
J )  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 3 0   6 3 0  

Office  europeen  des  brevets 

EUROPEAN  PATENT  APPLICATION 

Application  number:  84200701.5  ®  Int.  CI.4:  C  10  J  3/48,  C  10  J  3 / 4 6  

Date  of  filing:  15.05.84 

(30)  Priority:  05.07.83  GB  8318195  @  Applicant:  SHELL  INTERNATIONALE  RESEARCH 
MAATSCHAPPIJ  B.V.,  Carel  van  Bylandtlaan  30, 
NL-2596  HR  Den  Haag  (NL) 
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@)  Burner  and  process  for  gasifying  solid  fuel. 

@  Burner  for  the  gasification  of  a  finely  divided  solid  fuel, 
which  burner  has  an  oxygen  supply  passage  9  and  a  solid 
fuel  supply  passage  10,  the  oxygen  supply  passage  9  de- 
bouching  into  a  central  high  velocity  oxygen  outlet  passage 
16  and  via  a  constricted  passage  17  into  a  low  velocity  oxy- 
gen  outlet  passage  18,  while  the  solid  fuel  supply  passage 
10  is  connected  to  a  solid  fuel  outlet  passage  12  substantial- 
ly  arranged  between  the  oxygen  passages  16  and  18. 
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The  p resen t   i n v e n t i o n   r e l a t e s   to  a  burner   for  the  g a s i f i c a t -  

ion  of  a  f i ne ly   d iv ided   so l id   fuel  and  to  a  g a s i f i c a t i o n   p r o c e s s  
in  which  such  a  burner   is  u s e d .  

G a s i f i c a t i o n   of  a  so l id   fuel  may  be  de f ined   as  a  p r o c e s s  

wherein  sol id  fuel  is  p a r t i a l l y   combusted  with  a  s u b s t o i c h i o m e t r i c  

amount  of  pure  oxygen  or  an  oxygen  c o n t a i n i n g   gas,  such  as  a i r ,   t o  

form  product   gas  c o n s i s t i n g   mainly  of  carbon  monoxide  and  h y d r o g e n .  

Depending  on  the  compos i t i on   of  the  combust ion  medium  the  p r o d u c t -  

gas  f u r t h e r   c o n t a i n s   o ther   s u b s t a n c e s   which  may  be  u se fu l   or  may 
be  cons ide red   as  p o l l u t a n t s .  

Although  the  p r e s e n t   i n v e n t i o n   w i l l   p r i m a r i l y   be  d e s c r i b e d  

with  r e f e r e n c e   to  p u l v e r i z e d   coal ,   it  should  be  noted  tha t   t h e  

burner   and  process   a cco rd ing   to  the  i n v e n t i o n   are  also  s u i t a b l e  

for  other   types  of  s o l i d   fuels   which  can  be  g a s i f i e d ,   such  as  

l i g n i t e ,   wood,  b i tumen,   soot  and  pe t ro l eum  c o k e .  

According  to  a  well  known  g a s i f i c a t i o n   process   so l id   fuel  i n  

a  f i n e l y   d iv ided   s t a t e   is  passed  with  a  c a r r i e r   gas  to  a  r e a c t o r -  

zone  via  a  bu rne r ,   while  the  combust ion   medium  is  e i t h e r   added  t o  

the  so l id   fuel  flow  i n s ide   the  burner   or  is  s e p a r a t e l y   i n t r o d u c e d  

into  said  r e a c t o r z o n e .   Great  care  must  be  taken  that   the  r e a c t a n t s  

are  e f f e c t i v e l y   mixed  with  one  ano the r .   If  the  r e a c t a n t s   are  n o t  

brought   into  i n t i m a t e   c o n t a c t   with  each  o t h e r ,   the  oxygen  and 

so l id   fuel  flow  wi l l   fo l low  at  l e a s t   p a r t i a l l y   i ndependen t   t r a -  

j e c t o r i e s   i n s ide   the  r e a c t o r .   Since  the  r e a c t o r   zone  is  f i l l e d  

with  mainly  hot  carbon  monoxide  and  hydrogen,   the  oxygen  w i l l  

r a p i d l y   reac t   with  these   gases  i n s t ead   of  with  the  so l id   fue l .   The 

so  formed  very  hot  combust ion  p roduc t s   carbon  d iox ide   and  s t e a m  

wi l l   also  fol low  independen t   t r a j e c t o r i e s   having  poor  c o n t a c t   w i t h  

the  r e l a t i v e l y   cold  so l i d   fuel  flow.  This  behav iour   of  the  oxygen 
wi l l   r e s u l t   in  loca l   hot  spots  in  the  r e a c t o r ,   t he reby   p o s s i b l y  

caus ing   damage  to  the  r e a c t o r   r e f r a c t o r y   l i n i n g   and  i n c r e a s e d   h e a t  

f luxes   to  the  b u r n e r ( s )   a p p l i e d .  



