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©  A  combustor  dome  assembly  (24)  includes  an 
annular  support  plate  (26)  fixedly  joined  to  a 
combustion  liner  (14)  which  confines  combus- 
tion  gases.  The  support  plate  includes  a  plurali- 
ty  of  circumferentially  spaced  support  openings 
(30)  for  supporting  respective  carburetors  (32), 
and  respective  splashplates  (52)  fixedly  joined 
coaxially  to  each  of  the  support  openings.  Each 
of  the  splashplates  includes  an  intermediate 
flared  portion  (52c)  spaced  axially  downstream 
from  an  intermediate  portion  of  the  support 
plate  (26)  to  define  a  plenum  (56),  and  a  distal 
end  (52b)  spaced  radially  away  from  the  liner  to 
define  a  circumferential  extending  outlet  gap 
(54)  in  flow  communication  with  the  plenum. 
The  support  plate  intermediate  portion  has  a 
plurality  of  impingement  holes  (58)  disposed 
between  the  support  openings  (30)  and  a 
proximal  end  of  the  support  plate  for  channel- 
ing  a  first  portion  of  compressed  air  as  impinge- 
ment  air  into  the  plenum  to  impinge  against  the 
splashplate  intermediate  portion.  A  plurality  of 
circumferentially  spaced  air  slots  (60)  are  dis- 
posed  between  the  support  plate  proximal  end 
and  the  liner  for  channeling  a  second  portion  of 
the  compressed  air  therethrough  and  into  the 
plenum  for  mixing  with  spent  impingement  air 
to  form  a  cooling  air  film  extending  from  the 
outlet  gap  along  the  liner  for  film  cooling  there- 
of. 
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Technical  Field 

The  present  invention  relates  generally  to  gas  tur- 
bine  engine  combustors,  and,  more  specifically,  to  an 
improved  dome  assembly  having  means  for  starting 
film  cooling  of  a  liner  of  the  combustor. 

Background  Art 

Atypical  aircraft  gas  turbine  engine  combustor  in- 
cludes  annular,  radially  spaced  apart  outer  and  inner 
combustion  liners  disposed  coaxially  about  a  longitu- 
dinal  centerline  axis  to  define  an  annular  combustion 
zone  therebetween.  Disposed  at  the  upstream  ends 
of  the  liners  is  an  annular  combustor  dome  fixedly 
joined  thereto  and  including  a  plurality  of  circumferen- 
tially  spaced  carburetors  therein  for  providing  a 
fuel/air  mixture  into  the  combustor  which  is  ignited  for 
generating  combustion  gases  therein. 

In  order  to  protect  the  combustor  from  the  hot 
combustion  gases  and  provide  a  useful  service  life 
thereof,  various  means  are  used  for  cooling  the  dome 
and  the  liners  including  for  example  means  for  gener- 
ating  boundary  layer  films  of  cooling  air  along  the  in- 
ner  surfaces  of  the  combustor.  Such  film  cooling  must 
be  provided  from  the  dome  and  extend  downstream 
along  the  full  axial  extent  of  the  liners.  The  cooling  air 
film  is  typically  formed  by  a  circumferentially  extend- 
ing  conventional  cooling  nugget  in  the  form  of  an  an- 
nular  plenum  having  a  lip  defining  an  annular  outlet 
slot  for  discharging  the  cooling  airfilm.  The  nugget  in- 
cludes  a  plurality  of  circumferentially  spaced  inlet 
holes  typically  located  at  a  radius  or  apex  of  the  nug- 
get  at  an  upstream  end  of  the  plenum.  In  conventional 
combustors,  a  plurality  of  axially  spaced  rows  of  the 
cooling  nuggets  are  typically  used  for  ensuring  the 
continuation  of  an  effective  cooling  airfilm  along  the 
entire  axial  and  circumferential  extent  of  the  combus- 
tor  liners. 

