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<g)  Fuel  nozzle  with  intermediate  swiri  circuii. 

(§7)  A  fuel  nozzle  assembly  including  a  nozzle  (22)  connected  to 
a  holder  and  selectively  supplied  with  primary  and  secondary 
liquid  fuel  through  inlet  pipes  (14,  16)  and  gas  or  other  fluids 
through  ducts  (18,  21).  A  discharge  oriface  (33)  of  the  nozzle  (22) 
provides  a  spray  from  a  primary  atomizer  (52)  and  a  swirl  plate 
(72),  either  alone  or  separately.  The  spray  pattern  is  defined  and 
atomized  by  air  flow  from  an  air  swirl  annulus  (59b)  and  a 
passageway  (53).  An  annulus  (66)  provides  a  swirling  gas  flow 
that  is  mixed  with  air  flow  from  the  air  swirl  annulus  (59b). 
Alternatively,  the  annulus  (66)  provides  a  supplemental  air  flow  to 

^   atomize  the  liquid  spray. 
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  A  fuel  nozzle  assembly  including  a  nozzle  (22)  connected  to 
a  holder  and  selectively  supplied  with  primary  and  secondary 
liquid  fuel  through  inlet  pipes  (14,  16)  and  gas  or  other  fluids 
through  ducts  (18, 21).  A  discharge  oriface  (33)  of the  nozzle  (22) 
provides  a  spray  from  a  primary  atomizer  (52)  and  a  swirl  plate 
(72),  either  alone  or  separately.  The  spray  pattern  is  defined  and 
atomized  by  air  flow  from  an  air  swirl  annulus  (59b)  and  a 
passageway  (53).  An  annulus  (66)  provides  a  swirling  gas  flow 
that  is  mixed  with  air  flow  from  the  air  swirl  annulus  (59b). 
Alternatively,  the  annulus  (66)  provides  a  supplemental  airflow  to 
atomize  the  liquid  spray. 



The  invention  relates  to  fuel  nozzles  and  more  par t icular ly   to  fuel  

nozzles  suitable  for  mixing  air  with  both  liquid  and  gaseous  fuels .  

For  many  years,  turbine  engines  used  in  industrial  applicat ions  w e r e  

generally  fueled  by  petroleum  based,  liquid  fuels  or,  a l ternat ively ,   by 

natural  gas.  Often,  the  fuel  nozzles,  as  well  as  the  engine  itself,  w e r e  

compatible  with  only  one  of  these  types  of  fuels.  For  example,  in  a  t yp ica l  

gas  nozzle,  the  gas  was  injected  in  divergent  directions  from  a  plurality  of  

holes  and  mixed  with  a  swirling  air  blast.  In  contrast ,   in  a  typical  fuel  oil 

nozzle,  fuel  oil  was  divided  into  a  primary  flow  and  a  secondary  flow.  The 

primary  flow  was  pressure  atomized  and  the  secondary  flow  was  a t o m i z e d  

by  a  swirling  air  blast.  Specific  examples  of  such  prior  fuel  nozzles  a r e  

shown  and  described  in  U.S.  Patents   3,013,732;  3,912,164;  3,980,233;  and 

4,365,753.  Thus,  turbine  engines  were  powered  by  one  type  of  fuel  

exclusively;  there  was  no  freedom  to  choose  between  available  fuels  on  t h e  

basis  of  cost  or  ava i l ab i l t iy .  

Fuel  shortages  and  price  f luctuat ions  resulted  in  the  development   of  

industrial  turbine  engines  that  could  select ively  be  operated  on  any  of 

several  different   types  of  fuels.  However,  such  turbine  engines  relied  on  t h e  

use  of  a  separate ,   parallel  fuel  supply  system  for  each  type  of  fuel  used.  

This  a r rangement   resulted  in  multiple  sets  of  fuel  nozzles  with  each  set  of  

nozzles  designed  to  provide  a  pat tern  of  injection,  a tomizat ion   or  mixing  as 

preferred  for  improved  engine  performance  with  the  respect ive   fuel.  Fo r  

example,  a  typical  industrial  turbine  engine  that  operated  on  either  n a t u r a l  

gas  or  fuel  oil  would  require  a  first  set  of  nozzles  that  provided  an  in jec t ion  

pattern  as  preferred  for  natural  gas,  and  a  second  set  of  nozzles  t h a t  

provided  a  spray  pat tern  as  preferred  for  fuel  oil. 

The  use  of  multiple  sets  of  fuel  nozzles  had  several  d i s advan tages .  

Such  a r rangements   tended  to  be  costly  and  were  difficult  to  fit  within  t he  

space  available  in  the  engine.  Accordingly,  there  was  a  need  for  a  m o r e  

compact ,   cost  effect ive,   nozzle  that  could  serve  in  place  of  two  or  more  

fuel  nozzles  designed  for  different   types  of  fuels .  



