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©  A  combustor  for  a  gas  turbine  having  primary 
and  secondary  combustion  zones.  The  combus- 
tor  has  a  centrally  disposed  dual  fuel  nozzle  (18) 
that  can  supply  a  fuel  rich  mixture  of  either 
liquid  and  gaseous  fuel  to  the  primary  combus- 
tion  zone.  The  combustor  also  has  primary  gas 
fuel  spray  bars  (62)  for  supplying  a  lean  mixture 
of  gaseous  fuel  (16")  to  the  primary  combustion 
zone  (36)  via  a  first  annular  pre-mixing  passage 
(90,92)  and  secondary  gas  fuel  spray  bars  (76) 
for  supplying  a  lean  mixture  of  gaseous  fuel 
(16"')  to  the  secondary  combustion  zone  (37) 
via  a  second  annular  pre-mixing  passage  (68). 
In  addition,  the  combustor  also  has  a  plurality  of 
liquid  fuel  spray  nozzles  (84)  for  introducing  a 
lean  mixture  of  liquid  fuel  (14")  into  the  secon- 
dary  combustion  zone  (37)  via  the  second  annu- 
lar  pre-mixing  passage  (68).  The  liquid  fuel 
spray  nozzles  (84)  are  disposed  in  fan  shaped 
channels  (96)  that  are  arranged  in  a  circumfe- 
rential  array  and  that  are  connected  to  the 
second  annular  pre-mixing  passage  (68).  The 
fan  shaped  channels  (96)  cause  expansion  of 
the  spray  of  fuel  from  the  liquid  spray  nozzles 
(84)  and  serve  to  ensure  good  atomization  of 
the  liquid  fuel  (14")  prior  to  its  introduction  into 
the  second  annular  pre-mixing  passage  (68). 
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The  present  invention  relates  to  a  gas  turbine 
combustor  for  burning  both  liquid  and  gaseous  fuel  in 
compressed  air.  More  specifically,  the  present  inven- 
tion  relates  to  a  low  NOx  combustor  having  the  capa- 
bility  of  burning  lean  mixtures  of  both  liquid  and  gas- 
eous  fuel. 

In  a  gas  turbine,  fuel  is  burned  in  compressed  air, 
produced  by  a  compressor,  in  one  or  more  combus- 
tors.  Traditionally,  such  combustors  had  a  primary 
combustion  zone  in  which  an  approximately  stoichio- 
metric  mixture  of  fuel  and  air  was  formed  and  burned 
in  a  diffusion  type  combustion  process.  Fuel  was  in- 
troduced  into  the  primary  combustion  zone  by  means 
of  a  centrally  disposed  fuel  nozzle.  When  operating 
on  liquid  fuel,  such  nozzles  were  capable  of  spraying 
fuel  into  the  combustion  air  so  that  the  fuel  was  atom- 
ized  before  it  entered  the  primary  combustion  zone. 
Additional  air  was  introduced  into  the  combustor 
downstream  of  the  primary  combustion  zone  so  that 
the  overall  fuel/air  ratio  was  considerably  less  than 
stoichiometric  ~  i.e.,  lean.  Nevertheless,  despite  the 
use  of  lean  fuel/air  ratios,  the  fuel/air  mixture  was 
readily  ignited  at  start-up  and  good  flame  stability 
was  achieved  over  a  wide  range  of  firing  tempera- 
tures  due  to  the  locally  richer  nature  of  the  fuel/air 
mixture  in  the  primary  combustion  zone. 

Unfortunately,  use  of  rich  fuel/air  mixtures  in  the 
primary  combustion  zone  resulted  in  very  high  tem- 
peratures.  Such  high  temperatures  promoted  the  for- 
mation  of  oxides  of  nitrogen  ("NOx"),  considered  an 
atmospheric  pollutant.  It  is  known  that  combustion  at 
lean  fuel/air  ratios  reduces  NOx  formation.  However, 
achieving  such  lean  mixtures  requires  that  the  fuel  be 
widely  distributed  and  very  well  mixed  into  the  com- 
bustion  air.  This  can  be  accomplished  by  pre-mixing 
the  fuel  into  the  combustion  air  prior  to  its  introduction 
into  the  combustion  zone. 

