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combustion  air  in  a  particular  configuration.  Thus  fuel  nozzle  ment,  the  converging 
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pattern.  A  portion  of  the  primary  combustion  air  is  injected  baffle  plate  60  that  surro 
toward  the  stream  of  liquid  fuel  in  a  converging  annular  at  an  angle  of  30°  with 
frustrum  pattern  and  which  creates  an  extremely  uniform  nozzle  means  48. 
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fuel/air  mixture  and  a  stable  flame.  In  a  preferred  embodi- 
ment,  the  converging  annular  frustrum  through  which 
primary  air  is  injected  is  formed  between  the  outer  surface  of 
the  fuel  nozzle  means  48  and  an  inner  flange  or  lip  66  of  a 
baffle  plate  60  that  surrounds  the  fuel  nozzle  means  48  and  is 
at  an  angle  of  30°  with  respect  to  the  main  axis  of  the  fuel 
nozzle  means  48. 
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A n   air-fuel  mixing  device  mixes  fuel  and  primary 
combustion  air  in  a  particular  configuration.  Thus  fuel  nozzle 
48  sprays  the  liquid  fuel  into  the  primary  combustion 
chamber  or  zone  36  of  a  combustor  30  in  a  hollow  conical 
pattern.  A  portion  of  the  primary  combustion  air  is  injected 
toward  the  stream  of  liquid  fuel  in  a  converging  annular 
frustrum  pattern  and  which  creates  an  extremely  uniform 

fuel/air  mixture  and  a  stable  flame.  In  a  preferred  embodi- 
ment,  the  converging  annular  frustrum  through  which 
primary  air  is  injected  is  formed  between  the  outer  surface  of 
the  fuel  nozzle  means  48  and  an  inner  flange  or  lip  66  of  a 
baffle  plate  60  that  surrounds  the  fuel  nozzle  means  48  and  is 
at  an  angle  of  30°  with  respect  to  the  main  axis  of  the  fuel 
nozzle  means  48. 



This  i n v e n t i o n   r e l a t e s   to  an  a i r   fuel  mixing  device  and  a  method 

for  c r e a t i n g   a  s t a b l e   flame,  both  for  use  in  a  combustor  t h a t  

can  be  used  for  burning  l i q u i d   fuel  for  purposes   such  as  gas  
t u rb ine   eng ines ,   hea t ing   uni ts   and/or   for  the  v a p o r i z a t i o n   o f  

c ryogenic   l i q u i d s   such  as  n i t r o g e n .  

In  such  combus tors ,   a  l i q u i d   fuel  such  as  oil  is  i n t roduced   i n t o  

a  primary  combustion  chamber  where  i t   is  combined  with  a i r   t o  

form  a  combus t ib l e   mix ture .   The  a i r   is  gene ra l l y   suppl ied   by 

means  of  a d m i t t i n g   primary  combustion  a i r   into  the  combus t ion  

chamber  where  it   mixes  with  the  atomized  l i q u i d   f u e l .  

Various  means  have  been  used  to  e s t a b l i s h   a  s t ab l e   flame  p a t t e r n  

to  r e t a i n   the  maximum  cont ro l   in  burning  and  prevent   uneven 

burning  t ha t   could  ove rhea t   c e r t a i n   pa r t s   of  the  l i n e r   or  be  so 

uns tab le   as  to  o c c a s i o n a l l y   flame  out  and  requ i re   r e i g n i t i o n .  

In  the  p r e s e n t   combustors ,   s w i r l i n g   vanes  are  commonly  used  t o  

swirl  the  a i r   as  i t   impinges  upon  the  stream  of  l i qu id   fuel  f rom 

the  fuel  nozz le .   The  number  and  size  of  holes  is  e s t a b l i s h e d   a s  

needed  to  obta in   the  proper  swirl  to  such  primary  combus t i on  

a i r .   For  a  d e s c r i p t i o n   of  such  combustion  mixing  devices ,   n o t e  

the  Gas  Turbine  Eng inee r ing   Handbook,  Sec t ion   5  "Combustors"  by 

Herber t   R  Hazard.  As  noted  in  tha t   p u b l i c a t i o n ,   the  p r e sen t   a r t  

suggests   a  s w i r l i n g   motion  of  the  primary  air   and  the  c r e a t i o n  

of  a  low  p r e s s u r e   area  at  the  combustion  axis  to  c o n t i n u a l l y  

r e c i r c u l a t e   the  flame  toward  the  fuel  n o z z l e .  