According  to  one  aspect  of  the  invention  there  ,is  provided  a  fuel  

nozzle  that  provides  a  mixture  of  fuel  and  air  at  an  output  o r i f ace ,  

cha rac te r i sed   in  that  the  nozzle  compr i ses :  

a  nozzle  body  having  an  internal  cav i ty ;  

a  cover  that  c i r cumferen t i a l ly   surrounds  the  nozzle  body; 

a  first  swirler  that  is  connected  to  the  body  and  radially  located  b e t w e e n  

the  body  and  the  cover,  the  first  swirler  co-opera t ing   with  the  cover  to 

form  an  outer  annulus  t h e r e b e t w e e n ;  

a  second  swirler  that  is  connected  to  the  body  and  radially  located  b e t w e e n  

the  body  and  the  first  swirler,  the  second  swirler  co-opera t ing   with  the  f i r s t  

swirler  to  form  an  i n t e rmed ia te   fluid  annulus  the rebe tween ;   and 

means  for  atomizing  fuel,  the  atomizing  means  being  connected  to  the  body 

and  located  radially  inwardly  of  the  in te rmedia te   annulus.  

Preferably ,   the  atomizing  means  includes  a  primary  fuel  a t o m i z e r  

located  in  an  internal  cavity  of  the  body,  and  a  swirl  plate  that  is 

mainta ined  between  the  body  and  the  in te rmedia te   swirler.  The  swirl  p l a t e  

provides  a  passageway  between  a  secondary  fuel  supply  annulus  in  the  body 

and  the  discharge  oriface  of  the  nozz le .  

Advantageously ,   the  primary  fuel  a tomizer   co -opera tes   with  the  body 

to  provide  an  inner  air  annulus  between  the  a tomizer   and  the  cavity  wal l .  

The  body  includes  a  plurality  of  passageways,   each  passageway  having  an 

opening  in  the  wall  of  the  internal  cavity  and  an  opening  in  the  pe r i phe ra l  

surface  of  the  body  and  being  obliquely  aligned  with  respect   to  t he  

longitudinal  axis  of  the  nozzle  such  that  a  swirled  flow  of  air  is  provided  to  

the  inner  air  annulus  from  the  periphery  of  the  body.  

One  or  both  of  the  outer  air  swirler  and  the  in te rmedia te   swirler  m a y  
include  a  plurality  of  swirl  vanes  that  are  c i rcumferen t ia l ly   spaced  and 

canted  with  respect   to  the  longitudinal  axis  of  the  nozzle  to  swirl  air  or  fue l  

in  the  i n t e rmed ia t e   annulus,  and  to  swirl  air  in  the  outer  air  swirl  annulus.  

According  to  another  aspect  of  the  invention  there  is  provided  a  fuel  

nozzle  that  provides  a  mixture  of  fuel  and  air  through  an  output  o r i f ace ,  

cha rac te r i sed   in  that  the  nozzle  compr i ses :  

a  body  having  an  internal   cavity  and  a  passageway  between  an  opening  in  t h e  

cavity  and  an  opening  in  the  peripheral  surface  of  the  body; 

a  cover  that  c i r cumfe ren t i a l ly   surrounds  the  nozzle  body; 



a  first  swirler  that  is  connected  to  the  body  and  that  is  radially  l o c a t e d  

between  the  body  and  the  cover,  the  first  swirler  co-opera t ing   with  t h e  

cover  to  form  an  outer  air  annulus  t h e r e b e t w e e n ;  

a  second  swirler  that  is  connected  to  the  body  and  that  is  radially  l o c a t e d  

between  the  body  and  the  first  swirler,  the  second  swirler  co -opera t ing   wi th  

the  first  swirler  to  form  an  in te rmedia te   annulus  therebe tween;   and 

a  fuel  atomizer  located  in  the  internal  cavity  of  the  body,  the  fuel  a t o m i z e r  

co-opera t ing  with  the  body  to  provide  an  inner  air  annulus  between  t h e  

a tomizer   and  the  wall  of  the  internal  cav i ty .  

According  to  a  still  further  aspect  of  the  invention  there  is  p rovided  

a  fuel  nozzle  compr is ing:  

a  body  having  an  internal  cavity  and  a  plurality  of  passageways  that  a re  

regularly,  c i rcumferen t ia l ly   arranged  in  the  body,  each  of  the  p a s s a g e w a y s  

being  between  a  respect ive   opening  in  the  wall  of  the  cavity  and  a 

respect ive  opening  in  the  peripheral  surface  of  the  body  and  obliquely 

aligned  with  respect   to  the  longitudinal  centre  axis  of  the  nozz le ;  

a  fuel  a tomizer   located  in  the  internal  cavity  of  the  body,  the  fuel  a t o m i z e r  

co-opera t ing   with  the  wall  of  the  internal  cavity  to  provide  an  inner  a i r  