S u f f i c i e n t   mixing  of  the  so l id   fuel  and  the  oxygen  can  be 

a t t a i n e d   by  adding  the  oxygen  to  the  so l id   fuel  flow  in  the  b u r n e r  

i t s e l f .   A  d i s a d v a n t a g e   of  th i s   method  c o n s i s t s ,   however,  t h e r e i n  

t h a t  -   e s p e c i a l l y   at  high  p r e s s u r e   g a s i f i c a t i o n  -   the  design  and 

o p e r a t i o n   of  the  burner   are  h igh ly   c r i t i c a l .   The  reason  for  t h i s  

is  that   the  time  e l a p s i n g   between  the  moment  of  mixing  and  t h e  

moment  the  f u e l / o x y g e n   mix ture   en t e r s   into  the  r e a c t o r   zone  s h o u l d  

be  i n v a r i a b l y   s h o r t e r   than  the  combust ion  i n d u c t i o n   time  of  t h e  

mix tu re .   Moreover,   the  v e l o c i t y   of  the  mixture   ins ide   the  b u r n e r  

should  be  h ighe r   than  the  flame  p r o p a g a t i o n   v e l o c i t y   in  order  t o  

avoid  f l a s h b a c k .   However,  the  combust ion  i n d u c t i o n   time  s h o r t e n s  

and  the  flame  p r o p a g a t i o n   v e l o c i t y   i n c r e a s e s   at  a  r i se   in  g a s i f i -  
c a t i on   p r e s s u r e .   F u r t h e r ,   if  the  burner   is  opera ted   at  a  low  f u e l  

load  or,  in  o ther   words,  if  the  v e l o c i t y   of  the  f u e l / o x y g e n   m i x -  

ture   in  the  burner   is  low,  the  combust ion  i n d u c t i o n   time  or  f l a s h -  

back  c o n d i t i o n   might  e a s i l y   be  reached  in  the  burner   i t s e l f ,   r e -  

s u l t i n g   in  o v e r h e a t i n g   and  p o s s i b l y   severe   damage  to  the  b u r n e r .  

The  above  problem  of  p remature   combust ion  does  not  occur  i f  

the  fuel  and  oxygen  are  mixed  o u t s i d e   the  burner   in  the  r e a c t o r  

zone.  In  th i s   case  s p e c i a l   measures  are  to  be  taken  to  ensure  a 
s u f f i c i e n t   mixing  n e c e s s a r y   for  an  e f f e c t i v e   g a s i f i c a t i o n   of  t h e  

fuel  as  d i s c u s s e d   in  the  above.  A  drawback  of  mixing  fuel  and 

oxygen  in  the  r e a c t o r   zone  o u t s i d e   the  burner   is  the  r i s k   of  o v e r -  

h e a t i n g   the  b u r n e r f r o n t   due  to  the  hot  flame  gene ra t ed   by  p rema-  
ture   con t ac t   of  oxygen  with  product   gas,  v iz .   carbon  monoxide  and 

hydrogen,   p r e s e n t   in  the  r e a c t o r   zone.  To  promote  an  i n t i m a t e  

mixing  of  fuel  and  oxygen,  it  has  a l r eady   been  proposed  to  i n t r o -  

duce  the  oxygen  as  high  v e l o c i t y   j e t s   into  the  fuel  flow.  Such 

high  v e l o c i t y   j e t s ,   however,  cause  an  easy  e n t r a i n m e n t   of  r e a c t o r  

gases ,   with  the  r i s k   of  the  fo rmat ion   of  zones  of  o v e r h e a t i n g   i n  

the  r e a c t o r   space.  As  a l r eady   ment ioned  in  the  above  such  zones  
of  o v e r h e a t i n g   may  e a s i l y   cause  damage  to  the  r e f r a c t o r y   l i n i n g  
of  the  r e a c t o r   and  the  f ront   part   of  the  b u r n e r .  



An  objec t   of  the  p r e sen t   i n v e n t i o n   is  to  p rov ide   an  improved  

burner   for  g a s i f y i n g   a  so l id   fue l ,   with  which  a  proper   mixing  o f  

fuel  and  oxygen  o u t s i d e   the  burner   can  be  achieved  wi thou t   t h e  

above  d i s a d v a n t a g e   a t t ended   with  f u e l / o x y g e n   mixing  when  u s i n g  

known  b u r n e r s .  