In  the  case  of  gaseous  fuel,  this  pre-mixing  can 
be  accomplished  by  introducing  the  fuel  into  primary 
and  secondary  annular  passages  that  pre-mix  the 
fuel  and  air  and  then  direct  the  pre-mixed  fuel  into  pri- 
mary  and  secondary  combustion  zones,  respectively. 
The  gaseous  fuel  is  introduced  into  these  primary 
and  secondary  pre-mixing  passages  using  fuel  spray 
tubes  distributed  around  the  circumference  of  each 
passage.  A  combustor  of  this  type  is  disclosed  in  "In- 
dustrial  RB211  Dry  Low  Emission  Combustion"  by  J. 
Willis  et  al.,  American  Society  of  Mechanical  Engi- 
neers  (May  1993). 

Unfortunately,  such  combustors  are  capable  of 
operation  on  only  gaseous  fuel  because  the  fuel 
spray  tubes  are  not  adapted  to  atomize  liquid  fuel  into 
the  combustor.  Liquid  fuel  spray  nozzles,  such  as 
those  used  in  convention  rich-burning  combustors, 
are  known.  However,  sufficient  mixing  of  the  fuel  and 
air  to  achieve  adequately  lean  fuel/air  ratios  can  not 
be  achieved  by  merely  incorporating  such  a  nozzle 
into  the  pre-mixing  passage.  This  is  so  because  such 

liquid  fuel  spray  nozzles  do  not  completely  atomize 
the  fuel,  resulting  in  the  formation  of  large  fuel  drop- 
lets  and  locally  rich  fuel/air  mixtures. 

It  is  therefore  desirable  to  provide  a  gas  turbine 
5  combustor  having  primary  and  secondary  passages 

for  pre-mixing  gaseous  fuel  in  combustion  air  that  is 
also  capable  of  pre-mixing  a  liquid  fuel  in  at  least  one 
of  the  gas  pre-mixing  passages. 

Accordingly,  it  is  the  general  object  of  the  current 
10  invention  to  provide  a  gas  turbine  combustor  having 

primary  and  secondary  passages  for  pre-mixing  gas- 
eous  fuel  in  combustion  air  that  is  capable  of  pre-mix- 
ing  a  liquid  fuel  in  at  least  one  of  the  gas  pre-mixing 
passages. 

15  Briefly,  this  object,  as  well  as  other  objects  of  the 
current  invention,  is  accomplished  in  a  gas  turbine  1 
comprising  a  compressor  section  2  for  producing 
compressed  air  8;  a  combustor  4  for  heating  said 
compressed  air,  said  combustor  characterized  by  a 

20  combustion  zone  36,  37,  first  40  and  second  42  con- 
centrically  arranged  cylindrical  liners  encircling  at 
least  a  portion  36  of  said  combustion  zone,  said  first 
liner  enclosing  said  second  liner  and  forming  an  an- 
nular  passage  68  therebetween,  having  a  passage 

25  outlet  leading  to  said  combustion  zone  and  a  passage 
inlet  in  flow  communication  with  said  compressor  sec- 
tion,  first  fuel  introducing  means  76  for  introducing  a 
gaseous  fuel  16"'  into  said  annular  passage  whereby 
said  gaseous  fuel  mixes  with  said  compressed  air  and 

30  enters  said  combustion  zone  through  said  passage 
outlet,  and  second  fuel  introducing  means  84,  96  for 
introducing  a  liquid  fuel  14"  into  said  annular  passage 
whereby  said  liquid  fuel  mixes  with  said  compressed 
air  and  enters  said  combustion  zone  through  said 

35  passage  outlet. 
Figure  1  is  a  schematic  diagram  of  a  gas  turbine 

employing  the  combustor  of  the  current  invention. 
Figure  2  is  a  longitudinal  cross-section  through 

the  combustion  section  of  the  gas  turbine  shown  in 
40  Figure  1  . 

Figure  3  is  a  longitudinal  cross-section  through 
the  combustor  shown  in  Figure  2,  with  the  cross- 
section  taken  through  lines  Ill-Ill  shown  in  Figure  4. 

Figure  4  is  a  transverse  cross-section  taken 
45  through  lines  IV-IV  shown  in  Figure  3. 