annulus  between  the  a tomizer   and  the  wall  of  the  cav i ty ;  

a  cover  that  is  open  on  at  least  one  end  and  that  c i rcumferen t ia l ly   sur rounds  

the  nozzle  body; 

a  first  swirler  that  is  connected  to  the  body  and  that  is  radially  l o c a t e d  

between  the  body  and  the  cover,  the  first  swirler  co-opera t ing   with  t h e  

cover  to  form  an  outer  air  annulus  the rebe tween ;   and 

a  second  swirler  connected  to  the  body  and  radially  located  between  t h e  

body  and  the  first  swirler,  the  second  swirler  co-opera t ing   with  the  f i r s t  

swirler  to  form  an  in te rmedia te   annulus  the rebe tween ,   the  second  swi r le r  

also  co-opera t ing   with  the  first  swirler  and  the  peripheral  surface  of  t he  

body  to  form  an  annular  cavity  that  is  in  communicat ion  with  t h e  

in te rmedia te   annulus.  

The  invention  is  d iagrammat ica l ly   i l lustrated  by  way  of  example  in 

the  accompanying  drawings,  in  wh ich : -  

Figure  1  is  an  elevational  c ross-sec t ion   of  a  fuel  nozzle  assembly  

according  to  the  invention;  and 

Figure  2  is  an  enlarged  view  of  a  nozzle  of  the  assembly  shown  in 

Figure  1. 



As  shown  in  Figures  1  and  2,  the  preferred  embodiment   of  the  

invention  provides  a  nozzle  that  is  physically  compact,   but  has  t h e  

flexibil i ty  to  provide  a  mixture  of  air  and  either  liquid  or  gaseous  fuels  as 

well  as  additives  there to .   In  Figure  1,  a  nozzle  assembly  10  includes  a 

holder  12  that  envelops  tubes  14  and  16  in  a  central  conduit  18.  A  s idewall  

19  of  the  holder  12  is  provided  with  a  passageway  20  having  a  hole  21  at  t h e  

end  thereof.   At  one  end,  the  holder  12  secures  a  nozzle  22  and,  at  the  o the r  

end,  the  holder  12  is  connected  to  a  manifold  24. 

The  manifold  24  is  provided  with  inlet  fittings  26,  28,  30  and  32  for  

respec t ive   connect ion  to  supplies  of  pressurized  primary  liquid  fuel ,  

pressurized  secondary  liquid  fuel,  natural  gas  and  water.   The  inlet  f i t t ings  

26  and  28  are  respect ively   connected  to  the  tubes  14  and  16,  the  inlet  f i t t i ng  

30  is  connected  to  the  conduit  18,  and  the  inlet  fitting  32  is  connected  to  

the  passageway  20.  Thus,  when  the  inlet  fi t t ings  26,  28,  30  and  32  a r e  

connected  to  their  respect ive   liquid  fuel,  natural  gas  and  water  supplies,  t he  

nozzle  22  is  provided  with  pressurized  liquid  fuel  through  the  tube  14, 

pressurized  liquid  fuel  through  the  tube  16,  natural  gas  through  the  condui t  

18,  and  water  through  the  passageway  20. 

Referr ing  specif ical ly  to  Figure  2,  the  nozzle  22  is  connected  to  t h e  

holder  12  at  one  end  and  at  the  other  end  is  provided  with  a  d i scharge  

oriface  33.  the  nozzle  22  includes  a  body  34  having  an  internal  cavity  36 

aligned  with  the  longitudinal  centre   axis  A-A'  of  the  nozzle  22.  The  body  34 

has  an  outer  peripheral   surface  38  and  the  cavity  36  has  a  cavity  wall  40. 

The  body  34  is  also  provided  with  typically  four  or  more  passageways  42  t h a t  

are  regularly  spaced  c i r cumferen t i a l ly   around  the  body  34.  Each  of  t he  

passageways  42  connects  a  respec t ive   opening  or  port  44  in  the  pe r iphe ra l  

surface  38  with  a  respect ive   opening  or  port  46  in  the  cavity  wall  40.  The 

passageways  42  are  aligned  obliquely  on  non- in te r sec t ing   axes  with  r e s p e c t  

to  the  longitudinal  centre  axis  A-A  of  the  nozzle  22.  The  passageways  42 

thus  co -ope ra t e   to  provide  a  swirled  flow  of  air  to  the  internal  cavity  36 

from  the  peripheral   surface  38.  Also,  the  body  34  is  provided  with  at  l e a s t  

one  secondary  fuel  bore  48  and  a  gas  bore  49. 