The  d i f f i c u l t i e s   in  des ign ing   such  a  s w i r l i n g   motion  a r e ,  
however,  i n t e n s i f i e d   by  the  need  to  deal  with  both  t a n g e n t i a l  

and  axial   d i r e c t i o n s   of  flow  so  t ha t   the  f inal   flame  p a t t e r n  

often  r e q u i r e s   extremely  r i go rous   a n a l y s i s   to  be  p r e d i c t e d   w i t h  

c e r t a i n t y .   As  shown  on  page  73  of  the  above  p u b l i c a t i o n ,   t h e  

a r t   c o n s i d e r e d   many  d i f f e r e n t   means  of  approaching  the  p rob lem.  

It  is  an  aim  of  the  p re sen t   i n v e n t i o n   to  a l l e v i a t e   g r e a t l y   t h e  

a f o r e m e n t i o n e d   d i f f i c u l t i e s   in  de s ign ing   a  mixing  device  o r  

means  to  produce  a  s t ab l e   flame.  In  e ssence ,   in  the  p r e s e n t  

i n v e n t i o n   a  converging  cone  of  primary  combustion  a i r   i s  

i n j e c t e d   into  and  impinges  upon  a  d ive rg ing   hollow  cone  o f  

l i q u i d   fuel  sprayed  into  the  primary  combustion  chamber  by  t h e  

fuel  nozz le .   The  air   fuel  mixing  device  and  method  are  d e f i n e d  

in  the  accompaying  c l a i m s .  

The  mixing  device  of  the  i n v e n t i o n   allows  a  low  cost   design  f o r  

mixing  a i r   and  l i q u i d   fuel  over  a  wide  range  of  f u e l / a i r  

mix tu re s .   The  flame  i t s e l f   is  very  s t a b l e   and  is  not  s e n s i t i v e  

to  an  i nba lance   in  flow  or  p r e s s u r e s   of  numerous  j e t s   o f  

incoming  a i r .  

By  i n t r o d u c i n g   the  secondary  combustion  a i r   f u r t h e r   downstream 

of  the  ac tual   flame,  the  flame  s t a b i l i t y   is  also  u n a f f e c t e d   by 

changes  in  flow  of  the  secondary  combustion  a i r .  

Since  the  converging  cone  of  primary  combustion  a i r   is  u n i f o r m ,  

i t   is  able  to  pull  the  root  flame  away  from  the  inner   walls   o r  

su r faces   of  a  combustor  i n c l u d i n g   a  mixing  device  accord ing   t o  

the  i nven t ion   and  thus  even  the  inner   su r f aces   of  such  combus to r  

can  be  c o n s t r u c t e d   of  normal  s t e e l ,   i . e .   50  mil.  p la te   of  310 

s t a i n l e s s   s teel   and  not  r equ i r e   r e f r a c t o r y   m a t e r i a l s .  

The  overa l l   costs   of  manufac tu r ing   the  combustor  i t s e l f ,   w i t h  

r e spec t   to  m a t e r i a l s   and  f a b r i c a t i o n   su r round ing   the  mix ing  

zone,  can  be  reduced  (in  comparison  with  c o n v e n t i o n a l  

c o m b u s t o r s ) .  

The  i nven t ion   will  now  be  de sc r ibed   by  way  of  example  w i t h  



r e f e r e n c e   to  the  accompanying  d r a w i n g s .  