Figure  5  is  a  view  of  the  fan  shaped  channel  and 
fuel  spray  nozzle  shown  in  Figures  3  and  4  taken 
along  line  V-V  shown  in  Figure  4. 

Figure  6  is  an  isometric  view  of  the  fan  shaped 
so  channel  shown  in  Figure  5. 

Referring  to  the  drawings,  there  is  shown  in  Fig- 
ure  1  a  schematic  diagram  of  a  gas  turbine  1.  The  gas 
turbine  1  is  comprised  of  a  compressor  2  that  is  driven 
by  a  turbine  6  via  a  shaft  26.  Ambient  air  12  is  drawn 

55  into  the  compressor  2  and  compressed.  The  com- 
pressed  air  8  produced  by  the  compressor  2  is  direct- 
ed  to  a  combustion  system  that  includes  one  or  more 
combustors  4  and  a  fuel  nozzle  18  that  introduces 
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both  gaseous  fuel  16  and  oil  fuel  14  into  the  combus- 
tor.  As  is  conventional,  the  gaseous  fuel  16  may  be 
natural  gas  and  the  liquid  fuel  14  may  be  no.  2  diesel 
oil,  although  other  gaseous  or  liquid  fuels  could  also 
be  utilized.  In  the  combustors  4,  the  fuel  is  burned  in 
the  compressed  air  8,  thereby  producing  a  hot  com- 
pressed  gas  20. 

The  hot  compressed  gas  20  produced  by  the 
combustor  4  is  directed  to  the  turbine  6  where  it  is  ex- 
panded,  thereby  producing  shaft  horsepower  for  driv- 
ing  the  compressor  2,  as  well  as  a  load,  such  as  an 
electric  generator  22.  The  expanded  gas  24  produced 
by  the  turbine  6  is  exhausted,  either  directly  to  the  at- 
mosphere  or,  in  a  combined  cycle  plant,  to  a  heat  re- 
covery  steam  generator  and  then  to  atmosphere. 

Figure  2  shows  the  combustion  section  of  the  gas 
turbine  1.  A  circumferential  array  of  combustors  4, 
only  one  of  which  is  shown,  are  connected  by  cross- 
flame  tubes  82,  shown  in  Figure  3,  and  disposed  in  a 
chamber  7  formed  by  a  shell  22.  Each  combustor  has 
a  primary  section  30  and  a  secondary  section  32.  The 
hot  gas  20  exiting  from  the  secondary  section  32  is 
directed  by  a  duct  5  to  the  turbine  section  6.  The  pri- 
mary  section  30  of  the  combustor  4  is  supported  by 
a  support  plate  28.  The  support  plate  28  is  attached 
to  a  cylinder  1  3  that  extends  from  the  shell  22  and  en- 
closes  the  primary  section  30.  The  secondary  section 
32  is  supported  by  eight  arms  (not  shown)  extending 
from  the  support  plate  28.  Separately  supporting  the 
primary  and  second  sections  30  and  32,  respectively, 
reduces  thermal  stresses  due  to  differential  thermal 
expansion. 

The  combustor  4  has  a  combustion  zone  having 
primary  and  secondary  portions.  Referring  to  Figure 
3,  the  primary  combustion  zone  portion  36  of  the 
combustion  zone,  in  which  a  lean  mixture  of  fuel  and 
air  is  burned,  is  located  within  the  primary  section  30 
of  the  combustor  4.  Specifically,  the  primary  combus- 
tion  zone  36  is  enclosed  by  a  cylindrical  inner  liner  44 
portion  of  the  primary  section  30.  The  inner  liner  44 
is  encircled  by  a  cylindrical  middle  liner  42  that  is,  in 
turn,  encircled  by  a  cylindrical  outer  liner  40.  The 
liners  40,  42  and  44  are  concentrically  arranged 
around  an  axial  center  line  71  so  that  an  inner  annular 
passage  70  is  formed  between  the  inner  and  middle 
liners  44  and  42,  respectively,  and  an  outer  annular 
passage  68  is  formed  between  the  middle  and  outer 
liners  42  and  44,  respectively.  Cross-flame  tubes  82, 
one  of  which  is  shown  in  Figure  3,  extend  through  the 
liners  40,  42  and  44  and  connect  the  primary  combus- 
tion  zones  36  of  adjacent  combustors  4  to  facilitate  ig- 
nition. 