The  burner   for  g a s i f y i n g   a  f i n e l y   d iv ided   so l id   fuel  t h e r e t o  

comprises   acco rd ing   to  the  i n v e n t i o n   an  oxygen  supply  passage ,   a 

so l id   fuel  supply  passage  c o a x i a l l y   a r ranged   i n s ide   the  oxygen  

supply  passage ,   the  oxygen  supply  passage  debouching  into  a  c e n -  

t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  and  via  a  c o n s t r i c t e d  

passage  into  a  s e p a r a t e   annu la r   low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e ,  

said  c o n s t r i c t e d   passage  being  a r ranged   at  or  downstream  of  t h e  

upst ream  end  of  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   p a s s a g e ,  

the  so l id   fuel  supply  passage  debouching  into  a  so l i d   fuel  o u t l e t  

passage  a r ranged  between  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t  

passage  and  the  annula r   low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e .  
The  c o n s t r i c t e d   passage  between  the  c e n t r a l   oxygen  s u p p l y  

passage  and  the  annu la r   low  v e l o c i t y   oxygen  o u t l e t   passage  may 
be  formed  in  d i f f e r e n t   ways.  In  order   to  promote  a  uniform  o u t -  

flow  of  oxygen  th is   c o n s t r i c t e d   passage  is  s u i t a b l y   formed  by 

e i t h e r   a  p l u r a l i t y   of  channels   un i fo rmly   d i s t r i b u t e d   over  t h e  

annu la r   low  v e l o c i t y   oxygen  o u t l e t   passage  or  by  an  a n n u l u s  

c o a x i a l l y   a r ranged   with  the  annu la r   low  v e l o c i t y   oxygen  o u t l e t  

p a s s a g e .  
To  f u r t h e r   reduce  the  out f low  v e l o c i t y   of  the  oxygen  from  t h e  

low  v e l o c i t y   oxygen  o u t l e t   passage ,   the  annula r   low  v e l o c i t y   o x y -  

gen  o u t l e t   passage  p r e f e r a b l y   widens  g r a d u a l l y   in  downs t r eam 

d i r e c t i o n .   In  th i s   manner  the  oxygen  v e l o c i t y   in  the  c e n t r a l   oxy -  

gen  supply  passage  can  be  chosen  r e l a t i v e l y   high  wi thout   a f f e c t i n g  

the  s h i e l d i n g   ac t i on   of  the  low  v e l o c i t y   oxygen  i s s u i n g   from  t h e  

low  v e l o c i t y   oxygen  o u t l e t   passage  dur ing  o p e r a t i o n   of  a  b u r n e r  

accord ing   to  the  i n v e n t i o n .  

During  o p e r a t i o n   the  low  v e l o c i t y   oxygen  i s s u i n g   from  the  low 

v e l o c i t y   oxygen  o u t l e t   passage  forms  a  s h i e l d   around  the  h i g h  



v e l o c i t y   oxygen  and  the  so l id   fuel  flow,  thereby  p r e v e n t i n g   e x c e s -  
sive  s u c t i o n   of  hot  r e a c t o r   gases  by  the  high  v e l o c i t y   oxygen  f l o w .  

The  s u c t i o n   of  hot  r e a c t o r   gases  along  the  burner   f ront   might  c a u s e  

o v e r h e a t i n g   and  even  damage  to  the  burner   i t s e l f .   Apart  from  fo rm-  

ing  a  p r o t e c t i o n   sh i e ld   p r e v e n t i n g   o v e r h e a t i n g   of  the  burner   f r o n t ,  

the  low  v e l o c i t y   oxygen  flow  f u r t h e r   serves   to  supply  a d d i t i o n a l  

oxygen  for  comple t ion   of  the  so l id   fuel  g a s i f i c a t i o n .  

The  q u a l i t y   of  the  so l id   fuel  to  be  g a s i f i e d   sets   r e q u i r e m e n t s  

to  the  mixing  i n t e n s i t y   n e c e s s a r y   for  a  proper   con t ac t   of  the  s o l i d  

fuel  with  the  g a s i f i c a t i o n   medium,  formed  by  pure  oxygen  or  oxygen 
c o n t a i n i n g   gas.  Depending  on  the  mixing  i n t e n s i t y   r e q u i r e d ,   t h e  

so l id   fuel  o u t l e t   passage  may  be  a r ranged   p a r a l l e l   to  the  c e n t r a l  

high  v e l o c i t y   oxygen  o u t l e t   passage  or  in  a  p o s i t i o n   t a p e r i n g   i n  

downstream  d i r e c t i o n   towards  said  high  v e l o c i t y   oxygen  o u t l e t  

p a s s a g e .  