In  F i g . l ,   the re   is  shown  a  side  view,  p a r t l y   in  s e c t i o n ,   of  an 

oil  f i r ed   combustor   having  a  f u e l / a i r   mixing  device  c o n s t r u c t e d  

in  accordance   with  the  p re sen t   i n v e n t i o n ;  

F ig .2 ,   is  a  side  view,  pa r t ly   in  cross  s e c t i o n ,   of  a  n o z z l e  

holder   used  to  r e t a i n   the  fuel  nozzle  for  i n t r o d u c i n g   and 

a tomizing  the  l i q u i d   fuel  in  the  combustor  of  F i g . l ;  

F ig .3 ,   is  an  end  view,  shown  p a r t l y   broken  away  in  s e c t i o n ,   o f  

the  nozzle  ho lder   of  F i g . 2 ;  

F ig .4 ,   is  a  side  cross  s e c t i o n a l   view  of  a  b a f f l e   p la te   used  i n  

the  combustor  of  F i g . l   to  c rea te   a  s t a b l e   flame  p a t t e r n ;   and 

F ig .5 ,   is  an  end  view  of  the  ba f f l e   p l a t e   of  F i g . 4 .  

Turning  f i r s t   to  F i g . l   there   is  shown  a  combustor   30  for  use  

with  a  l i q u i d   fuel  such  as  o i l .   The  combustor  30  is  p r e f e r a b l y  

c y l i n d r i c a l   in  shape  and  inc ludes   an  outer   she l l   32  g e n e r a l l y  

c o n s t r u c t e d   of  12  gauge  s t a i n l e s s   s t e e l .   A  general   d e s c r i p t i o n  

of  combustors   can  be  found  in  the  a f o r e m e n t i o n e d   Gas  T u r b i n e  

Eng inee r ing   Handbook  p u b l i c a t i o n .  

Within  the  ou te r   she l l   32  and  which  is  also  c y l i n d r i c a l l y   shaped  

and  coaxial   t h e r e t o ,   is  a  l i n e r   34  c o n s t r u c t e d   of  r e l a t i v e   t h i n  

(0.050  inches  s t a i n l e s s   s t e e l )   and  within  which  is  con ta ined   a 

primary  combustion  chamber  (or  zone)  36  and  a  s e c o n d a r y  

combustion  chamber  (or  zone)  38  where  the  hot  gases  from  p r i m a r y  

combustion  chamber  36  are  mixed  with  secondary  air   to  comple t e  

the  combustion  p r o c e s s .  

In  the  embodiment  as  shown,  the  air   for  the  combustion  t a k i n g  

place  in  primary  combustion  chamber  36  and  for  complet ion  o f  

combustion  in  secondary  combustion  chamber  38  is  suppl ied   by  a 

fan,  not  shown,  and  air   passes  through  the  annular   passage  40 

between  l i n e r   34  and  outer   shell  32  and  which  flow  of  air   s e r v e s  

to  cool  the  l i n e r   34  and  outer  shel l   32.  As  noted  in  F i g . l ,   t h e  

a i r   passes  through  the  annular   passage  40  in  the  d i r e c t i o n   of  

arrows  42.  



An  end  p l a t e   44  c loses   off  one  end  of  the  combustor   30  and  i s  

f i t t e d   into  the  ends  of  the  l i n e r   34  and  the  outer   shell   32  t o  

c lose   the  same.  C e n t r a l l y   l oca t ed   through  end  p l a t e   44  i s  

a  f i t t e d   nozzle  holder   46  which,  among  other   f u n c t i o n s ,   c h a n n e l s  

a i r   for  de te rmin ing   the  p a t t e r n   of  fuel  d i s t r i b u t i o n   for  l i q u i d  
fuel  i n j e c t e d   by  means  of  the  fuel  nozzle  4 8 .  

