f u n c t i o n i n g   thus  r e s u l t i n g   in  u n s a t i s f a c t o r y  

o p e r a t i o n   of  the  p l an t   concerned  and  high  ma in tenance   c o s t s .  

The  mechanism  concerned  can,  as  a  r u l e ,   only  serve  a  l i m i t e d  

number  of  d e l i v e r y   p o i n t s   and  the  maximum  is  of  the  order   of  t w e n t y ,  

but  in  seme  systems  can  be  l e s s ,   for  example  the  'Oc topus '   s y s t e m  

( R e g i s t e r e d   Trad-  Mark)  se rves   e i g h t .   A  number  of  mechanisms  wou ld ,  

t h e r e f o r e .   be  r e q u i r e d   should  the  number  of  d e l i v e r y   p o i n t s   e x c e e d  

the  des igned  c a p a c i t y ,   thus  adding  a p p r e c i a b l y   to  the  c a p i t a l   c o s t  

of  the  p l a n t .  



F u r t h e r m o r e ,   such  c o n v e n t i o n a l   sys tems ,   g e n e r a l l y   u t i l i s i n g   p u l -  

v e r i s e d   or  c rushed   coal ,   ope ra t e   at  low  s o l i d s / a i r   mass  r a t i o ,   t h u s  

l ead ing   to  an  excess   of  a i r   in  the  combust ion  z o n e .  

An  a l t e r n a t i v e   use  for  such  systems  is  to  be  found  in  the  f i e l d   o f  

f l u i d i s e d   bed  combust ion  wherein  hot  bed  m a t e r i a l   needs  to  be  t r a n s p o r t e d  

from  the  combustion  chamber  for  s ize   c l a s s i f i c a t i o n   e x t e r n a l l y   of  t h e  

chamber.  The  na tu re   and  t e m p e r a t u r e   of  such  m a t e r i a l   r ender   the  u t i l i -  

s a t i o n   of  mechanica l   d e v i c e s ,   such  as  r o t a r y   v a l v e s ,   d i f f i c u l t   or  i m p o s s -  

i b l e .   In  o rde r   to  overcome  the  d i f f i c u l t i e s   i n d i c a t e d ,   i t   has  c o n v e n -  

t i o n a l l y   been  the  p r a c t i c e   to  employ  a  Ven tu r i   f eede r   which  feeds  m a t e r i a l  

in to   a  p o s i t i v e   p r e s s u r e   system.  However,  even  with  the  most  r e f i n e d  

V e n t u r i s ,   i t   is  d i f f i c u l t   to  ach ieve   s o l i d s   to  a i r   r a t i o s   g r e a t e r   t h a n  

about  3:1,   p a r t i c u l a r l y   i f   the  conveying  pipework  system  is  g r e a t e r   t h a n  

5m  in  l e n g t h .   As  a  r e s u l t ,   i t   has  been  n e c e s s a r y   to  u t i l i s e   c o m p a r a t i v e l y  

l a rge   d i a m e t e r   p ipework  systems  to  ach ieve   wor thwhi le   s o l i d s   flow  r a t e s .  

Tes ts   conduc ted   by  the  A p p l i c a n t s   on  s e v e r a l   d i f f e r e n t   c o n v e n t i o n a l  

Ven tu r i   f e e d e r s   have  shown  t h a t   75mm  d iame te r   pipework  would  be  n e c e s s a r y  

to  give  a  s o l i d s   flow  r a t e   of  about  600  kg/h,   and  100mm  d iame te r   p i p e -  

work  to  give  about  1  t o n n e / h .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   an  improved  s y s t e m  

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

advan tages   of  c o n v e n t i o n a l   s y s t e m s .  

A  f u r t h e r   o b j e c t   of  the  i n v e n t i o n  i s   to  p rov ide   a  method  of  o p e r a t -  

ing  such  an  improved  s y s t e m .  