A  re ta iner   50  is  connected  to  one  end  of  the  body  34  and  c o - o p e r a t e s  

with  the  body  34  to  form  an  annular  secondary  fuel  chamber  51.  A  p r imary  

a tomizer   52  of  the  pressure  a tomiza t ion   type  as  well  known  in  the  art  is 

mounted  in  the  re ta iner   50  such  that  it  projects  into  the  internal  cavity  36 



of  the  body  34  and  co-opera tes   with  the  internal  wall  40  to  form  an  inner  a i r  

annulus  53  that  is  in  communicat ion  with  the  ports  46.  The  re ta iner   50  is 

also  connected  to  the  tubes  14  and  16  of  the  holder  12.  The  tube  14  ex t ends  

through  the  re ta iner   50  and  is  in  fluid  communicat ion  with  the  p r imary  

atomizer   52.  The  tube  16  is  in  communicat ion  with  the  annular  s econda ry  

fuel  chamber  51. 

A  cover  that  includes  a  housing  54  and  a  shroud  56  c i r c u m f e r e n t i a l l y  

surrounds  the  body  34.  More  specifically,   the  housing  54  is  a  genera l ly  

cylindrical  member  that  is  connected  to  the  body  34  by  a  plurality  of  posts  

57  and  co-opera tes   with  the  body  34  to  form  an  annular  cavity  58 

the rebe tween .   The  housing  54  is  provided  with  a  cylindrical  rim  59  that  is  in 

crimped  engagement   with  a  plurality  of  longitudinal  slots  59a  in  the  shroud 

56.  Thus,  the  rim  59  co-opera tes   with  the  slots  59a  of  the  shroud  56  to  

prevent  rotat ion  of  the  shroud  56  with  respect   to  the  housing  54. 

An  air  swirler  60  also  c i rcumferen t ia l ly   surrounds  the  body  34  and  is 

radially  located  from  the  central  longitudinal  axis  A-A'  between  the  shroud 

56  and  the  body  34.  The  air  swirler  60  co -opera tes   with  the  shroud  56  to  

form  an  outer  air  annulus  59b.  More  specifically,   the  air  swirler  60  includes  

an  annular  ring  61  located  adjacent  to  the  body  34  and  a  cone  61a  that  is 

integrally  connected  to  the  discharge  end  of  the  annular  ring  61.  The  cone 

61a  co -opera tes   with  the  shroud  56  to  define  the  air  annulus  59b.  The 

swirler  60  further  includes  a  plurality  of  swirl  vanes  62  that  are  r egu la r ly  

spaced  c i rcumferen t ia l ly   around  the  peripheral  surface  of  the  annular  r ing 

61.  The  swirl  vanes  62  are  located  adjacent   the  shroud  56  and  between  t h e  

shroud  56  and  the  annular  ring  61  such  that  the  annulus  59b  is  in 

communicat ion  between  the  vanes  62  with  the  annular  cavity  58  f o r m e d  

between  the  body  34  and  the  housing  54.  As  more  par t icular ly  shown  and 

described  in  U.S.  Patents  3,980,233  and  4,365,753,  the  relevant   portions  of  

which  are  hereby  specifically  incorporated  by  re ference ,   the  vanes  62  a r e  

canted  with  respect   to  the  longitudinal  axis  A-A'  such  that  a  swirling  mo t ion  

is  imparted  to  air  flowing  into  the  annulus  59b  from  the  annular  cavity  58. 

Preferably  the  adjacent  edges  of  the  swirl  vanes  62  are  fastened  to  t he  

shroud  56  by  brazing  or  other  equivalent  means  to  secure  the  swirler  60  and 

the  shroud  56. 

An  in te rmedia te   swirler  64  also  c i rcumferen t ia l ly   surrounds  the  body 

34.  The  in te rmedia te   swirler  64  is  radially  located  from  the  central   axis 



A-A'  between  the  swirler  60  and  the  body  34  and  is  s c rewthreaded   onto  the  

body  34.  The  i n t e rmed ia te   swirler  64  co-opera tes   with  the  air  swirler  60  to 

form  an  i n t e rmed ia te   annulus  66  of  the  discharge  oriface  33.  The 

i n t e rmed ia t e   swirler  64  also  co-opera tes   with  the  swirler  60  and  with  t h e  

body  34  to  form  an  annular  cavity  68  that  is  in  communicat ion  with  the  gas 

bore  49  and  the  central   conduit  18. 

More  specif ical ly,   the  in te rmedia te   swirler  64  includes  an  annular  

ring  69  located  adjacent   the  body  34  and  sc rewthreaded   there to .   The 

i n t e rmed ia t e   swirler  also  includes  a  cone  69a  that  is  integrally  connected  to  

the  discharge  end  of  the  annular  ring  69.  The  cone  69a  co -opera tes   with  t h e  

cone  61a  to  define  an  in te rmedia te   annulus  66.  The  in te rmedia te   swirler  64 

is  fur ther   provided  with  a  plurality  of  swirl  vanes  70  that  are  r egu la r ly  

spaced  c i r cumfe ren t i a l l y   around  the  peripheral  surface  of  annular  ring  69. 