The  nozzle  holder   46  is  more  fu l ly   shown  in  Figs  2  and  3  i n  

cross   s ec t ion   and  end  view,  r e s p e c t i v e l y ,   and  g e n e r a l l y  

comprises  a  body  50  having  an  opening  52,  one  end  of  which  

opening  52  opens  into  an  angled  opening  54  at  an  angle  o f  

app rox ima te ly   90°  about  i t s   cen t ra l   axis ,   as  shown,  and 

f u r t h e r   comprises   a  p l u r a l i t y   of  r a d i a l l y   o r i e n t e d   a p e r t u r e s   56 

which  open  into  the  angled  opening  54.  A  r ece s s   58  is  formed  i n  

body  50  in  order  to  r ece ive   the  fuel  nozzle  48  (not  shown  i n  

Figs  4  and  5).  The  fuel  nozzle   48  may  be  of  c o n v e n t i o n a l  

commercial  design  as  supp l i ed   by  the  Delavan  Co rpo ra t i on   Nozz le  

Model  No.  27710-1  and  which  is  ra ted  for  a  fuel  consumption  a t  

50  l b s / h r   of  JP4  fuel  oil  at  a  supply  p r e s s u r e   of  100  p s i g .  

The  p a r t i c u l a r   fuel  nozzle  48  is  of  a  design  tha t   sprays  out  t h e  

atomized  fuel  oil  in  the  shape  of  a  d ive rg ing   hollow  cone  at  a 

to ta l   angle  of  app rox ima te ly   750 +  5°  about  i t s   c e n t r a l  

ax i s .   By  pass ing  a i r   through  the  a p e r t u r e s   56,  the  l i q u i d   f u e l  

is  caused  to  swirl  and  produce  a  vortex  flow  in  the  p r i m a r y  

combustion  chamber  36 .  

As  shown  also  in  F i g . l ,   the  outer   su r face   57  of  the  n o z z l e  

holder   46  is  angled  with  r e spec t   to  i t s   c en t r a l   axis  a t  

approx imate ly   30°  t h e r e t o ,   or  converges  at  a  t o t a l   angle  w i t h  

r e spec t   to  i t s   cen t ra l   axis  of  about  60°  in  the  shape  of  a 

t r u n c a t e d   cone .  

Surrounding  the  fuel  nozzle  48  and  nozzle  ho lder   46  is  a 

c i r c u l a r   shaped  b a f f l e   p l a t e   60.  The  b a f f l e   60  is  shown  i n  

de t a i l   in  Figs.   4  and  5,  as  well  as  shown  assembled  to  combus to r  

30  in  F i g . l .  

In  Figs.   4  and  5,  the  ba f f l e   p la te   60  is  shown  as  g e n e r a l l y  



c i r c u l a r   in  shape  having  an  annular   dished  i n t e r i o r   62  and  a 
c e n t r a l   opening  64.  The  inner  l ip  66  of  annula r   dished  i n t e r i o r  

62  is  formed  at  an  angle  of  about  30°  to  the  cen t ra l   axis  o f  

the  b a f f l e   p l a t e   60  o r  a   to ta l   angle  of  60°  in  a  c o n v e r g i n g  

conical   c o n f i g u r a t i o n .  

As  shown  in  F i g . l ,   the  b a f f l e   p la te   60  is  c o a x i a l l y   mounted  w i t h  

r e s p e c t   to  nozzle  ho lde r   46  and  fuel  nozzle   48  to  the  end  p l a t e  

44  by  means  such  as  bo l t s   68  secured  to  the  end  p la te   44  by  n u t s  

70  and  held  in  i t s   p r ede t e rmined   p o s i t i o n   with  r e spec t   to  f u e l  

nozzle  48  by  spacers   72.  In  the  p r e f e r r e d   embodiment,  t h r e e  

such  bo l t s   68,  space r s   72  and  nuts  70  hold  the  ba f f l e   p l a t e   60 

in  i t s   f ixed  p o s i t i o n   through  bol t   holes  74  in  ba f f l e   p la te   60 

and  the  f u r t h e r   hole  76  in  b a f f l e   p l a t e   60  is  used  in  c o n n e c t i o n  

with  the  i n c a n d e s c e n t   i g n i t o r   assembly  78  the  func t ion   of  which 

will  be  l a t e r   d e s c r i b e d .  