According  to  a  f i r s t   a spec t   of  the  i n v e n t i o n ,   the re   is  p rov ided   a  

system  for   d i s t r i b u t i n g   p a r t i c u l a t e   m a t e r i a l   i n c l u d i n g   a  v e s s e l   having  an  

i n l e t   for   p a r t i c u l a t e   m a t e r i a l ,   a  gas  man i fo ld ,   a  p l u r a l i t y   of  i n l e t  

tubes   connec ted   to  the  gas  mani fo ld   and  adapted   to  extend  in to   the  v e s s e l ,  

a  gas  i n l e t   to  the  man i fo ld ,   and  a  p l u r a l i t y   of  o u t l e t   tubes  e x t e n d i n g  



th rough   the  i n l e t   tubes  to  def ine   passages   t h e r e b e t w e e n   and  having  o u t l e t  

c o n n e c t i o n s   e x t e r i o r l y   of  the  v e s s e l ,   the  o u t l e t   tubes  d e f i n i n g   in  u s e ,  

paths   for  e n t r a i n e d   p a r t i c u l a t e   m a t e r i a l .  

The  ve s se l   is  c o n v e n i e n t l y   a  p r e s s u r e   v e s s e l   and  the  top  t h e r e o f  

may  i n c o r p o r a t e   the  i n l e t   for  p a r t i c u l a t e   m a t e r i a l .  

The  gas  man i fo ld   may  be  l o c a t e d   e x t e r n a l l y   or  i n t e r n a l l y   of  t h e  

vesse l   and  may  be  in  the  form  of  a  r ing  main  for  a  gas,  c o n v e n i e n t l y   a i r .  

The  i n l e t   tubes  are  connected   to  the  gas  mani fo ld   and  the  o u t l e t   t u b e s  

may  extend  c o - a x i a l l y   t h e r e t h r o u g h   to  de f ine   an  annu la r   passage   for  t h e  

gas  which,  in  use,  would  flow  downwardly  in to   the  v e s s e l .  

A  c y l i n d e r   a d v a n t a g e o u s l y   of  s h o r t e r   l eng th   than  the  i n l e t   o r  

o u t l e t   tubes  may  be  p rov ided   w i th in   each  annu la r   passage   and  is  p r e f e r -  

ably  adapted  for  s l i d i n g   movement  r e l a t i v e   to  the  i n l e t   and  o u t l e t   t u b e s ,  

the  c y l i n d e r   being  d i sposed   near   to  the  f ree   ends  of  the  i n l e t   and  o u t -  

l e t   tubes  w i t h i n   the  v e s s e l .  

A  means  for  a d j u s t i n g   the  p o s i t i o n   of  the  c y l i n d e r   is  c o n v e n i e n t l y  

p rov ided   and  may  comprise   a . t h r e a d e d   rod  which  is  secured   at  one  end  t o  

the  c y l i n d e r   and  p r o t r u d e s   o u t s i d e   the  v e s s e l   where  a  simple  nut  a d j u s t -  

ment  assembly  is  p r o v i d e d .   The  purpose  of  the  s l i d i n g   c y l i n d e r   is  i n  

e f f e c t   to  extend  or  s h o r t e n   the  l eng th   of  the  o u t l e t   tube  t he reby   c o n -  

t r o l l i n g ,   in  use,  the  s o l i d s / a i r   mass  r a t i o   and  a d j u s t m e n t   can  take  p l a c e  

dur ing   o p e r a t i o n   of  the  s y s t e m .  

As  an  a l t e r n a t i v e   to  the  p r o v i s i o n   of  a  s l i d i n g   c y l i n d e r   a d j u s t -  

ment,  each  o u t l e t   tube  may  be  p o s i t i o n a l l y   a d j u s t a b l e   r e l a t i v e   to  t h e  

i n l e t   t u b e .  

According  to  a  second  aspec t   of  the  i n v e n t i o n ,   a  method  of  o p e r a t -  

ing  a  system  for  d i s t r i b u t i n g   p a r t i c u l a t e   m a t e r i a l   a c c o r d i n g   to  the  f i r s t  

a s p e c t ,   the  method  i n c l u d i n g   the  s teps   of  pa s s ing   p a r t i c u l a t e   m a t e r i a l  

into  the  vesse l   through  the  i n l e t   t h e r e o f ,   f eed ing   a  p o s i t i v e   p r e s s u r e  



gas  flow  to  the  gas  i n l e t   of  the  man i fo ld ,   and  pas s ing   the  gas  t h r o u g h  

the  pa s sages   de f ined   between  the  i n l e t   tubes  and  the  o u t l e t   tubes  t o  

i s sue   in to   the  m a t e r i a l   in  the  ve s se l   to  e n t r a i n   some  of  t h e  m a t e r i a l  

in  the  v i c i n i t y   of  the  f ree   ends  of  the  tubes ,   the  mix ture   of  gas  and  

m a t e r i a l   e n t r a i n e d   f lowing  through  the  o u t l e t   tubes  for   d i s c h a r g e  

through  the  o u t l e t   c o n n e c t i o n s .  