As  shown  in  Figure  3,  according  to  the  current  in- 
vention,  a  dual  fuel  nozzle  18  is  centrally  disposed 
within  the  primary  section  30.  The  fuel  nozzle  18  is 
comprised  of  a  cylindrical  outer  sleeve  48,  which 
forms  an  outer  annular  passage  56  with  a  cylindrical 
middle  sleeve  49,  and  a  cylindrical  inner  sleeve  51, 

which  forms  an  inner  annular  passage  58  with  the 
middle  sleeve  49.  An  oil  fuel  supply  tube  60  is  dis- 
posed  within  the  inner  sleeve  51  and  supplies  oil  fuel 
14'  to  an  oil  fuel  spray  nozzle  54.  The  oil  fuel  14'  from 

5  the  spray  nozzle  54  enters  the  primary  combustion 
zone  36  via  an  oil  fuel  discharge  port  52  formed  in  the 
outer  sleeve  48.  Gas  fuel  16'  flows  through  the  outer 
annular  passage  56  and  is  discharged  into  the  pri- 
mary  combustion  zone  36  via  a  plurality  of  gas  fuel 

10  ports  50  formed  in  the  outer  sleeve  48.  In  addition, 
cooling  air  38  flows  through  the  inner  annular  pas- 
sage  58. 

Pre-mixing  of  gaseous  fuel  16"  and  compressed 
air  from  the  compressor  2  is  accomplished  for  the  pri- 

15  mary  combustion  zone  36  by  a  primary  pre-mixing 
passage  formed  in  the  front  end  of  the  primary  sec- 
tion  30.  As  shown  in  Figure  3,  the  primary  pre-mixing 
passage  is  formed  by  first  and  second  passages  90 
and  92  that  divide  the  incoming  air  into  two  streams 

20  8'  and  8".  The  first  passage  90  has  an  upstream  ra- 
dial  portion  and  a  downstream  axial  portion.  The  up- 
stream  portion  of  the  first  passage  90  is  formed  be- 
tween  a  radially  extending  circular  flange  88  and  the 
radially  extending  portion  of  a  flow  guide  46.  The 

25  downstream  portion  is  formed  between  the  flow 
guide  46  and  the  outer  sleeve  48  of  the  fuel  nozzle  18 
and  is  encircled  by  the  second  passage  92. 

The  second  passage  92  also  has  an  upstream  ra- 
dial  portion  and  a  downstream  axial  portion.  The  up- 

30  stream  portion  of  second  passage  92  is  formed  be- 
tween  the  radially  extending  portion  of  the  flow  guide 
46  and  a  radially  extending  portion  of  the  inner  liner 
44.  The  downstream  portion  of  second  passage  92  is 
formed  between  the  axial  portion  of  the  flow  guide  46 

35  and  an  axially  extending  portion  of  the  inner  liner  44 
and  is  encircled  by  the  upstream  portion  of  the  pas- 
sage  92.  As  shown  in  Figure  3,  the  upstream  portion 
of  the  second  passage  92  is  disposed  axially  down- 
stream  from  the  upstream  portion  of  first  passage  90 

40  and  the  downstream  portion  of  second  passage  92 
encircles  the  downstream  portion  of  the  first  passage 
90. 

As  shown  in  Figures  3  and  4,  a  number  of  axially 
oriented,  tubular  primary  fuel  spray  pegs  62  are  dis- 

45  tributed  around  the  circumference  of  the  primary  pre- 
mixing  passage  so  as  to  extend  through  the  upstream 
portions  of  the  both  the  first  and  second  passages  90 
and  92.  Two  rows  of  gas  fuel  discharge  ports  64,  one 
of  which  is  shown  in  Figure  3,  are  distributed  along  the 

so  length  of  each  of  the  primary  fuel  pegs  62  so  as  to  di- 
rect  gas  fuel  16"  into  the  air  steams  8'  and  8"  flowing 
through  the  passages  90  and  92.  The  gas  fuel  dis- 
charge  ports  64  are  oriented  so  as  to  discharge  the 
gas  fuel  16"  circumferentially  in  the  clockwise  and 