To  a t t a i n   an  optimum  e f f e c t   of  the  low  v e l o c i t y   oxygen  s h i e l d ,  

the  sh i e ld   should  p r e f e r a b l y   be  formed  c l o s e l y   around  the  s o l i d  

fuel  flow.  This  means  that   the  annu la r   low  v e l o c i t y   oxygen  o u t l e t  

passage  and  the  so l id   fuel  o u t l e t   passage  should  be  a r ranged   so  as  

to  fol low  p a r a l l e l   t r a j e c t o r i e s ,   or  in  o ther   words  both  p a s s a g e s  
should  be  e i t h e r   p a r a l l e l   to  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t -  

let   passage  or  t a p e r i n g   in  downstream  d i r e c t i o n .  

If  the  proposed  burner   is  in tended   for  r e l a t i v e l y   low  t h r o u g h -  

puts  of  so l id   fue l ,   the  so l i d   fuel  o u t l e t   passage  may  a d v a n t a g e o u s -  

ly  be  formed  by  an  annular   condui t   s e p a r a t i n g   the  c e n t r a l   h i g h  

v e l o c i t y   oxygen  o u t l e t   passage  from  the  annula r   low  v e l o c i t y   oxy-  

gen  o u t l e t   passage .   The  annular   condui t   should  have  a  r a t h e r  

l i m i t e d   t h i c k n e s s   in  order   to  enable  a l l   the  so l id   fuel  p a r t i c l e s  

to  be  c o n t a c t e d   with  oxygen .  
For  a ccompl i sh ing   r e l a t i v e l y   la rge   t h r o u g h p u t s ,   it  is  a d v i s -  

able  to  r e f r a i n   from  a p p l i c a t i o n   of  an  annular   o u t l e t   passage  s i n c e  

such  an  annulus  would  n e c e s s a r i l y   have  a  r a t h e r   la rge   t h i c k n e s s ,  

not  s u i t a b l e   for  a  proper   con t ac t   of  al l   the  so l id   fuel  p a r t i c l e s  

with  oxygen.  



If  the  proposed  burner   is  in tended   for  high  t h roughpu t s   it  i s  

t h e r e f o r e   a d v i s a b l e   to  form  the  so l i d   fuel  o u t l e t   passage  by  a 

p l u r a l i t y   of  spaced  a p a r t ,   r e l a t i v e l y   smal l ,   o u t l e t   c o n d u i t s .   An 

advantage  of  th is   a r rangement   c o n s i s t s   h e r e i n   that   r e l a t i v e l y   t h i n  

so l id   fuel  flows  can  be  g e n e r a t e d   which  are  each  f u l l y   s u r r o u n d e d  

by  oxygen.  These  condu i t s   are  s u i t a b l y   un i fo rmly   d i s t r i b u t e d   o v e r  

a  t u b u l a r   element  s e p a r a t i n g   the  c e n t r a l   high  v e l o c i t y   oxygen  o u t -  

let   passage  from  the  annu la r   low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e .  
The  so l id   fuel  o u t l e t   condu i t s   may  be  a r ranged   o u t s i d e   the  t u b u l a r  

element  or  at  the  inner  s u r f a c e   t h e r e o f .  

In  a  v a r i a n t   of  the  above  burner   a cco rd ing   to  the  i n v e n t i o n  

the  wall  of  the  t u b u l a r   member  is  p rovided   with  holes   for  t h e  

passage  of  so l id   f u e l .  

The  so l id   fuel  supply  passage  is  formed  by  a  channe l ,   p r e f e r -  

ably  with  a  c y l i n d r i c a l   shape,  which  channel   is  c e n t r a l l y   a r r a n g e d  
i n s i d e   the  oxygen  supply  passage  to  ob ta in   a  symmetric  a r r a n g e m e n t  
of  the  burner  i n t e r n a l s   which  is  favourabe   for  r educ ing   v i b r a t i o n  

dur ing  o p e r a t i o n .   As  known  in  the  a r t ,   the  c r o s s - s e c t i o n a l   area  o f  

the  so l id   fuel  o u t l e t   passage  should  p r e f e r a b l y   be  chosen  equal  t o  

the  c r o s s - s e c t i o n a l   area  of  the  so l id   fuel  o u t l e t   passage  t o  

reduce  the  r i s k   of  s t agnan t   zones  in  the  so l i d   fuel  p a s s a g e s .  
The  oxygen  v e l o c i t y   in  the  c e n t r a l   o u t l e t   passage  should  be  

chosen  s u f f i c i e n t l y   high  to  enable  an  easy  b r e a k i n g - u p   of  t h e  

so l id   fuel  flow.  S u i t a b l e   v e l o c i t i e s   for  the  c e n t r a l   oxygen  a r e  
chosen  at  l e a s t   60  m/sec,   even  more  s u i t a b l e   are  oxygen  v e l o c i t i e s  

of  at  l e a s t   90  m/sec.   In  order   to  m a i n t a i n   the  oxygen  flow  v e l o c i -  

t i e s   in  the  oxygen  supply  passage  at  an  admissab le   l eve l   w i t h o u t  

a f f e c t i n g   the  r e q u i r e d   minimum  v e l o c i t y   of  the  oxygen  in  t h e  

c e n t r a l   o u t l e t   passage ,   the  t o t a l   c r o s s - s e c t i o n a l   area  of  t h e  

c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  and  the  c o n s t r i c t e d  

passage  is  p r e f e r a b l y   s u b s t a n t i a l l y   equal  to  and  even  more  p r e f e r -  

ably  smal ler   than  the  c r o s s - s e c t i o n a l   area  of  the  oxygen  s u p p l y  

p a s s a g e .  