Another  type  of  combustor  utilizes  axially  spaced 
rows  of  circumferentially  spaced  inclined  multiholes 
for  convectively  cooling  the  liners  as  well  as  for  pro- 
viding  the  cooling  air  film  along  the  inner  surfaces 
thereof  instead  of  using  the  conventional  nuggets. 
However,  in  some  multihole  designs,  the  multiholes 
by  themselves  are  unable  to  start  an  effective  film  of 
cooling  air,  and  a  conventional  nugget  or  other  means 
is  provided  for  starting  the  cooling  air  film  at  the  up- 
stream  end  of  the  combustor  immediately  upstream  of 
the  first  row  of  multiholes.  An  effective  cooling  airfilm 
in  such  an  embodiment  must  be  provided  from  the 
dome  region  of  the  combustor  to  ensure  that  the  mul- 
tiholes  provide  an  effective  cooling  airfilm  with  an  ac- 
ceptable  heat  transfer  rate.  For  example,  one  model 
test  performed  on  behalf  of  the  present  Applicants 
shows  that  the  cooling  effectiveness  of  a  multihole 
liner  alone  as  compared  to  a  multihole  liner  having  a 
cooling  film  starting  slot  at  the  upstream  end  thereof 

has  initially  about  10%  of  the  cooling  effectiveness 
compared  thereto  at  the  dome  end  of  the  combustor. 
The  cooling  effectiveness  of  the  multihole-only  liner 
increases  along  the  liner  in  the  downstream  direction 

5  whereas  the  cooling  effectiveness  of  the  multihole 
liner  with  the  cooling  air  film  starting  slot  decreases 
in  the  downstream  direction,  with  the  film  effective- 
ness  of  the  latter  being  substantially  greater  than  that 
of  the  former  up  to  the  last  row  of  the  multiholes  in  the 

10  liner. 
The  air  used  for  providing  a  cooling  air  film  in  a 

combustor  is  a  portion  of  compressor  discharge  air 
which  necessarily  decreases  overall  performance  ef- 
ficiency  of  the  combustor  since  such  air  is  not  being 

15  directly  used  to  support  the  combustion  process.  Fur- 
thermore,  various  conventional  cooling  air  apertures 
exist  in  conventional  combustors  for  providing  cooling 
thereof  including  film  cooling.  Such  various  conven- 
tional  structures  have  varying  degrees  of  complexity, 

20  cost,  undesirable  weight,  or  stress  concentrations,  or 
efficiency  of  use  of  the  available  cooling  air.  For  ex- 
ample,  locating  a  cooling  air  aperture  in  the  apex  or 
radius  of  a  plate  typically  results  in  a  substantial  stress 
concentration  which  must  be  accommodated,  for  ex- 

25  ample  by  increased  thickness  of  the  plate,  for  provid- 
ing  a  useful  life  for  the  combustor.  Furthermore,  since 
combustor  cooling  air  typically  does  not  directly  sup- 
port  the  combustion  process,  the  use  thereof  should 
be  kept  to  a  minimum  to  avoid  overall  performance  ef- 

30  f  iciency  losses  of  the  combustor. 

Summary  of  the  Invention 

Accordingly,  one  object  of  the  present  invention  is 
35  to  provide  a  new  and  improved  combustor  dome  as- 

sembly  for  a  gas  turbine  engine. 
The  present  invention  provides  in  a  combustor 

dome  assembly  for  an  annular  gas  turbine  engine 
combustor  having  a  liner  for  facing  and  confining 

40  combustion  gases  comprising  : 
an  annular  support  plate  having  a  proximal  end 

fixedly  joined  to  said  liner,  a  distal  end,  and  an  inter- 
mediate  portion  therebetween  having  a  plurality  of  cir- 
cumferentially  spaced  support  openings  each  for  sup- 