Swirl  vanes  70  are  located  adjacent   the  annular  ring  61  of  the  air  swirler  60 

such  that  the  annulus  66  is  in  communicat ion  with  the  annular  cavity  68 

between  the  vanes  70.  In  a  manner  similar  to  the  swirl  vanes  62,  the  swirl  

vanes  70  are  canted  with  respect   to  the  longitudinal  axis  A-A'  such  that  a 

swirling  motion  is  imparted  to  fluid  flowing  into  the  annulus  66  from  t h e  

cavity  68.  Preferably ,   the  edges  of  the  swirl  vanes  70  adjacent  the  annula r  

ring  61  of  the  air  swirler  60  are  fastened  thereto  by  brazing  or  o t h e r  

equivalent   means  to  secure  the  swirler  60  with  respect   to  the  i n t e r m e d i a t e  

swirler  64. 

Thus,  the  i n t e rmed ia te   swirler  64,  the  outer  air  swirler  60  and  t he  

shroud  56  are  secured  together   and  are  threadedly  connected  to  the  body  34 

at  the  i n t e rmed ia t e   air  swirler  64.  Rotat ion  of  the  in te rmedia te   swirler  64 

on  the  threads  is  prevented  through  connection  with  the  housing  54  th rough  

the  air  swirler  60  and  the  shroud  56.  The  housing  54  is  rigidly  connected  to  

the  body  34  by  the  posts  57  and  is  crimped  to  the  shroud  56  at  the  rim  59 

and  the  slots  59a.  Flexible  metal  seals  71  and  71a  are  located  between  t he  

body  34  and  respec t ive   end  faces  of  the  annular  ring  61  and  the  annular  r ing 

69.  Thus,  the  metal  seals  71  and  71a  respect ively   provide  a  fluid  sea l  

between  the  body  34  and  the  outer  air  swirler  60  and  between  the  body  3.4 

and  the  i n t e rmed ia t e   swirler  64. 

At  the  end  of  body  34  adjacent   the  discharge  oriface  33,  a  swirl  p l a t e  

72  is  main ta ined   between  a  shoulder  74  of  the  swirler  64  and  a  shoulder  76 

of  the  body  34.  The  swirl  plate  72  co -ope ra t e s   with  the  swirler  64  and  t h e  



body  34  to  define  an  annular  cavity  78  that  is  in  communica t ion   with  t he  

secondary  fuel  bore  48,  the  annular  secondary  fuel  chamber  51,  and  the  t u b e  

16.  The  swirl  plate  72  is  provided  with  a  plurality  of  holes  80  such  that  fuel  

in  the  annular  cavity  78  can  flow  past  the  swirl  plate  72  to  the  d i scha rge  

oriface  33.  The  swirl  holes  80  are  c i rcumferen t ia l ly   spaced  around  the  swir l  

plate  72  and  are  canted  with  respect   to  the  longitudinal  axis  A-A'  such  t h a t  

swirling  motion  is  imparted  to  fuel  flowing  past  the  swirl  plate  72  to  t he  

discharge  oriface  33. 

The  nozzle  assembly  shown  in  Figures  1  and  2,  has  various  o p e r a t i o n a l  

modes  in  which  it  provides  liquid  fuel,  natural  gas,  or  various  combina t ions  

thereof  either  with  or  without  water  mixed  therein.  When  only  a  liquid  fuel  

and  air  mixture  is  to  be  provided,  the  liquid  fuel  is  provided  under  p re s su re  

to  the  primary  a tomizer   52  through  the  tube  14.  The  primary  a tomizer   52 

provides  a  primary  spray  pat tern   through  the  nozzle  discharge  oriface  33. 

When  a  secondary  liquid  fuel  spray  pat tern  is  to  be  used  in 

combination  with  the  primary  pat tern,   liquid  fuel  is  provided  through  t h e  

tube  16,  the  secondary  fuel  chamber  51,  the  secondary  fuel  bore  48  and  t he  

annular  cavity  78  to  the  swirl  plate  72.  From  the  swirl  plate  72,  t h e  

secondary  fuel  flows  out  of  the  discharge  oriface  33  in  a  swirled  p a t t e r n .  

Generally  it  is  preferable   to  mix  the  primary  and  swirled  s e c o n d a r y  

fuel  spray  pat terns   with  swirled  air  better  to  atomize  and  define  the  sp ray  

pat tern  and  retard  accumula t ion   of  carbon  on  surfaces  of  the  nozzle  22 

adjacent  the  discharge  oriface  33.  In  the  preferred  embodiment   of  t h e  

invention,  this  is  accomplished  by  supplying  high  velocity  or  pressurized  a i r  

to  the  annular  cavity  58.  The  air  in  the  cavity  58  is  swirled  by  the  vanes  62 

as  it  flows  into  the  outer  air  annulus  59b  such  that  it  forms  an  outer   swir l ing 

air  flow  at  the  discharge  oriface  33.  Also,  the  air  in  the  cavity  58  f lowing 

to  the  discharge  oriface  33  through  the  passageways  42  is  swirled  by  t h e  

passageways  42  as  it  flows  into  the  inner  air  annulus  53  to  further  define  and 

atomize  the  spray  p a t t e r n .  