The  method  may  also  i nc lude   the  s tep  of  va ry ing   the  p o s i t i o n   o f  

the  c y l i n d e r   to  c o n t r o l   the  m a t e r i a l   to  a i r   mass  r a t i o ,   each  c y l i n d e r  

being  a c t u a b l e   i n d e p e n d e n t l y   and  du r ing   o p e r a t i o n   of  the  s y s t e m .  

By  way  of  example  only,   one  embodiment  of  a  system  for   d i s t r i b u t -  

ing  p a r t i c u l a t e   m a t e r i a l   a c c o r d i n g   to  the  i n v e n t i o n   is  d e s c r i b e d   b e l o w  

with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h :  

F igure   1  is  a  s ide  s e c t i o n a l   view  of  a  f i r s t   embodiment  of  t h e  

i n v e n t i o n ;  

F igure   2  is  a  p lan   view  of  the  embodiment  of  F igure   1;  and  

Figure   3  is  a  s e c t i o n a l   view  of  a  d e t a i l   shown  in  Figure   I .  

R e f e r r i n g   to  the  drawings ,   a  system  for   d i s t r i b u t i n g   p a r t i c u l a t e  

m a t e r i a l   is  d e p i c t e d   at  1  and  comprises   a  p r e s s u r e   v e s s e l   2  having  i n  

the  top  4  t h e r e o f   an  i n l e t   6  for   p a r t i c u l a t e   m a t e r i a l ;  t h e   i n l e t   6  may 

i n c o r p o r a t e   a  r o t a r y   valve  (not  shown)  for  s e a l i n g   the  v e s s e l   2  and  

m o n i t o r i n g   the  amount  of  m a t e r i a l   p a s s ing   t h e r e t h r o u g h   in to   v e s s e l   2 .  

A  gas  man i fo ld   8  is  l o c a t e d   at  the  top  of  the  v e s s e l   2  and  has  an  

i n l e t   10  and  a  p l u r a l i t y   of  o u t l e t s   12  to  each  of  which  is  c o n n e c t e d  

an  i n l e t   tube  14  depending  t h e r e f r o m   in to   the  v e s s e l   2  and  t e r m i n a t i n g  

at  a  d i s t a n c e   from  the  base  16  t h e r e o f .   E x t e n d i n g   c o - a x i a l l y   t h r o u g h  

the  i n l e t   tubes   14  are  o u t l e t   tubes  18  between  each  p a i r   of  which  i s  

de f ined   an  annu l a r   passage   20 .  



The  o u t l e t   tubes  18  t e r m i n a t e   in  the  v i c i n i t y   of  the  f ree   ends  o f  

the  i n l e t   tubes  14  and  extend  through  the  gas  manifo ld   8  to  the  e x t e r i o r  

of  the  v e s s e l   2  and  are  s u i t a b l y   adpated  for  c o n n e c t i o n   to  pipes  ( n o t  

shown)  for  remote  connec t i on   to  p o i n t s   of  use  (not  shown) .  

A  c y l i n d e r   22  is  d i sposed   w i th in   each  annu la r   passage  20  t o w a r d s  

the  lower  end  t h e r e o f ,   as  viewed  in  F igures   1  and  3  and  has  a t t a c h e d  

t h e r e t o   a  rod  24  having  a  t h r eaded   p o r t i o n   at  l e a s t   at  i t s   r e l a t i v e l y  

outer   end  25  for  engagement  with  a  lock  nut  a r rangement   26,  the  o u t e r  

end  25  having  a  knur l ed   nut  27.  