45  porting  a  respective  carburetor; 
a  plurality  of  annular  splashplates  each  having 

a  proximal  end  fixedly  joined  coaxially  to  a  respective 
one  of  said  support  openings,  an  intermediate  flared 
portion  spaced  axially  downstream  from  said  support 

so  plate  intermediate  portion  and  radially  away  from  said 
liner  to  define  a  plenum,  and  a  distal  end  spaced  ra- 
dially  away  from  said  linerto  define  a  circumferentially 
extending  outlet  gap  in  flow  communication  with  said 
plenum; 

55  said  support  plate  intermediate  portion  having 
a  plurality  of  impingement  holes  disposed  between 
said  support  openings  and  said  support  plate  proxi- 
mal  end  for  channeling  a  first  portion  of  compressed 
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air  as  impingement  air  into  said  plenum  to  impinge 
against  said  splashplate  intermediate  portion;  and 

a  plurality  of  circumferentially  spaced,  axially 
extending  air  slots  disposed  between  said  support 
plate  proximal  end  and  said  liner  for  channeling  a  sec- 
ond  portion  of  said  compressed  air  therethrough  and 
into  said  plenum  for  mixing  with  spent  impingement  air 
to  form  a  cooling  air  film  extending  from  said  outlet 
gap  along  said  liner  for  film  cooling  thereof. 

In  a  further  aspect,  the  invention  provides  in  a 
combustor  dome  assembly  as  aforesaid,  and  further 
including  a  plurality  of  axially  spaced  rows  of  inclined 
multiholes  disposed  in  said  liner  downstream  of  said 
outlet  gap  for  channeling  into  said  combustor  a  por- 
tion  of  said  compressed  air  for  film  cooling  said  liner 
thereof,  a  method  of  starting  film  cooling  from  said 
multihole  rows  comprising  : 

channeling  said  air  first  portion  through  said 
impingement  holes  in  impingement  against  said 
splashplate  intermediate  portion  to  form  spent  im- 
pingement  air; 

channeling  said  air  second  portion  through 
said  air  slots; 

mixing  in  said  plenum  said  spent  impingement 
air  with  said  air  second  portion  from  said  air  slots;  and 

discharging  said  mixed  spent  impingement  air 
and  said  air  second  portion  through  said  outlet  gap  as 
said  cooling  airfilm  to  start  film  cooling  from  said  mul- 
tihole  rows. 

Features  of  the  present  invention  are  to  provide 
a  combustor  dome  assembly  which  more  efficiently 
uses  cooling  air  for  increasing  combustor  efficiency, 
provides  a  simpler  and  lighter  combustor  dome  as- 
sembly;  and  has  new  means  for  starting  film  cooling 
for  a  multihole  combustor  liner. 

A  preferred  embodiment  of  the  combustor  dome 
assembly  includes  an  annular  support  plate  fixedly 
joined  to  a  combustion  liner  which  confines  combus- 
tion  gases.  The  support  plate  includes  a  plurality  of 
circumferentially  spaced  support  openings  for  sup- 
porting  respective  carburetors,  and  respective 
splashplates  fixedly  joined  coaxially  to  each  of  the 
support  openings.  Each  of  the  splashplates  includes 
an  intermediate  flared  portion  spaced  axially  down- 
stream  from  an  intermediate  portion  of  the  support 
plate  to  define  a  plenum,  and  a  distal  end  spaced  ra- 
dially  away  from  the  liner  to  define  a  circumferential 
extending  outlet  gap  in  flow  communication  with  the 
plenum.  The  support  plate  intermediate  portion  has  a 
plurality  of  impingement  holes  disposed  between  the 
support  openings  and  a  proximal  end  of  the  support 
plate  for  channeling  a  first  portion  of  compressed  air 
as  impingement  air  into  the  plenum  to  impinge  against 
the  splashplate  intermediate  portion.  A  plurality  of  cir- 
cumferentially  spaced  air  slots  are  disposed  between 
the  support  plate  proximal  end  and  the  liner  for  chan- 
neling  a  second  portion  of  the  compressed  air  there- 
through  and  into  the  plenum  for  mixing  with  spent  im- 

pingement  air  to  form  a  cooling  airfilm  extending  from 
the  outlet  gap  along  the  liner  for  film  cooling  thereof. 