As  may  now  be  seen  in  Fig.  1,  the  flow  of  a i r   for  use  in  t h e  

primary  combustion  chamber  36  and  the  secondary  combus t ion  

chamber  38  proceeds   as  fo l lows .   The  primary  a i r ,   or  a i r  

a c t u a l l y   used  in  the  combustion  of  the  l i q u i d   fuel  passes  a l o n g  

the  annular   passage  40  and  en t e r s   plenum  chamber  80  through  a 

p l u r a l i t y   of  openings   82  in  annular   passage   40.  The  plenum 

chamber  80  is  thus  formed  behind  the  b a f f l e   p l a t e   60  and  a i r   i s  

used  from  tha t   plenum  chamber  80  for  a  v a r i e t y   of  p u r p o s e s .  

A  por t ion   of  the  a i r   from  plenum  chamber  80  passes   t h rough  

r a d i a l l y   o r i e n t e d   a p e r t u r e s   56  in  the  nozzle  ho lder   46  and  such 

a i r   used  to  c r e a t e   the  s w i r l i n g   motion  for  the  fuel  i n j e c t e d  

into  primary  combustion  chamber  36  from  fuel  nozzle   48.  

A  f u r t h e r   p o r t i o n   of  a i r   leaks  past   the  ou te r   edge  84  of  t h e  

b a f f l e   p l a t e   60  and  provides   some  coo l ing   to  the  inner  s u r f a c e  

of  the  l i n e r   34  and  p r o t e c t s   l i n e r   34  from  d i r e c t   ac t ion   o r  

c o n t a c t   by  the  combustion  gases  of  primary  combustion  chamber 

36.  

Most  of  the  a i r ,   however,  from  plenum  chamber  80  passes  t h r o u g h  

the  annular   f rus t rum  opening  86  to  serve  as  primary  air   t o  



supply  oxygen  for  the  combustion  of  the  l i q u i d   fuel .   As  n o t e d ,  
due  to  the  design  angles  of  the  outer   su r face   57  of  n o z z l e  

holder   46  and  the  inner  l ip   66  of  b a f f l e   p l a t e   60,  tha t   a n n u l a r  

f rus t rum  opening  86  converges   in  the  d i r e c t i o n   toward  t h e  

primary  combustion  chamber  36  at  a  to ta l   angle  of  about  60°  

about  the  c e n t r a l   axis  of  the  fuel  nozzle  4 8 .  

Secondary  a i r   Is- mixed  with  the  hot  combustion  gases  i n  

secondary  combust ion  chamber  38  to  complete  the  combus t ion  

process   and  is  admi t ted   to  the  secondary  combustion  chamber  38 

through  a  p l u r a l i t y   of  openings  87 .  

In  o p e r a t i o n ,   t h e r e f o r e ,   the  fuel  is  i n j e c t e d   outwardly  into  t h e  

primary  combustion  chamber  36  by  the  fuel  nozzle  48  in  t h e  

p a t t e r n   of  a  d i v e r g i n g   hollow  cone  at  a  t o t a l   angle  of  a b o u t  

750 +  50.  The  fuel  is  atomized  by  the  fuel  nozzle  48  i n  

such  p r ede t e rmined   p a t t e r n   into  small  d r o p l e t s   to  c r e a t e ,   i n  

c e r t a i n   zones,   the  combust ib le   mixture  of  l i q u i d   fuel  and  a i r  

where  combustion  can  a c t u a l l y   take  p lace .   The  primary  air   f o r  

supply ing   oxygen  for  the  combust ib le   mixture   impinges  u p o n . t h e  

hollow  d ive rg ing   cone-shaped  p a t t e r n   of  l i q u i d   fuel  through  t h e  

converging  annu la r   f rus t rum  opening  86,  forming  a  p a t t e r n   o f  

movement  g e n e r a l l y   as  shown  by  the  arrows  in  Fig.  1 .  