When  the  nozzle  assembly  10  is  to  provide  natural  gas,  or  a n o t h e r  

a l ternate   fluid  as  fuel,  the  gas  is  supplied  through  the  conduit  18,  the  bore  

49,  and  the  annular  cavity  68  to  the  in termedia te   annulus  66.  The  swir l  

vanes  70  cause  the  gas  in  the  annulus  66  to  exit  at  the  discharge  oriface  33 

in  a  swirling  pat tern .   To  bet ter   define  and  mix  the  injection  pat tern  of  gas  
from  the  annulus  66,  it  is  generally  preferred  to  provide  a  swirling  air  f rom 



the  outer  air  annulus  59b  and  the  inner  air  annulus  53  in  a  manner  similar  to  

that  explained  above  with  regard  to  liquid  fue l .  

The  nozzle  22  can  supply  liquid  fuel  and  gas  s imultaneously  in  the  

manner  described  above  by  supplying  liquid  fuel  to  the  tubes  14  and  16  and 

gas  to  the  conduit  18.  In  this  case,  the  swirling  flow  of  gas  from  the  

i n t e rmed ia t e   annulus  66  supplements   the  swirling  air  flow  from  the  outer  a i r  

annulus  59b  and  the  inner  air  annulus  53  further  to  improve  a tomizat ion  of  

the  liquid  spray  pat tern.   Al ternat ive ly ,   the  inlet  fitting  30  and  the  condui t  

18  can  be  coupled  to  a  supply  of  high  velocity  or  pressurized  air  instead  of  a 

gas  supply.  In  that  case,  the  in te rmedia te   annulus  66  would  provide  a 

swirling  air  flow  pat tern  that  would  supplement   the  swirling  air  flow  f r o m  

the  outer  air  annulus  59b  and  the  inner  air  annulus  53  further  to  improve  t h e  

definition  and  a tomiza t ion   of  the  liquid  spray  pat tern  from  the  p r imary  

a tomizer   52  and  the  swirl  plate  72. 

Liquid  fuel  injected  through  the  primary  a tomizer   52,  or  the  swirl  

plate  72  as  well  as  gaseous  fuel  injected  through  the  in te rmedia te   annulus  66 

can  be  mixed  with  other  additives.  The  additives  are  provided  through  t h e  

hole  21  which  is  in  communicat ion  with  the  annular  cavity  58.  The  add i t ives  

are  mixed  and  a tomized  in  the  annular  cavity  58,  the  outer  air  annulus  59b 

and  the  inner  air  annulus  53  and  injected  with  the  swirled  air  through  t h e  

discharge  oriface  33.  For  example,  it  is  somet imes  desirable  to  mix  c e r t a i n  

proport ions  of  water  with  fuel  oil  or  natural  gas  so  that  when  the  mixture  is 

combusted,   the  water  vapour  will  reduce  the  quantity  of  nitrogen  oxides  in 

the  combustion  exhaus t .  

Test  have  empirically  demons t ra ted   that  the  use  of  swirling  f luid 

from  the  i n t e rmed ia t e   annulus  66  to  supplement   the  definition  and 

a tomiza t ion   of  the  liquid  spray  pat tern  as  herein  described  has  resulted  in 

unexpectedly   large  improvements   in  liquid  fuel  a tomizat ion .   In  one 

example,   fuel  was  supplied  only  to  the  primary  a tomizer   52  and  the  spray  

pat tern   a tomized  by  swirling  air  from  the  outer  air  annulus  59b  and  t h e  

inner  air  annulus  53.  A  fuel  flow  rate  of  3.09  kilos  (6.8  pounds)  per  hour  of  

12  x  10-6  sq.  m/sec  (12  centis tokes)   viscosity  fluid  and  an  air  pressure  drop 

of  249  Pa  (1  inch of  water)   across  the  vanes  62  resulted  in  a  mean  drop 

d iameter   of  136  mic romete rs ,   Sauter  Mean  Diameter .   When  air  a t  

10.34  k  Pa  (1.5  psi)  was  additionally  supplied  to  the  conduit  18,  the  air  swirl  

from  the  i n t e rmed ia t e   annulus  66  caused  a  reduction  in  mean  drop  d i a m e t e r  

to  52  m i c r o m e t e r s .  