Brief  Description  of  Drawings 
5 

The  invention,  in  accordance  with  preferred  and 
exemplary  embodiments,  together  with  further  ob- 
jects  and  advantages  thereof,  is  more  particularly  de- 
scribed  in  the  following  detailed  description  taken  in 

10  conjunction  with  the  accompanying  drawings  in 
which: 

Figure  1  is  a  schematic,  longitudinal  sectional 
view  of  an  exemplary  double  annular  combustor  hav- 
ing  a  combustor  dome  assembly  in  accordance  with 

15  one  embodiment  of  the  present  invention. 
Figure  2  is  a  perspective,  partly  sectional  view  of 

a  portion  of  the  radially  inner  portion  of  the  combustor 
dome  assembly  illustrated  in  Figure  1  shown  with  the 
carburetors  thereof  removed  for  clarity. 

20  Figure  3  is  an  enlarged  longitudinal  sectional 
view  of  the  radially  inner  portion  of  the  combustor 
dome  assembly  illustrated  in  Figure  1  showing  a  por- 
tion  of  a  carburetor,  splashplate,  and  support  plate 
joined  to  an  upstream  end  of  the  radially  inner  com- 

25  bustion  liner 
Figure  4  is  a  partly  sectional  view  of  a  portion  of 

the  combustor  dome  assembly  illustrated  in  Figure  3 
taken  along  line  4-4. 

Figure  5  is  a  partly  sectional  view  of  the  combus- 
30  tor  dome  assembly  illustrated  in  Figure  3  taken  along 

line  5-5. 
Figure  6  is  a  partly  sectional  view  of  a  portion  of 

the  combustor  dome  assembly  illustrated  in  Figure  3 
taken  along  line  6-6. 

35  Figure  7  is  a  perspective  view  of  a  portion  of  a 
liner  having  air  slots  in  accordance  with  another  em- 
bodiment  of  the  present  invention. 

Figure  8  is  a  perspective  view  of  a  portion  of  a 
liner  having  air  slots  in  accordance  with  another  em- 

40  bodiment  of  the  present  invention. 
Figure  9  is  a  perspective  view  of  a  portion  of  a 

liner  having  air  slots  in  accordance  with  another  em- 
bodiment  of  the  present  invention. 

Figure  10  is  a  perspective  view  of  a  portion  of  a 
45  liner  having  air  slots  in  accordance  with  another  em- 

bodiment  of  the  present  invention. 

Mode(s)  For  Carrying  Out  the  Invention 

so  Illustrated  in  Figure  1  is  an  exemplary  double  an- 
nular  combustor  1  0  for  an  aircraft  turbofan  gas  turbine 
engine.  The  combustor  10  includes  annular  radially 
outer  and  inner  combustion  liners  12  and  14,  respec- 
tively,  disposed  coaxially  about  a  longitudinal  center- 

55  line  axis  16  of  the  combustor  and  spaced  radially 
apart  to  define  an  annular  combustion  zone  18  there- 
between.  Each  of  the  liners  12,  14  has  an  upstream 
end  12a  and  14a,  respectively,  and  downstream  ends 
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12b  and  14b,  respectively,  conventionally  fixedly 
joined  to  annular  outer  and  inner  casings  20  and  22 
of  the  combustor  1  0. 

The  combustor  10  also  includes  an  annular  com- 
bustor  dome  assembly  24  in  accordance  with  one  ex- 
emplary  embodiment  of  the  present  invention  con- 
ventionally  fixedly  joined  to  the  liner  upstream  ends 
12a  and  14a  by  bolts  for  example.  The  dome  assem- 
bly,  or  simply  dome  24  includes  at  least  one  annular 
spec  or  support  plate  26  having  a  radially  inner  prox- 
imal  end  26a  conventionally  fixedly  joined  to  the  inner 
liner  proximal  end  14a,  and  a  radially  outer  distal  end 
26b  conventionally  fixedly  joined  to  an  annular  center- 
body  28  by  being  either  bolted  or  welded  thereto  for 
example. 