The  p r e sen t   i n v e n t i o n   f u r t h e r   r e l a t e s   to  a  p rocess   for  t h e  

g a s i f i c a t i o n   of  a  f i n e l y   d iv ided   so l id   fue l ,   which  process   com- 

p r i s e s   using  one  or  more  burners   of  the  above-ment ioned   t y p e  

acco rd ing   to  the  i n v e n t i o n .   When  using  such  a  burner   the  s o l i d  

fuel  to  be  g a s i f i e d   is  i n t r o d u c e d   into  a  r e a c t o r   space  downs t ream 

of  the  burner   as  an  annulus  around  a  flow  of  high  v e l o c i t y   oxygen ,  
while   the  so l id   fuel  annular   flow  i t s e l f   is  sur rounded  by  a  p r o -  

t e c t i n g   sh i e ld   of  low  v e l o c i t y   oxygen .  
The  oxygen  l eav ing   the  annulus  around  the  so l id   fuel  and 

c e n t r a l   oxygen  passages   serves   amongst  o ther   th ings   as  f u r t h e r  

combust ion  medium  for  comple t ing   the  g a s i f i c a t i o n   of  the  s o l i d  

fue l .   As  a l r eady   ment ioned  in  the  above  the  annula r   low  v e l o c i t y  

oxygen  flow  has  a  f u r t h e r   f u n c t i o n   in  that   it  forms  a  s h i e l d  

around  the  so l i d   fuel  flow  and  c e n t r a l   high  v e l o c i t y   oxygen  f l o w ,  

thereby   s u p p r e s s i n g   s u c t i o n   of  hot  r e a c t o r   gases  along  the  b u r n e r -  

f ron t   towards  the  high  v e l o c i t y   oxygen  flow.  The  low  v e l o c i t y  

oxygen  sh i e ld   f u r t h e r   s u p p r e s s e s   escape  of  so l id   fuel  t h e r e b y  

a d v a n t a g e o u s l y   i n f l u e n c i n g   the  c o n v e r s i o n   r a t e ,   i . e .   the  q u a n t i t y  

of  so l id   fuel  which  is  conve r t ed   into  v a l u a b l e   product   gas  v e r s u s  

the  q u a n t i t y   of  so l id   fuel  s u p p l i e d .  

In  order  to  a t t a i n   a  s u f f i c i e n t   s u p p r e s s i o n   of  s u c t i o n   of  h o t  

r e a c t o r   gases  along  the  burner   f r o n t ,   the  v e l o c i t y   of  the  a n n u l a r  

low  v e l o c i t y   oxygen  flow  is  p r e f e r a b l y   at  most  about  50  m/sec,   and 

even  more  p r e f e r a b l y   at  most  about  30  m / s e c .  

Apart  from  the  purpose  of  g a s i f i c a t i o n   the  c e n t r a l   oxygen 
flow  has  a  primary  f unc t i on   in  that   it  serves   to  break  up  the  s o l i d  

fuel  flow.  The  v e l o c i t y   of  the  c e n t r a l   oxygen  should  p r e f e r a b l y   be  

in  the  order   of  magni tude  of  at  l e a s t   about  60  m/sec  to  p r o v i d e  

s u f f i c i e n t   momentum  for  b reak ing   up  the  so l id   fuel  flow.  Even  more 

p r e f e r a b l y ,   the  c e n t r a l   oxygen  flow  has  a  v e l o c i t y   of  at  l e a s t  

about  90  m / s e c .  

For  m a i n t a i n i n g   the  r e a c t o r   t e m p e r a t u r e   at  an  admissab le   l e v e l  

a  modera tor   gas  may  be  added  to  the  oxygen  pass ing   through  t h e  

oxygen  supply  passage .   The  modera tor   gas  may  be  formed  by  f o r  



example  steam,  carbon  d i o x i d e ,   n i t r o g e n   and  cold  r e a c t o r   g a s .  
The  i n v e n t i o n   w i l l   now  be  f u r t h e r   i l l u s t r a t e d   with  r e f e r e n c e  

to  the  accompanying  d rawings ,   in  wh ich  

Figure  1  shows  a  l o n g i t u d i n a l   s e c t i o n   of  the  f ron t   part   of  a 

f i r s t   burner  a cco rd ing   to  the  i n v e n t i o n ;  

Figure  2  is  a  f ron t   view  of  the  burner   shown  in  Figure   1; 

Figure  3  shows  a  l o n g i t u d i n a l   s e c t i o n   of  the  f ron t   part   of  a 

second  burner  acco rd ing   to  the  i n v e n t i o n ;   and 

Figure  4  shows  s e c t i o n   IV-IV  of  the  burner   shown  in  F igure   3 .  