The  system  as  d e s c r i b e d   may  be  employed  as  a  f i r i n g   system  for  a  

k i l n ,   the  p a r t i c u l a t e   m a t e r i a l   conveyed  being  c rushed   or  p u l v e r i s e d  

coa l ,   and  the  o u t l e t   tubes  18  be ing   connec ted   to  the  combust ion  zones  o f  

the  k i l n .   In  use,  the  coal  is  admi t t ed   to  the  ve s se l   2  through  t h e  

i n l e t   6  and  a i r   is  passed   into  the  mani fo ld   8  through  the  i n l e t   10. 

The  a i r   then  t r a v e l s   down  th rough   each  annu la r   passage   20  and  e n t r a i n s  

the  coal  in  the  v i c i n i t y   of  the  f ree   ends  of  the  i n l e t   tubes  14.  The 

e n t r a i n e d   coal  is  conveyed  up  through  each  o u t l e t   tube  18  for   t r a n s p o r t  

to  an  i n j e c t i o n   po in t   in  the  k i l n .   The  s o l i d s / a i r   mass  r a t i o   may  be  

va r i ed   by  r a i s i n g   or  lower ing   the  c y l i n d e r   22  in  each  annu la r   p a s s a g e  

20  t he reby   a f f o r d i n g   i n d i v i d u a l   c o n t r o l   on  the  amount  of  fuel   p a s s e d  

the  r e l e v a n t   i n j e c t i o n   po in t   in  the  k i l n .  

In  an  a l t e r n a t i v e   use  of  the  system  a c c o r d i n g   to  the  i n v e n t i o n ,   h o t  

p a r t i c u l a t e   m a t e r i a l   from  a  f l u i d i s e d   combust ion   bed,  a f t e r   or  be fore   s i z e  

c l a s s i f i c a t i o n ,   is  admi t t ed   th rough  the  i n l e t   6  and  a i r   is  passed  i n t o  

the  mani fo ld   8  through  the  i n l e t   10.  The  a i r   then  t r a v e l s   down  t h r o u g h  

esch  annu la r   passage  20  and  e n t r a i n s   the  p a r t i c u l a t e   m a t e r i a l   in  t h e  

v i c i n i t y   of  the  f ree   ends  of  the  i n l e t   tubes  14.  The  e n t r a i n e d   coal  i s  

conveyed  up  th rough   each  o u t l e t   tube  18  for  t r a n s p o r t   e i t h e r   d i r e c t l y  

back  to  the  f l u i d i s e d   combust ion  bed  or  i n d i r e c t l y   th rough   a  s i z e  



c l a s s i f i c a t i o n   system.  Again,  the  s o l i d s / a i r   mass  r a t i o   may  be  v a r i e d  

by  r a i s i n g   or  lower ing  the  c y l i n d e r   22  in  each  annu l a r   passage  20.  I n  

t h i s   a p p l i c a t i o n   of  the  system  fewer  o u t l e t   c o n n e c t i o n s   may  be  employed 

than  for  the  k i l n   f i r i n g   s y s t e m .  

The  system  of  the  p r e s e n t   i n v e n t i o n   has  no  moving  p a r t s   save  f o r  

the  a d j u s t m e n t   of  the  c y l i n d e r   22  and  has  the  c a p a b i l i t y   of  a c h i e v i n g  

a  high  s o l i d s / a i r   mass  r a t i o   thus  avo id ing   the  d i s a d v a n t a g e   of  h i g h  

excess  a i r   l e v e l s   a s s o c i a t e d   with  c o n v e n t i o n a l   s y s t e m s .  



1.  A  system  for  d i s t r i b u t i n g   p a r t i c u l a t e   m a t e r i a l   c h a r a c t e r i s e d   by 

a  ve s se l   (2)  having  an  i n l e t   (6)  for  p a r t i c u l a t e   m a t e r i a l ,   a  gas  m a n i -  

fold  (8),  a  p l u r a l i t y   of  i n l e t   tubes  (14)  connected   to  the  gas  m a n i f o l d  

(8)  and  adapted   to  extend  in to   the  v e s s e l   (2),  a  gas  i n l e t   (10)  to  t h e  

manifold   (8),  and  a  p l u r a l i t y   of  o u t l e t   tubes  (18)  e x t e n d i n g   t h r o u g h  

the  i n l e t   tubes  (14)  to  def ine   passages   (20)  t h e r e b e t w e e n   and  h a v i n g  

o u t l e t   c o n n e c t i o n s   e x t e r n a l l y   of  the  ve s se l   (2),  the  o u t l e t   tubes  (18) 

d e f i n i n g ,   in  use,  pa ths   for  e n t r a i n e d   p a r t i c u l a t e   m a t e r i a l .  