In  this  exemplary  embodiment  of  the  combustor 
10,  it  is  in  the  form  ofadouble  annular  combustor  hav- 
ing  both  the  radially  inner  support  plate  26  and  a  sub- 
stantially  identical  radially  outer  support  plate  26B, 
with  the  inner  support  plate  26  being  fixedly  joined  be- 
tween  the  inner  liner  14  and  the  centerbody  28,  and 
the  outer  support  plate  26B  being  similarly  fixedly 
joined  between  the  outer  liner  12  and  the  centerbody 
28.  In  an  alternate  embodiment,  the  inner  and  outer 
support  plates  26,  26B  can  be  a  single  piece  extend- 
ing  from  the  inner  liner  14  to  the  outer  liner  12.  The 
combustor  dome  assembly  24  in  accordance  with  the 
present  invention  may  be  used  also  in  conventional 
single  annular  combustors  which  would  not  include 
the  outer  support  plate  26B  or  the  centerbody  28,  and 
in  such  an  embodiment,  the  support  plate  distal  end 
26b  would  be  suitably  fixedly  joined  directly  to  the  out- 
er  liner  12  by  bolts  for  example.  Accordingly,  the  in- 
vention  will  be  further  described  with  respect  to  the  ra- 
dially  inner  support  plate  26  with  it  being  understood 
that  it  applies  equally  well  to  the  embodiment  includ- 
ing  the  outer  support  plate  26B  as  well  as  other  em- 
bodiments  of  combustors. 

The  support  plate  26  also  includes  an  annular  in- 
termediate  portion  26c  shown  more  specifically  in 
Figure  2  disposed  radially  between  the  proximal  and 
distal  ends  26a  and  26b,  which  has  a  plurality  of  cir- 
cumferentially  spaced  support  openings  30  each  for 
receiving  and  supporting  a  respective  conventional 
carburetor  32  as  shown  in  Figure  1,  with  similar  car- 
buretors  32B  being  disposed  in  the  outer  support 
plate  26B. 

The  combustor  10  also  includes  annular  outer 
and  innercowls  34  and  36,  respectively,  extending  up- 
stream  from  and  fixedly  joined  to  the  liner  upstream 
ends  12a  and  14a,  respectively,  by  the  bolts  for  exam- 
ple.  Afuel  injector  assembly  38  includes  a  radially  out- 
er  fuel  nozzle  38a  and  a  radially  inner  fuel  nozzle  38b 
conventionally  disposed  in  the  respective  carburetors 
32B  and  32  for  providing  fuel  40  thereto.  Compressor 
discharge  air  42  is  conventionally  provided  from  a 
conventional  compressor  (not  shown)  to  an  annular 
diffuser  44  which  channels  the  compressed  air  42 

through  the  cowls  34,  36  and  into  the  carburetors  32, 
32B  wherein  it  is  conventionally  mixed  with  the  fuel  40 
from  the  nozzles  38a,  38b  for  forming  a  fuel/air  mix- 
ture  which  is  conventionally  ignited  for  forming  com- 

5  bustion  gases  46  in  the  combustor  10.  The  combus- 
tion  gases  46  are  discharged  from  the  combustor  10 
through  a  conventional  turbine  nozzle  48  and  then 
flow  to  a  conventional  high  pressure  turbine  (not 
shown). 

10  Portions  of  the  compressed  air  42  are  channeled 
between  the  outer  surfaces  of  the  liners  12  and  14 
and  the  inner  surfaces  of  the  casings  20  and  22  for 
cooling  the  combustor  10.  The  compressed  air  42  is 
also  channeled  through  the  liners  12  and  14,  i.e. 

15  through  apertures  not  shown  in  Figure  1  ,  for  providing 
conventional  dilution  of  the  combustion  gases  46  as 
well  as  film  cooling  of  the  inner  surfaces  of  the  liners 
12  and  14  for  example. 