It  should  be  noted  that   the  i n v e n t i o n   is  by  no  means  l i m i t e d   t o  

the  d e s c r i p t i o n   based  on  these   d r a w i n g s .  

Figures   1  and  2  of  the  drawings  r e p r e s e n t   a  f i r s t   embodiment  

of  a  burner  a cco rd ing   to  the  i n v e n t i o n ,   which  bu rne r ,   g e n e r a l l y  

i n d i c a t e d   with  r e f e r e n c e   numeral  1,  is  in tended   for  the  g a s i f i c a t -  

ion  of  a  f i n e l y   d iv ided   so l i d   fue l ,   such  as  p u l v e r i s e d   coal .   The 

said  burner  1  compr ises   a  s u b s t a n t i a l l y   c y l i n d r i c a l   hol low,   i n t e r -  

na l ly   cooled,   wall  member.  2,  having  an  en l a rged   endpar t   f o r m i n g  

the  burner  f ron t   face  3  which  extends  s u b s t a n t i a l l y   normal  to  t h e  

l o n g i t u d i n a l   axis  4  of  the  bu rne r .   The  i n t e r i o r   of  the  hollow  w a l l  

member  2  is  p rovided   with  a  s u b s t a n t i a l l y   c o n c e n t r i c   p a r t i t i o n  

wall  5  having  an  en l a rged   endpar t   6  a r ranged   near  the  burner   f r o n t  

face  3.  The  p a r t i t i o n   wall  5  d i v i d e s   the  i n t e r i o r   of  the  h o l l o w  

wall  member  2  into  passages   7  and  8  for  the  c i r c u l a t i o n   of  a  c o o l -  

ing  f lu id   t h e r e t h r o u g h .   The  hollow  wall  member  2  enc lo se s   a  v i r -  

t u a l l y   c e n t r a l l y   a r ranged   oxygen  supply  passage  9,  in  which  p a s -  

sage  a  s u b s t a n t i a l l y   c o n c e n t r i c a l l y   a r ranged   so l id   fuel  s u p p l y  

passage  10  is  p o s i t i o n e d .   This  so l id   fuel  supply  passage  10  i s  

s e p a r a t e d   from  the  oxygen  supply  passage  9  by  a  s u b s t a n t i a l l y  

c y l i n d r i c a l   wall  11.  

In  the  embodiment  a cco rd ing   to  F igure   1  the  so l i d   fuel  s u p p l y  

passage  10  is  near  the  burner   f ron t   face  3  s p l i t t e d   up  into  f o u r  

s e p a r a t e   so l id   fuel  o u t l e t   passages   12  spaced  apar t   from  one  a n -  

o the r .   To  g u a r a n t e e   a  smooth  ou t f low  of  so l id   fuel  from  the  s o l i d  

fuel  supply  passage  10  into  the  so l id   fuel  o u t l e t   passages   12,  t h e  



upper  pa r t s   of  the  l a t t e r   passages   are  only  s l i g h t l y   ou twardly   i n -  

c l i n e d .   As  shown  in  F igure   1,  the  upper  pa r t s   of  the  so l id   f u e l  

o u t l e t   passages   12  are  formed  by  holes  provided  in  a  so l id   block  13, 

s u b s t a n t i a l l y   c e n t r a l l y   mounted  in  the  oxygen  supply  passage  9  v i a  

a  p l u r a l i t y   of  spacer   e lements   14.  The  major  pa r t s   of  the  s o l i d  

fuel  o u t l e t   passages   12  are  formed  by  t u b u l a r   e lements   15,  f i r m l y  

secured  to  the  so l id   block  13.  To  f u r t h e r   suppress   the  o c c u r r e n c e  

of  s t agnan t   zones  in  the  so l id   fuel  passages   the  t o t a l   c r o s s - s e c t -  

ional   area  of  the  so l id   fuel  o u t l e t   passages   12  is  chosen  s u b s t a n t -  

i a l l y   equal  to  the  c r o s s - s e c t i o n a l   area  of  the  so l id   fuel  s u p p l y  

passage  10.  