55  counterclockwise  directions. 
As  also  shown  in  Figures  3  and  4,  a  number  of 

swirl  vanes  85  and  86  are  distributed  around  the  cir- 
cumference  of  the  upstream  portions  of  the  passages 
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90  and  92.  In  the  preferred  embodiment,  a  swirl  vane 
is  disposed  between  each  of  the  primary  fuel  pegs 
62.  As  shown  in  Figure  4,  the  swirl  vanes  85  impart  a 
counterclockwise  (when  viewed  in  the  direction  of  the 
axial  flow)  rotation  to  the  air  stream  8',  while  the  swirl 
vanes  86  impart  a  clockwise  rotation  to  the  air  stream 
8".  The  swirl  imparted  by  the  vanes  85  and  86  to  the 
air  streams  8'  and  8"  helps  ensure  good  mixing  be- 
tween  the  gas  fuel  16"  and  the  air,  thereby  eliminat- 
ing  locally  fuel  rich  mixtures  and  the  associated  high 
temperatures  that  increase  NOx  generation. 

As  shown  in  Figure  3,  the  secondary  combustion 
zone  portion  37  of  the  combustion  zone  is  formed 
within  a  liner  45  in  the  secondary  section  32  of  the 
combustor  2.  The  outer  annular  passage  68  discharg- 
es  into  the  secondary  combustion  zone  37  and,  ac- 
cording  to  the  current  invention,  forms  both  a  liquid 
and  gaseous  fuel  pre-mixing  passage  for  the  second- 
ary  combustion  zone.  The  passage  68  defines  a  cen- 
ter  line  that  is  coincident  with  the  axial  center  line  71  . 
A  portion  8"'  of  the  compressed  air  8  from  the  com- 
pressor  section  2  flows  into  the  passage  68. 

A  number  of  radially  oriented  secondary  gas  fuel 
spray  pegs  76  are  circumferentially  distributed 
around  the  secondary  pre-mixing  passage  68.  The 
secondary  gas  fuel  pegs  76  are  supplied  with  fuel 
16"'  from  a  circumferentially  extending  manifold  74. 
Axially  extending  fuel  supply  tubes  73  direct  the  fuel 
16"'  to  the  manifold  74.  Two  rows  of  gas  fuel  dis- 
charge  ports  78  are  distributed  along  the  length  of 
each  of  the  secondary  fuel  pegs  76  so  as  to  direct  gas 
fuel  16"'  into  the  secondary  air  steam  8"'  flowing 
through  the  secondary  pre-mixing  passage  68.  As 
shown  best  in  Figure  4,  the  gas  fuel  discharge  ports 
78  are  oriented  so  as  to  discharge  the  gas  fuel 
16"'  circumferentially  in  both  the  clockwise  and  coun- 
terclockwise  directions. 

According  to  the  current  invention,  the  secondary 
pre-mixing  passage  68  is  also  utilized  to  provide  pre- 
mixing  of  liquid  fuel  14"  and  the  compressed  air  8"'. 
As  shown  in  Figures  3  and  4,  this  pre-mixing  is  ac- 
complished  by  six  liquid  fuel  spray  nozzles  84  that  are 
circumferentially  arranged  around  the  center  line  71  , 
although  a  greater  or  lesser  number  of  liquid  fuel 
spray  nozzles  could  also  be  utilized.  Each  spray  noz- 
zle  84  is  supplied  with  liquid  fuel  14"  by  an  axially  ex- 
tending  fuel  tube  72  that  can  also  be  utilized  to  sup- 
port  the  swirl  vanes  85  and  86,  as  shown  in  Figure  3 
and  4. 

In  the  preferred  embodiment,  each  of  the  spray 
nozzles  84  has  an  orifice  59,  shown  in  Figure  5,  that 
causes  it  to  discharge  a  flat  spray  53  of  liquid  fuel  14". 
Such  nozzles  are  available  from  Parker-Hannifin  of 
Andover,  Ohio.  The  spraying  of  the  liquid  fuel  14"  in 
this  fashion  creates  a  certain  degree  of  atomization 
that  aids  in  the  mixing  of  the  fuel  and  air.  As  shown  in 
Figure  3,  in  order  to  promote  further  mixing  of  the  liq- 
uid  fuel  14"  and  air  8"',  the  spray  nozzles  84  are  ori- 

ented  so  that  the  fuel  spray  53  is  directed  into  the  sec- 
ondary  pre-mixing  passage  68  along  a  line  88  dis- 
posed  at  an  angle  A  to  the  center  line  71  of  the  pas- 
sage  ~  that  is,  at  an  angle  A  to  the  direction  of  flow 

5  of  the  compressed  air  8"'.  In  the  preferred  embodi- 
ment,  the  angle  A  is  approximately  60°. 