The  p a t t e r n   of  l i q u i d   f u e l / a i r   mixture  thereby  forms  a  zone  o f  

combust ib le   mixture   at  zone  88  and  which  is  a  r e l a t i v e l y   s t a b l e ,  

qu ie t   zone  p r o t e c t e d   by  ba f f l e   p la te   60  and  out  of  the  d i r e c t  

stream  of  the  l i q u i d   fue l .   That  zone  88  thus  con ta ins   a  m i x t u r e  

tha t   can  r e a d i l y   be  i g n i t e d   by  means  of  the  i n c a n d e s c e n t   i g n i t o r  

assembly  78.  

The  i g n i t o r   assembly  78  may  be  a  conven t iona l   spark  type  o f  

i g n i t o r   wherein  a  high  vol tage   spark  causes  i g n i t i o n   of  t h e  

l i q u i d   f u e l / a i r   mixture  in  zone  88  or,  as  shown,  may  inc lude   a 

c y l i n d r i c a l   housing  90  having  one  end  t h e r e o f   f i t t e d   w i t h i n  

an  a p p r o p r i a t e   s ized  opening  92  in  end  p l a t e   44,  and  t h e  

other  end  t h e r e o f   j u s t   passing  through  the  opening  76  in  b a f f l e  

p la te   60.  An  i n c a n d e s c e n t   or  spark  type  i g n i t o r   94  can  be 



l o c a t e d   wi th in   c y l i n d r i c a l   housing  90  by  means  such  as  a 

t h r e a d e d   engagement  for  ease  of  assembly  and  removal  at  95.  As 

shown,  the  i g n i t o r   94  i nc ludes   a  high  r e s i s t a n c e   hea t ing   wire  96 

to  c r e a t e   a  s u f f i c i e n t l y   high  t empera tu re   to  i g n i t e   the  l i q u i d  

f u e l / a i r   mixture  in  zone  88  wi thin   primary  combustion  chamber  36 

and  may  be  a  commerc ia l ly   a v a i l a b l e   glow  plug  such  as  Champion 

Type  CH3. 

As  noted  again  by  the  arrows  in  F i g . l ,   once  i g n i t e d ,   the  f l ame 

m a i n t a i n s   a  very  s t a b l e   p o s i t i o n   and  does  not  vary  de sp i t e   wide 

v a r i a t i o n s   or  chamges  in  l eve l s   of  fuel  flow.  The  s t a b l e   f lame 

p a t t e r n   r e s u l t s   from  the  primary  a i r   being  supp l i ed   in  the  form 

of  a  converg ing   annular   f rus t rum  tha t   impinges  in  a  u n i f o r m  

p a t t e r n   around  the  d i v e r g i n g   conical   shaped  spray  of  l i q u i d   f u e l  

from  fuel  nozzle  48 .  



1.  A  method  of  c r e a t i n g   a  s t ab l e   flame  wi th in   a  c o m b u s t i o n  

chmber  c h a r a c t e r i s e d   in  tha t   i t   comprises   the  s teps   o f :  

sp ray ing   l i q u i d   fuel  into  the  combustion  chamber  in  t h e  

p a t t e r n   of  a  hollow  cone  having  a  p r ede t e rmined   a n g l e ;  

i n j e c t i n g   primary  a i r   into  the  combustion  chamber  in  t h e  

p a t t e r n   of  a  converging  annular   f rus t rum  in  the  same 

d i r e c t i o n   of  flow  of  said  fuel  s p r a y ;  

d i r e c t i n g   the  converging  annular   f rus t rum  of  primary  a i r  

to  impinge  uniformly  upon  the  d ive rg ing   spray  of  l i q u i d  

fuel  to  produce  a  zone  of  a  combus t ib le   mixture  of  l i q u i d  

fuel  and  a i r ;   and  

i g n i t i n g   said  combust ib le   mixture  in  said  zone  to  c r e a t e  

b u r n i n g .  

2.  A  method  as  claimed  in  Claim  1,  c h a r a c t e r i s e d   in  t ha t   s a i d  

step  of  d i r e c t i n g   the  converging  annular   f rus t rum  i n c l u d e s  

c o a x i a l l y   a l i g n i n g   the  r e s p e c t i v e   axes  of  said  hollow  cone 

of  sprayed  l i q u i d   fuel  and  said  annular   f rus t rum  of  a i r .  