In  another  example,  fuel  was  supplied  only  to  the  swirl  plate  72  and 

the  spray  pattern  atomized  by  an  air  swirl  from  the  outer  air  annulus  59b 

and  the  inner  air  annulus  53.  A  fuel  flow  rate  of  11.8  kilos  (26  pounds)  per  
hour  of  12  x  10-6  sq.  rn/sec  (12  centistokes)  viscosity  fluid  and  an  air  

pressure  drop  of  747  Pa  (3  inches  of  water )  across  the  vanes  62  resulted  in  a 

mean  drop  diameter   of  90  micrometers ,   Sauter  Mean  Diameter .   When  air  a t  

27.56  k  Pa  (4.0  psi)  was  additionally  supplied  to  the  conduit  18,  the  air  swirl  

from  the  in te rmedia te   annulus  66  caused  a  reduction  in  a  mean  drop 

diameter   to  23  micrometers ,   Sauter  Mean  D i a m e t e r .  



1.  A  a  fuel  nozzle  that  provides  a  mixture  of  fuel  and  air  at  an  ou tpu t  

oriface  (33),  cha rac t e r i sed   in  that  the  nozzle  (22)  compr i ses :  

a  nozzle  body  (34)  having  an  internal  cavity  (36); 

a  cover  (54,  56)  that  c i r cumferen t i a l ly   surrounds  the  nozzle  body  (24); 

a  first  swirler  (60)  that  is  connected  to  the  body  (34)  and  radially  l o c a t e d  

between  the  body  (34)  and  the  cover  (54,  56),  the  first  swirler  (60) 

co-opera t ing   with  the  cover  (54,  56)  to  form  an  outer  annulus  (59b) 

t h e r e b e t w e e n ;  

a  second  swirler  (64)  that  is  connected  to  the  body  (34)  and  radially  l o c a t e d  

between  the  body  (34)  and  the  first  swirler  (60),  the  second  swirler  (64) 

co-opera t ing   with  the  first  swirler  (60)  to  form  an  in te rmedia te   fluid 

annulus  (66)  t he r ebe tween ;   and 

means  (52,  72)  for  atomizing  fuel,  the  atomizing  means  being  connected  to 

the  body  (34)  and  located  radially  inwardly  of  the  in te rmedia te   annulus  (66). 

2.  A  fuel  nozzle  according  to  claim  1,  wherein  the  atomizing  means  

comprises  a  fuel  a tomizer   (52)  located  in  the  internal  cavity  (36)  of  the  body 

(34). 

3.  A  fuel  nozzle  according  to  claim  1  or  claim  2,  wherein  the  body  (34) 

has  a  secondary  fuel  supply  annulus  (78)  and  wherein  the  atomizing  means  

inc ludes :  

a  swirl  (72)  that  is  mainta ined  between  the  body  (34)  and  the  second  swir le r  

(64),  the  swirl  plate  (72)  providing  a  passageway  (80)  between  the  s econda ry  

fuel  supply  annulus  (78)  and  the  output  oriface  (33)  of  the  nozzle  (22). 

4.  A  fuel  nozzle  according  to  any one  of  claims  1  to  3,  wherein  the  body 

(34)  includes  a  plurality  of  passageways  (42)  that  are  r egu la r ly ,  

c i r cumferen t i a l ly   arranged  in  the  body  (34),  each  of  the  passageways  (42) 

being  between  a  respect ive   opening  (46)  in  the  wall  (40)  of  the  in te rna l  

cavity  (36)  and  a  respec t ive   opening  (44)  in  the  peripheral  surface  (38)  of  t he  

body  (34)  and  obliquely  aligned  with  respect  to  the  longitudinal  centre  axis 

(A-A')  of  the  nozz l e .  



5.  A  fuel  nozzle  that  provides  a  mixture  of  fuel  and  air  Un ough  an 

output  oriface  (33),  charac te r i sed   in  that  the  nozzle  (22)  compr ises :  

a  body  (34)  having  an  internal  cavity  (36)  and  a  passageway  (42)  between  an 

opening  (46)  in  the  cavity  (36)  and  an  opening  (44)  in  the  peripheral  s u r f a c e  

(38)  of  the  body  (34); 

a  cover  (54,  56)  that  c i rcumferen t ia l ly   surrounds  the  nozzle  body  (34); 

a  first  swirler  (60)  that  is  connected  to  the  body  (34)  and  that  is  rad ia l ly  

located  between  the  body  (34)  and  the  cover  (54,  56),  the  first  swirler  (60) 

co-opera t ing   with  the  cover  (54,  56)  to  form  an  outer  air  annulus  (59b) 

t h e r e b e t w e e n ;  

a  second  swirler  (64)  that  is  connected  to  the  body  (34)  and  that  is  rad ia l ly  

located  between  the  body  (34)  and  the  first  swirler  (60),  the  second  swi r le r  

(64)  co-opera t ing   with  the  first  swirler  (60)  to  form  an  in te rmedia te   annulus 

(66)  the rebe tween ;   and 

a  fuel  a tomizer   (52)  located  in  the  internal  cavity  (36)  of  the  body  (34),  t he  

fuel  a tomizer   (52)  co-opera t ing   with  the  body  (34)  to  provide  an  inner  a i r  

annulus  (53)  between  the  a tomizer   (52)  and  the  wall  (40)  of  the  i n t e rna l  

cavity  (36). 