According  to  an  important  aspect  of  the  current 
invention,  the  liquid  fuel  spray  nozzles  84  are  located 
in  fan  shaped  channels  96,  shown  best  in  Figures  5 

10  and  6.  The  six  channels  96  are  disposed  in  a  circum- 
ferential  array  around  the  center  line  71.  In  addition, 
the  channels  96  extend  in  the  radially  outward  and  ax- 
ially  downstream  directions  so  that,  like  the  liquid  fuel 
spray  53,  they  are  oriented  at  the  angle  Ato  the  center 

15  line  71. 
As  shown  in  Figure  6,  the  channels  96  are  formed 

by  side  walls  100  and  101,  as  well  as  front  and  rear 
walls  102  and  103.  The  four  walls  of  each  channel  96 
converge  at  a  portion  97  of  the  channel  hereinafter  re- 

20  ferred  to  as  its  "apex."  An  outlet  98  is  formed  opposite 
to  the  apex  97  and  connects  with  the  secondary  an- 
nular  passage  68,  as  shown  in  Figure  3.  Returning  to 
Figure  6,  the  side  walls  100  and  101  are  disposed  at 
an  oblique  angle  to  each  other  so  that  the  channel  ex- 

25  pands  in  the  circumferential  direction  from  the  apex 
97  to  the  outlet  98.  In  addition,  the  front  and  rear  walls 
102  and  103,  respectively,  are  oriented  at  an  acute 
angle  to  each  other  so  that  the  channel  also  expands 
in  the  axial  direction  from  the  apex  97  to  the  outlet  98. 

30  Thus,  in  the  preferred  embodiment  of  the  invention, 
the  channels  96  expand  in  two  directions  from  the 
apex  97  to  the  outlet  96. 

Each  liquid  spray  nozzle  84  is  disposed  within  the 
apex  portion  97  of  its  channel  96  and  is  oriented  so 

35  as  direct  the  fuel  spray  53  toward  the  channel  outlet 
98.  As  a  result  of  the  expansion  in  the  flow  area  of  the 
channel  96  from  the  apex  97  to  the  outlet  98,  the  liq- 
uid  fuel  spray  53  undergoes  an  expansion  as  well  on 
its  way  toward  the  secondary  pre-mixing  passage  68. 

40  This  expansion  helps  to  further  atomize  the  liquid  fuel 
14"  into  the  combustion  air  8"'.  As  a  result  of  this  ex- 
pansion,  in  conjunction  with  the  circumferential  ar- 
rangement  of  spray  nozzles  84,  the  liquid  fuel  14"  is 
introduced  into  the  secondary  pre-mixing  passage  68 

45  in  a  well  atomized  form  that  is  relatively  uniformly  dis- 
tributed  about  the  circumference  of  the  passage.  The 
length  of  the  secondary  pre-mixing  passage  68,  al- 
lows  the  atomized  fuel  14"  and  air  8"'  to  become  well 
mixed  within  the  passage  so  that  a  lean  fuel/air  ratio 

so  is  created  in  the  secondary  combustion  zone  37, 
thereby  minimizing  the  formation  of  NOx. 

During  gas  fuel  operation,  a  flame  is  initially  es- 
tablished  in  the  primary  combustion  zone  36  by  the 
introduction  of  gas  fuel  16'  via  the  central  fuel  nozzle 

55  1  8.  As  increasing  load  on  the  turbine  6  requires  higher 
firing  temperatures,  additional  fuel  is  added  by  intro- 
ducing  gas  fuel  16"  via  the  primary  fuel  pegs  62. 
Since  the  primary  fuel  pegs  62  result  in  a  much  better 

4 
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distribution  of  the  fuel  within  the  air,  they  produce  a 
leaner  fuel/air  mixture  than  the  central  nozzle  18  and 
hence  lower  NOx.  Thus,  once  ignition  is  established 
in  the  primary  combustion  zone  36,  the  fuel  to  the 
central  nozzle  1  8  can  be  shut-off.  Further  demand  for 
fuel  flow  beyond  that  supplied  by  the  primary  fuel 
pegs  62  can  then  be  satisfied  by  supplying  additional 
fuel  16"'  via  the  secondary  fuel  pegs  76. 