3.  Apparatus  for  p rov id ing   mixing  between  a  l i qu id   fuel  and 

primary  a i r   in  a  combustion  c h a r a c t e r i s e d   in  tha t   t h e  

appa ra tu s   c o m p r i s e s :  



fuel  nozzle  means  d i r e c t i n g   a  spray  of  l i qu id   f u e l  

in to   said  combustion  chamber  in  a  d iverg ing   ho l low 

conical   p a t t e r n   in  the  d i r e c t i o n   of  flow  and  h a v i n g  

a  p r ede t e rmined   angle  of  d i v e r g e n c e ;  

means  to  i n j e c t   primary  a i r   into  said  combus t ion  

chamber  as  a  converging  annula r   f rus t rum  in  t h e  

d i r e c t i o n   of  flow  and  converg ing   at  a  p r e d e t e r m i n e d  

ang le ,   to  impinge  upon  said  spray  of  l i q u i d ,   t h e r e b y  

forming  a  zone  of  a  combus t ib l e   mixture  of  l i q u i d   f u e l  

and  primary  a i r ;   and  

i g n i t i o n   means  to  s e l e c t i v e l y   cause  i g n i t i o n   of  s a i d  

combus t ib le   mixture  of  l i q u i d   fuel  and  air   within  s a i d  

combust ion  chamber .  

4.  A  combust ion  appara tus   c h a r a c t e r i s e d   in  that   i t   c o m p r i s e s  

a  c y l i n d r i c a l   combustion  c h a m b e r ;  

a  nozzle  means  in  one  end  of  said  combustion  chamber  t o  

spray  l i qu id   fuel  into  said  combustion  chamber  in  t h e  

p a t t e r n   of  a  d iverg ing   hollow  cone,  said  nozzle  means 

having  an  ex te rna l   su r face   converging  at  a  p r e d e t e r m i n e d  

angle  toward  said  combustion  chamber ;  

a  c i r c u l a r   ba f f l e   p la te   coaxial   with  and  sur rounding   s a i d  

nozzle   means,  said  b a f f l e   p l a t e   having  a  cen t ra l   open ing  

formed  by  a  l ip  having  i t s   inner   sur face   converging  a t  

a  p rede te rmined   angle  toward  said  combustion  chamber ,  

thereby  forming  an  annular   f ru s t rum  opening  be tween 

said  ba f f l e   p la te   and  said  nozzle  means  converging  at  a 

p rede te rmined   angle  toward  said  combustion  chamber ;  

means  to  in t roduce   primary  a i r   through  said  a n n u l a r  

f rus t rum  opening  to  impinge  said  primary  a i r   on  t h e  

d ive rg ing   hollow  cone  of  l i q u i d   fue l ,   thereby  f o r m i n g ,  

wi th in   said  combustion  chamber,  a  zone  of  c o m b u s t i b l e  



mixture   of  l i q u i d   fuel  and  primary  a i r ;   and  i g n i t e r   means 

to  i g n i t e   said  zone  c o n t a i n i n g   said  combus t ib le   m i x t u r e  

to  cause  burning  of  said  l i q u i d   fuel  wi th in   s a i d  

combustion  chamber .  

5.  A  combust ion  appara tus   as  claimed  in  Claim  4,  c h a r a c t e r i s e d  

in  t h a t   said  annular   f ru s t rum  opening  converges  in  t h e  

d i r e c t i o n   of  said  combustion  chamber  at  a  t o t a l   angle  o f  

about   6 0 ° .  

6.  A  v a p o r i s e r   for  v a p o r i s i n g   c ryogenic   l i q u i d ,   c h a r a c t e r i s e d   i n  

t h a t   the  v a p o r i s e r   i nc ludes   the  mixing  appara tus   claimed  i n  

c la im  3  or  combinat ion  appa ra tu s   claimed  in  claim  4  or  c l a i m  

5. 
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