Illustrated  in  more  particularity  in  Figures  2  and  3 
20  is  the  inner  support  plate  26  and  the  inner  carburetor 

32  of  the  dome  assembly  24  with  it  being  understood 
that  the  description  of  the  invention  applies  equally 
also  to  the  other  support  plate  26B  and  the  outer  car- 
buretor  32B.  Each  of  the  support  openings  30  has  a 

25  longitudinal  centerline  axis  50  about  which  the  car- 
buretor  32  is  disposed  coaxially  in  the  support  open- 
ing  30.  A  plurality  of  annular  heat  shields  or  splash- 
plates  52  each  has  a  proximal  end  52a  fixedly  and 
sealingly  joined  coaxially  to  a  respective  one  of  the 

30  support  openings  30  by  brazing  for  example;  a  distal 
end  52b  spaced  radially  outwardly  away  from  the  in- 
ner  surface  of  the  liner  14  to  define  a  circumferentially 
extending  outlet  gap  54;  and  an  intermediate  flared 
portion  52c  spaced  axially  downstream  from  the  sup- 

35  port  plate  intermediate  portion  26c  and  radially  out- 
wardly  away  from  the  liner  14  to  define  a  circumfer- 
entially  extending  plenum  56  which  is  in  flow  commu- 
nication  with  the  outlet  gap  54. 

The  support  plate  intermediate  portion  26c  is  pre- 
40  ferably  flat  and  includes  a  plurality  of  circumferentially 

and  radially  spaced  impingement  holes  58  disposed 
between  the  support  openings  30  and  the  support 
plate  proximal  end  26a  for  channeling  a  first  portion 
of  the  compressed  air  42  as  impingement  air  jets  42a 

45  into  the  plenum  56  to  impinge  against  the  splashplate 
intermediate  portion  52c  for  cooling  thereof.  A  plural- 
ity  of  circumferentially  spaced,  axially  extending  air 
slots  60  are  disposed  between  the  support  plate  prox- 
imal  end  26a  and  the  liner  upstream  end  14a  for  chan- 

50  neling  a  second  portion  42b  of  the  compressed  air  42 
therethrough  and  into  the  plenum  56  for  mixing  with 
spent  impingement  air  42a  which  has  firstly  impinged 
against  the  splashplate  intermediate  portion  52c  to 
form  a  cooling  air  film  42c  extending  from  the  outlet 

55  gap  54  along  the  inner  surface  of  the  liner  14  for  film 
cooling  the  liner  14.  The  outer  and  inner  liners  12,  14 
have  inner  surfaces  which  face  and  confine  the  com- 
bustion  gases  46  and  the  cooling  air  film  42c  flows 
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along  the  inner  surfaces  thereof  to  provide  a  protec- 
tive  cooling  air  boundary  layer. 

In  this  embodiment  of  the  present  invention,  a 
conventional,  relatively  complex  additional  cooling  air 
nugget  is  not  used  for  providing  the  cooling  air  film  5 
42c,  but  instead,  the  impingement  holes  58,  air  slots 
60,  and  outlet  gap  54  are  predeterminedly  sized  and 
configured  for  providing  the  coooling  airfilm  42c  from 
the  outlet  gap  54,  as  well  as  for  providing  impinge- 
ment  cooling  of  the  splashplate  52  and  increasing  the  10 
transient  temperature  response  of  the  support  plate 
proximal  end  26a  at  the  liner  upstream  end  14a.  More 
specifically,  the  impingement  holes  58  are  located  in 
the  flat  support  plate  intermediate  portion  26c  and  no 
in  the  curved  apex  portion  thereof  bridging  the  inter-  15 
mediate  portion  26c  and  the  proximal  end  26a  for  re- 
ducing  stress  concentrations.  The  compressed  air  42 
is  first  channeled  at  the  impingement  air  42a  for  cool- 
ing  the  splashplate  52  and  then  flows  into  the  plenum 
56.  The  air  second  portion  42b  is  channeled  through  20 
the  air  slots  60  for  rapidly  heating  the  flange  joints 
formed  by  the  support  plate  proximal  end  26a,  the 
liner  upstram  end  14a,  and  the  cowl  36  during  an  en- 
gine  acceleration  to  increase  the  transient  tempera- 
ture  response  or  growth  of  the  flange  joint  for  reducing  25 
thermal  stresses. 