The  oxygen  supply  passage  9  debouches  near  the  burner   f r o n t  

face  3  into  a  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  16  and 

via  a  s u b s t a n t i a l l y   annular   c o n s t r i c t e d   passage  17  into  a  s u b s t a n t -  

i a l l y   annular   low  v e l o c i t y   o u t l e t   passage  18.  As  c l e a r l y   shown  i n  

Figure   1,  the  passages   17  and  18  form  in  fact   par t   of  a  v e n t u r i -  

shaped  s u b s t a n t i a l l y   annula r   opening.   The  ra te   of  widening  of  t h e  

low  v e l o c i t y   oxygen  o u t l e t   passage  18  depends  on  the  r e q u i r e d  

v e l o c i t y   of  the  oxygen  i s s u i n g   from  said  p a s s a g e .  
The  annu la r   low  v e l o c i t y   oxygen  o u t l e t   passage  18  is  s e p a r a t e d  

from  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  16  by  means  o f  

a  s u b s t a n t i a l l y   c o n c e n t r i c a l l y   a r ranged   hollow  t u b u l a r   element  19 

su r round ing   the  t ubu l a r   e lements   15  for  the  passage  of  so l id   f u e l .  

Reference   is  now  made  to  F igures   3  and  4,  showing  a  f u r t h e r  

embodiment  of  a  burner   acco rd ing   to  the  p r e sen t   i n v e n t i o n .  

It  should  be  noted  that   i d e n t i c a l   e lements   of  the  two  shown 

burne r s   have  been  i n d i c a t e d   with  the  same  r e f e r e n c e   n u m e r a l .  

In  th i s   f u r t h e r   embodiment  the  oxygen  supply  passage  9  d e -  

bouches  via  a  p l u r a l i t y   of  s e p a r a t e   channels   20  into  an  a n n u l a r  

low  v e l o c i t y   oxygen  o u t l e t   passage  21,  widening  in  downs t ream 

d i r e c t i o n .   The  channels   20  are  s u b s t a n t i a l l y   un i fo rmly   d i s t r i b u t e d  

around  the  l o n g i t u d i n a l   burner   axis  4.  The  so l id   fuel  o u t l e t   p a s -  

sages ,   i n d i c a t e d   with  r e f e r e n c e   numeral  22,  in  th is   f u r t h e r   em- 

bodiment  are  formed  by  holes   a r ranged   in  the  wall  of  a  t u b u l a r  



element  23.  Said  passages   are  each  formed  by  a  f i r s t   o u t w a r d l y  

i n c l i n e d   upper  pa r t ,   an  i n t e r m e d i a t e   s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

l o n g i t u d i n a l   burner   axis  4,  and  an  inwardly   i n c l i n e d   lower  p a r t .  

The  inwardly  i n c l i n e d   lower  pa r t s   of  the  so l id   fuel  o u t l e t   p a s s a g e s  

cause  during  o p e r a t i o n   the  so l id   fuel  to  flow  towards  the  h i g h  

v e l o c i t y   oxygen  i s s u i n g   from  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t -  

let  passage  16,  the reby   promoting  i n t e n s e   mixing  of  the  fuel  w i t h  

oxygen.  To  c l o s e l y   surround  the  so l i d   fuel  and  high  v e l o c i t y   oxygen 
with  a  p r o t e c t i v e   sh i e ld   of  low  v e l o c i t y   oxygen,  the  annular   low 

v e l o c i t y   o u t l e t   passage  21  and  the  end  pa r t s   of  the  so l id   f u e l  

o u t l e t   passages   fol low  s u b s t a n t i a l l y   p a r a l l e l   t r a j e c t o r i e s .  

The  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  16  is  i n  

f l u id   communicat ion  with  the  oxygen  supply  passage  via  a  p l u r a l i t y  

of  channels   24  formed  in  the  wall  of  t u b u l a r   element  23  b e t w e e n  

ad j acen t   so l id   fuel  o u t l e t   passages   22.  It  should  be  noted  t h a t  

the  t o t a l   c r o s s - s e c t i o n a l   area  of  the  channels   24  is  p r e f e r a b l y   a t  

l e a s t   equal  to  the  c r o s s - s e c t i o n a l   area  of  the  high  v e l o c i t y   oxygen 

o u t l e t   passage  16  to  promote  a  uniform  high  v e l o c i t y   out f low  o f  

oxygen  during  o p e r a t i o n   of  the  b u r n e r .  