6.  A  fuel  nozzle  of  claim  5,  wherein  the  first  swirler  (60)  inc ludes  

an  annular  ring  (61); 

a  defining  cone  (61a)  connected  to  one  end  of  the  annular  ring  (61);  and 

a  plurality  of  swirl  vanes  (62)  that  are  c i rcumferen t ia l ly   spaced  about  t h e  

peripheral  surface  of  the  annular  ring  (61)  and  connected  to  the  cover  (56), 

the  swirl  vanes  (62)  being  canted  with  respect   to  the  longitudinal  axis  (A-A')  

of  the  nozzle  (22)  to  swirl  fluid  flowing  through  the  outer  air  annulus  (59b). 

7.  A  fuel  nozzle  according  to  claim  5  or  claim  6,  wherein  the  second  

swirler  (64)  inc ludes  

an  annular  ring  (69); 

a  defining  cone  (69a)  connected  to  one  end  of  the  annular  ring  (69);  and 

a  plurality  of  swirl  vanes  (70)  that  are  c i rcumferent ia l ly   spaced  about  t h e  

peripheral  surface  of  the  annular  ring  (6(0  and  connected  to  the  first  swi r le r  

(60),  the  swirl  vanes  (30)  being  canted  with  respect  to  the  longitudinal  axis  

(A-A')  of  the  nozzle  to  swirl  fluid  flowing  through  the  in te rmedia te   annulus  

(66). 



8.  A  fuel  nozzle  according  to  any one  of  claims  5,  6  or  7,  wherein  t he  

body  (34)  includes  a  second  fuel  supply  annulus  (78)  and  the  nozzle  f u r t h e r  

compr i s e s :  

a  swirl  plate  (72)  that  is  maintained  between  the  body  (34)  and  the  second  

swirler  (64),  the  swirl  plate  (72)  providing  a  passageway  (80)  between  t h e  

secondary  fuel  supply  annulus  (78)  and  the  output  oriface  (33)  of  the  nozzle .  

9.  A  fuel  nozzle  according  to  claim  8,  wherein  the  swirl  plate  (72) 

includes  a  plurality  of  swirl  holes  (80)  that  are  c i rcumferen t ia l ly   spaced  

around  the  swirl  plate  (72),  the  swirl  holes  (80)  being  canted  with  respect  to  

the  longitudinal  axis  (A-A')  of  the  nozzle  to  swirl  fluid  fluid  flowing  f r o m  

the  secondary  fuel  supply  annulus  (78)  to  the  output  oriface  (33)  of  t h e  

n o z z l e .  

10.  A  fuel  nozzle  compr is ing :  

a  body  (34)  having  an  internal  cavity  (36)  and  a  plurality  of  passageways  (42) 

that  are  regularly,   c i rcumferen t ia l ly   arranged  in  the  body  (34),  each  of  t h e  

passageways  (42)  being  between  a  respect ive   opening  (46)  in  the  wall  (40)  o f  

the  cavity  (36)  and  a  respect ive   opening  (44)  in  the  peripheral  surface  (38)  o f  

the  body  (34)  and  obliquely  aligned  with  respect   to  the  longitudinal  c e n t r e  

axis  (A,  A')  of  the  nozzle  (22); 

a  fuel  a tomizer   (52)  located  in  the  internal  cavity  (36)  of  the  body  (34),  t h e  

fuel  a tomizer   (52)  co-opera t ing   with  the  wall  (40)  of  the  internal  cavity  (36) 

to  provide  an  inner  air  annulus  (53)  between  the  a tomizer   and  the  wall  (40) 

of  the  cavity  (36); 

a  cover  (54,  56)  that  is  open  on  at  least  one  end  and  that  c i r c u m f e r e n t i a l l y  

surrounds  the  nozzle  body  (34); 

a  first  swirler  (60)  that  is  connected  to  the  body  (34)  and  that  is  rad ia l ly  

located  between  the  body  (34)  and  the  cover  (54,  56),  the  first  swirler  (60) 

co -opera t ing   with  the  cover  (54,  56)  to  form  an  outer  air  annulus  (59b) 

the rebe tween ;   and  

a  second  swirler  (64)  connected  to  the  body  (34)  and  radially  l o c a t e d  

between  the  body  (34)  and  the  first  swirler  (60),  the  second  swirler  (64) 

co-opera t ing   with  the  first  swirler  (60)  to  form  an  in te rmedia te   annulus  (66) 

the rebe tween ,   the  second  swirler  (64)  also  co-opera t ing   with  the  f i r s t  

swirler  (60)  and  the  peripheral  surface  of  the  body  (34)  to  form  an  annula r  

cavity  (68)  that  is  in  communicat ion  with  the  in te rmedia te   annulus  (66). 
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