Similarly,  on  an  engine  decel,  the  air  second  por- 
tion  42b  more  quickly  cools  the  flange  joint  for  again 
reducing  thermal  stresses  therein.  The  air  second 
portion  42b  is  similarly  then  channeled  into  the  pie-  30 
num  56  wherein  it  is  mixed  with  the  spent  impinge- 
ment  air  42a  and  discharged  through  the  outlet  gap  54 
as  the  cooling  airfilm  42c.  In  this  way,  the  compressed 
air  42  is  more  efficiently  utilized  for  not  only  providing 
the  cooling  air  film  42c  but  also  impingement  cooling  35 
the  splashplate  52  and  increasing  the  transient  re- 
sponse  of  the  flange  joint.  Although  the  cooling  airfilm 
42c  is  hotter  than  it  would  be  if  provided  by  conven- 
tional  cooling  air  nuggets  provided  directly  with  a  por- 
tion  of  previously  unused  compressed  air  42,  it  nev-  40 
ertheless  is  effective  for  providing  film  cooling  of  the 
liner  14. 

In  the  exemplary  embodiment  illustrated  in  Fig- 
ures  2  and  3,  the  liner  upstream  and  14a  is  substan- 
tially  flat  and  the  splashplate  intermediate  portion  52c  45 
at  the  distal  end  52b  is  generally  convex  toward  the 
plenum  56,  or  configured,  to  define  a  converging 
channel  62  for  accelerating  the  spent  impingement  air 
42a  and  the  air  second  portion  42b  mixed  therewith 
from  the  plenum  56  and  out  the  outlet  gap  54  for  ere-  50 
ating  a  more  effective  cooling  airfilm  42c.  As  illustrat- 
ed  in  more  particularity  in  Figure  4,  the  air  slots  60  are 
preferably  configured  for  diffusing  the  air  second  por- 
tion  42b  for  providing  a  circumferentially  uniform  flow 
of  the  cooling  air  film  42c  from  the  outlet  gap  54.  For  55 
example  each  of  the  air  slots  60  includes  a  straight  up- 
stream  end  60a  having  a  constant  width  and  a  di- 
verging  downstream  outlet  portion  60b  having  a  line- 

arly  increasing  width  from  the  first  to  a  maximum 
width  of  W2  at  its  outlet.  In  this  way,  the  air  second  por- 
tion  42b  spreads  circumferentially  more  quickly  upon 
discharge  from  the  air  slots  60  for  improving  the  cir- 
cumferential  uniformity  of  the  cooling  air  film  42c. 
Each  side  of  the  air  slot  outlet  portion  60b  has  a  half 
angle  H,  indicating  its  degree  of  divergence,  which  is 
less  than  about  15°,  and  preferably  10°,  for  providing 
diffusion  of  the  air  second  portion  42b  through  the 
slots  60  without  flow  separation.  Also  in  the  embodi- 
ment  illustrated  in  Figure  4,  each  of  the  air  slots  60  is 
preferably  aligned  parallel  to  the  longitudinal  center- 
line  axis  16  of  the  combustor  10. 