During  liquid  fuel  operation,  a  flame  is  initially  es- 
tablished  in  the  primary  combustion  zone  36  by  the 
introduction  of  liquid  fuel  14'  via  the  central  fuel  noz- 
zle  18,  as  in  the  case  of  gaseous  fuel  operation.  Ad- 
ditional  fuel  is  added  by  introducing  liquid  fuel  14"  in- 
to  the  secondary  combustion  zone  37  via  the  second- 
ary  pre-mixing  passage  68.  Since  the  use  of  the  dis- 
tributed  fuel  spray  nozzles  84  and  the  fan  shaped 
channels  96  results  in  a  much  better  distribution  of 
the  fuel  within  the  air  than  does  the  central  nozzle  18, 
the  combustion  of  the  liquid  fuel  14"  introduced 
through  the  secondary  pre-mixing  passage  68  pro- 
duces  a  leaner  fuel/air  mixture  and  hence  lower  NOx 
than  the  combustion  of  the  fuel  14'  through  the  cen- 
tral  nozzle  18.  Thus,  once  ignition  is  established  in  the 
primary  combustion  zone  36,  the  fuel  14'  to  the  cen- 
tral  nozzle  18  need  not  be  increased  further  since  the 
demand  for  additional  fuel  flow  can  be  satisfied  by 
supplying  fuel  14"  to  the  spray  nozzles  84. 

Since  the  liquid  fuel  spray  nozzles  84  are  in  rela- 
tively  close  proximity  to  the  primary  combustion  zone 
36,  it  is  important  to  cool  the  nozzles  to  prevent  coking 
of  the  liquid  fuel  14".  According  to  the  current  inven- 
tion,  this  is  accomplished  by  forming  a  number  of 
holes  94  in  the  radially  extending  portion  of  the  inner 
liner  44,  as  shown  in  Figure  3.  These  holes  94  allow 
a  portion  66  of  the  compressed  air  8  from  the  com- 
pressor  section  2  to  enter  the  annular  passage  70 
formed  between  the  inner  liner  44  and  the  middle  liner 
42. 

An  approximately  cylindrical  baffle  80  is  located 
at  the  outlet  of  the  passage  70  and  extends  between 
the  inner  liner  44  and  the  middle  liner  42.  A  number 
of  holes  are  distributed  around  the  circumference  of 
the  baffle  80  and  divide  the  cooling  air  66  into  a  num- 
ber  of  jets  that  impinge  on  the  outer  surface  of  the  in- 
ner  liner  44,  thereby  cooling  it.  Thus,  the  air  66  flows 
through  the  passage  70  and  discharges  into  the  sec- 
ondary  combustion  zone  37.  In  so  doing,  the  airflows 
over  the  liquid  fuel  tubes  72  and  the  channels  96, 
thereby  minimizing  the  heat-up  of  the  liquid  fuel  spray 
nozzles  84. 

Claims 

1.  A  gas  turbine  (1)  comprising  a  compressor  sec- 
tion  (2)  for  producing  compressed  air  (8);  a  com- 
bustor  (4)  for  heating  said  compressed  air,  said 
combustor  characterized  by  a  combustion  zone 

(36,  37),  first  (40)  and  second  (42)  concentrically 
arranged  cylindrical  liners  encircling  at  least  a 
portion  (36)  of  said  combustion  zone,  said  first 
liner  enclosing  said  second  liner  and  forming  an 

5  annular  passage  (68)  therebetween,  having  a 
passage  outlet  leading  to  said  combustion  zone 
and  a  passage  inlet  in  flow  communication  with 
said  compressor  section,  first  fuel  introducing 
means  (76)  for  introducing  a  gaseous  fuel  (16"') 

10  into  said  annular  passage  whereby  said  gaseous 
fuel  mixes  with  said  compressed  air  and  enters 
said  combustion  zone  through  said  passage  out- 
let,  and  second  fuel  introducing  means  (84,  96) 
for  introducing  a  liquid  fuel  (14")  into  said  annular 

15  passage  whereby  said  liquid  fuel  mixes  with  said 
compressed  air  and  enters  said  combustion  zone 
through  said  passage  outlet. 