As  shown  in  F igures   1  and  3,  the  c o n s t r i c t e d   passage  formed 

by  annulus  17  and  channels   20,  r e s p e c t i v e l y ,   is  a r ranged  down- 

stream  of  the  ups t ream  end  of  the  c e n t r a l   high  v e l o c i t y   oxygen 
o u t l e t   passage  16.  The  c o n s t r i c t e d   passage  may,  however,  also  be  

a r ranged  at  the  ups t ream  end  of  the  c e n t r a l   oxygen  o u t l e t   p a s s a g e ,  

to  ob ta in   a  c e n t r a l   high  v e l o c i t y   oxygen  flow  and  an  annular   low 

v e l o c i t y   oxygen  flow.  Although  in  the  F igures   shown  the  low  v e l o -  

c i t y   oxygen  o u t l e t   passage  is  formed  by  an  annulus ,   it  is  n o t e d  

that   said  passage  may  also  be  formed  by  a  p l u r a l i t y   of  s e p a r a t e  

channels   forming  t o g e t h e r ,   at  l e a s t   at  t h e i r   downstream  end,  a 

s u b s t a n t i a l l y   a n n u l u s .  



1.  Burner  for  the  g a s i f i c a t i o n   of  a  f i n e l y   d iv ided   so l id   f u e l ,  

compr is ing   an  oxygen  supply  passage  (9)  and  a  so l id   fuel  s u p p l y  

passage  (10)  c o a x i a l l y   a r ranged  ins ide   the  oxygen  supply  p a s s a g e ,  

the  oxygen  supply  passage  debouching  into  a  c e n t r a l   high  v e l o c i t y  

oxygen  o u t l e t   passage  (16)  and  via  a  c o n s t r i c t e d   passage  (17)  i n t o  

a  s e p a r a t e   annular   low  v e l o c i t y   oxygen  o u t l e t   passage  (18),   s a i d  

c o n s t r i c t e d   passage  being  a r ranged  at  or  downstream  of  the  u p -  

s t ream  end  of  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   p a s s a g e ,  

the  so l i d   fuel  supply  passage  debouching  into  a  so l i d   fuel  o u t l e t  

passage  (12)  a r ranged  between  the  c e n t r a l   high  v e l o c i t y   oxygen 
o u t l e t   passage  and  the  annular   low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e .  
2.  Burner  accord ing   to  claim  1,  wherein  the  c o n s t r i c t e d   p a s s a g e  
is  c o n c e n t r i c a l l y   a r ranged  with  the  oxygen  supply  p a s s a g e .  
3.  Burner  accord ing   to  claim  2,  wherein  the  c o n s t r i c t e d   p a s s a g e  
is  formed  by  a  p l u r a l i t y   of  un i fo rmly   spaced  apar t   c h a n n e l s .  

4.  Burner  accord ing   to  claim  2,  wherein  the  c o n s t r i c t e d   p a s s a g e  
is  formed  by  an  annular   s l i t .  

5.  Burner  accord ing   to  any one  of  the  claims  1-4,  wherein  t h e  

annular   low  v e l o c i t y   oxygen  o u t l e t   passage  g r a d u a l l y   widens  i n  

downstream  d i r e c t i o n .  

6.  Burner  accord ing   to  any one  of  the  claims  1-5,  wherein  t h e  

annular   low  v e l o c i t y   o u t l e t   passage  and  the  so l id   fuel  o u t l e t  

passage  each  have  a  c y l i n d r i c a l   s h a p e .  

7.  Burner  accord ing   to  any one  of  the  claims  1-5,  wherein  t h e  

annular   low  v e l o c i t y   oxygen  o u t l e t   passage  and  the  so l id   fuel  o u t -  

let   passage  each  taper   in  downstream  d i r e c t i o n .  

8.  Burner  accord ing   to  any one  of  the  claims  1-7,  wherein  t h e  

so l id   fuel  o u t l e t   passage  is  formed  by  an  annular   condui t   s e p a r a t -  

ing  the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  from  the  a n n u -  

lar  low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e .  



9.  Burner  accord ing   to  any one  of  the  claims  1-7,  wherein  t h e  

so l id   fuel  o u t l e t   passage  is  formed  by  a  p l u r a l i t y   of  spaced  a p a r t  

condui t s   un i fo rmly   d i s t r i b u t e d   over  a  t u b u l a r   element  s e p a r a t i n g  

the  c e n t r a l   high  v e l o c i t y   oxygen  o u t l e t   passage  from  the  a n n u l a r  

low  v e l o c i t y   oxygen  o u t l e t   p a s s a g e .  
10.  Burner  acco rd ing   to  any one  of  the  claims  1-9,  wherein  t h e  

sol id   fuel  supply  passage  is  formed  by  a  c y l i n d r i c a l   c h a n n e l  

c e n t r a l l y   a r ranged   i n s ide   the  oxygen  supply  p a s s a g e .  

11.  Process   for  the  g a s i f i c a t i o n   of  a  f i n e l y   d iv ided   so l id   f u e l  

with  oxygen,  which  process   comprises   using  one  or  more  b u r n e r s  

accord ing   to  any one  of  the  claims  1 - 1 0 .  
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