2.  A  system  a c c o r d i n g   to  claim  1  c h a r a c t e r i s e d   in  tha t   the  v e s s e l   (2) 

is  a  p r e s s u r e   v e s s e l .  

3.  A  system  acco rd ing   to  claim  1  or  2  c h a r a c t e r i s e d   i n  t h a t   the  g a s  

mani fo ld   (8)  is  l o c a t e d   i n t e r n a l l y   or  e x t e r n a l l y   of  the  ve s se l   ( 2 ) .  

4.  A  system  a c c o r d i n g   to  any one  of  the  p r e c e d i n g   claims  c h a r a c t e r i s e d  

in  t ha t   the  o u t l e t   tubes  (18)  extend  c o - a x i a l l y   through  the  i n l e t   t u b e s  

(14)  to  def ine   annula r   pas sages   (20)  for  g a s .  

5.  A  system  a c c o r d i n g   to  any one  of  the  p r e c e d i n g   claims  c h a r a c t e r i s e d  

i n  t h a t   a  c y l i n d e r   (22)  is  l o c a t e d   w i th in   the  passage  (20)  de f ined   b e -  

tween  each  i n l e t   tube  (14)  and  each  o u t l e t   tube  (18)  in  the  v i c i n i t y   o f  

the  f ree   ends  t h e r e o f   w i th in   the  v e s s e l .  

6.  A  system  a c c o r d i n g   to  claim  5  c h a r a c t e r i s e d   i n  t h a t   the  c y l i n d e r  

(22)  is  movable  r e l a t i v e   to  the  i n l e t   and  o u t l e t   tubes  (14,  1 8 ) .  

7.  A  system  acco rd ing   to  claim  6  c h a r a c t e r i s e d   i n  t h a t   an  a d j u s t m e n t  

rod  (24)  is  a t t a c h e d   to  each  c y l i n d e r   (22)  and  is  adapted   to  move  t h e  

c y l i n d e r   ( 2 2 ) .  

8.  A  f i r i n g   system  compr i s ing   a  system  (1)  as  c la imed  in  any one  o f  

the  p r e c e d i n g   c l a i m s .  

9.  A  method  of  o p e r a t i n g   the  system  (1)  a c c o r d i n g   to  any one  of  t h e  



preced ing   claims  c h a r a c t e r i s e d   by  the  s teps   of  pa s s ing   p a r t i c u l a r  

m a t e r i a l   into  the  ve s se l   (2)  through  the  i n l e t   (6)  t h e r e o f ,   f e e d i n g  a  

p o s i t i v e   p r e s s u r e   gas  flow  to  the  gas  i n l e t   (10)  of  the  mani fo ld   ( 8 ) ,  

and  pa s s ing   the  gas  through  the  passages   (20)  de f ined   between  the  i n l e t  

tubes  (14)  and  the  o u t l e t   tubes  (18)  to  i s sue   in to   the  m a t e r i a l   in  t h e  

v e s s e l   (2)  to  e n t r a i n   some  of  the  m a t e r i a l   in  the  v i c i n i t y   of  the  f r e e  

ends  of  the  tubes  (14,  18),  the  mixture   of  gas  and  m a t e r i a l   e n t r a i n e d  

f lowing  through  the  o u t l e t   tubes  (18)  for  d i s c h a r g e   th rough   the  o u t l e t  

c o n n e c t i o n s .  

10.  A  method  a c c o r d i n g   to  claim  9  c h a r a c t e r i s e d   i n  t h a t   the  p o s i t i o n  

of  each  c y l i n d e r   (22)  is  v a r i a b l e   i n d e p e n d e n t l y   to  vary  the  m a t e r i a l  

to  a i r   mass  r a t i o .  

11.  A  method  acco rd ing   to  claim  10  c h a r a c t e r i s e d   i n  t h a t   the  c y l i n d e r  

is  a c t u a b l e   dur ing   o p e r a t i o n   of  the  system  ( 1 ) .  
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