2.  The  gas  turbine  according  to  claim  1,  wherein 
20  said  second  fuel  introducing  means  is  further 

characterized  by: 
a)  means  (84)  for  discharging  said  liquid  fuel 
(14")  in  a  spray;  and 
b)  means  (96)  for  expanding  said  liquid  fuel 

25  spray  prior  to  said  introduction  of  said  liquid 
fuel  into  said  annular  passage  (68). 

3.  The  gas  turbine  according  to  claim  2,  wherein 
said  spray  expanding  means  comprises  a  chan- 

30  nel  (96)  having  a  first  portion  (97)  in  which  said 
means  (84)  for  discharging  said  liquid  fuel  in  a 
spray  (53)  is  disposed  and  a  second  portion  (98) 
connected  to  said  annular  passage  (68). 

35  4.  The  gas  turbine  according  to  claim  3,  wherein 
said  channel  (96)  expands  from  said  first  portion 
(97)  to  said  second  portion  (98). 

5.  The  gas  turbine  according  to  claim  4,  wherein 
40  said  expansion  in  said  channel  from  said  first  por- 

tion  (97)  to  said  second  portion  (98)  occurs  in  two 
directions. 

6.  The  gas  turbine  according  to  claim  3,  wherein 
45  said  channel  (96)  is  fan  shaped. 

7.  The  gas  turbine  according  to  claim  6,  wherein 
said  fan  shaped  channel  (96)  has  an  apex  form- 
ing  said  first  portion  (97). 

50 
8.  The  gas  turbine  according  to  claim  3,  wherein 

said  annular  passage  (68)  defines  a  center  line 
(71)  thereof,  and  wherein  said  channel  has 
means  for  directing  said  expanded  liquid  fuel 

55  spray  (53)  into  said  annular  passage  at  an  angle 
to  said  center  line. 

9.  The  gas  turbine  according  to  claim  2,  wherein 

5 
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said  liquid  fuel  discharge  spray  means  comprises 
means  (84)  for  discharging  said  liquid  fuel  in  a 
substantially  flat  spray  (53). 

10.  The  gas  turbine  according  to  claim  1,  wherein:  5 
a)  said  combustor  (4)  has  a  third  liner  (44)  en- 
closing  at  least  a  portion  (36)  of  said  combus- 
tion  zone,  said  second  liner  (42)  enclosing 
said  third  liner;  and 
b)  said  second  fuel  introducing  means  (84,  10 
96)  has  a  portion  thereof  disposed  between 
said  second  and  third  liners. 

11.  The  gas  turbine  according  to  claim  10,  wherein 
said  combustor  (4)  further  comprises  means  (94)  15 
for  directing  cooling  air  (66)  to  said  second  fuel  in- 
troducing  means  (84,  96). 

12.  The  gas  turbine  according  to  claim  11,  wherein: 
a)  said  second  (42)  and  third  (44)  liners  form  20 
a  second  annular  passage  (70)  therebetw- 
een;  and 
b)  said  means  for  directing  cooling  air  to  said 
second  fuel  introducing  means  (84,  96)  com- 
prises  means  (66)  for  placing  said  second  an-  25 
nular  passage  in  flow  communication  with 
said  compressor  section  (2),  whereby  a  por- 
tion  (66)  of  said  compressed  air  (8)  from  said 
compressor  section  is  directed  to  said  second 
fuel  introducing  means.  30 

13.  The  gas  turbine  according  to  claim  1,  wherein: 
a)  said  portion  of  said  combustion  zone  encir- 
cled  by  said  first  (40)  and  second  (42)  liners 
forms  a  primary  combustion  zone  (36);  35 
b)  said  combustion  zone  has  another  portion 
forming  a  secondary  combustion  zone  (37); 
c)  said  passage  (68)  outlet  leads  into  said  sec- 
ondary  combustion  zone;  and 
d)  said  combustor  (4)  further  comprises  third  40 
fuel  introducing  means  (12)  for  introducing  a 
liquid  fuel  (14')  into  said  primary  combustion 
zone. 

45 
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