The  air  slots  60  may  have  various  configurations 
between  the  support  plate  proximal  end  26a  and  the 
liner  upstream  end  14a,  and  for  example,  as  illustrat- 
ed  in  Figures  3-5,  the  air  slots  60  are  preferably  dis- 
posed,  or  recessed,  in  the  inner  surface  of  the  liner 
14.  They  may  be  suitably  machined  or  cast  into  the 
liner  14  to  a  suitable  depth  d  of  about  0.5mm  for  ex- 
ample,  and  be  suitably  spaced  apart  at  a  distance  S, 
as  shown  in  Figure  5,  for  providing  effective  thermal 
transient  response  of  the  flange  joint  as  well  as  cir- 
cumferential  uniformity  of  the  cooling  airfilm  42c.  The 
height  of  the  outlet  gap  54  in  this  exemplary  embodi- 
ment  is  about  1  .8mm  for  providing  an  effective  cooling 
airfilm  42c. 

Referring  to  Figures  2,  3,  and  6,  each  of  the 
splashplates  52  preferably  includes  radially  extend- 
ing,  circumferentially  spaced,  opposite  side  edges 
52e  disposed  in  abutment  with  the  support  plate  inter- 
mediate  portion  26c  for  sealing  leakage  therethrough 
of  the  spent  impingement  air42a  and  for  confining  the 
spent  impingement  air  42a  to  flow  radially  through  the 
plenum  56  and  out  the  outlet  gap  54.  As  shown  more 
particularly  in  Figure  2,  each  of  the  splashplates  52 
is  annular  about  the  centerline  axis  50  with  the  prox- 
imal  end  52a  being  tubular,  and  the  intermediate  por- 
tion  52c  being  generally  rectangular.  Each  of  the 
splashplates  52  has  two  distal  ends  52b,  one  at  the 
bottom  and  one  at  the  top  spaced  radially  away  from 
the  liner  14  and  the  centerbody  28  for  example,  to  de- 
fine  respective  outlet  gaps  54.  The  two  radially  ex- 
tending  side  edges  52e  of  each  splashplate  52  are 
disposed  adjacent  to  respective  side  edges  52e  of  cir- 
cumferentially  adjacent  splashplates  52. 

In  a  conventional  splashplate,  radially  extending 
gaps  are  provided  between  the  splashplates  from 
which  air  can  leak.  However,  in  accordance  with  one 
object  of  the  present  invention,  the  splashplate  side 
edges  52e  may  be  formed,  by  bending  for  example, 
to  not  only  space  the  splashplate  intermediate  portion 
52c  axially  away  from  the  support  plate  intermediate 
portion  26c  but  also  to  provide  an  effective  side  seal 
at  the  junction  of  the  side  edges  52e  and  the  support 
plate  intermediate  portion  26c.  In  this  way,  the  spent 
impingement  air  42a  discharged  from  the  impinge- 
ment  holes  58  into  the  plenum  56  is  confined  to  flow 
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in  a  radial  direction  toward  and  out  of  the  outlet  gaps 
54  for  more  efficiently  utilizing  the  spent  impingement 
air  42a  in  providing  an  effective  cooling  air  film  42c 
from  the  outlet  gaps  54. 

As  illustrated  in  Figures  2-4,  the  inner  liner  14,  as 
well  as  the  outer  liner  12  and  the  centerbody  28,  may 
include  in  an  exemplary  embodiment  a  plurality  of  ax- 
ially  spaced  rows  of  rearwardly  inclined  multiholes  64 
disposed  in  the  liner  14  downstream  of  the  outlet  gap 
54  for  channeling  into  the  combustor  10  a  third  portion 
42d  of  the  compressed  air  42  for  both  convectively 
and  film  cooling  the  liner  14.  In  the  exemplary  em- 
bodiment  illustrated  the  multiholes  64  alone  are  inef- 
fective  for  providing  a  suitable  cooling  air  film  along 
the  inner  surface  of  the  liner  14for  protection  against 
the  combustion  gases  46.  However,  as  described 
above,  the  impingement  holes  58,  the  air  slots  60,  and 
the  outlet  gap  54  may  be  preferably  sized  for  providing 
an  effective  cooling  air  film  42c  for  starting  film  cool- 
ing  from  the  first  row  of  multiholes  64.  The  starting 
cooling  airfilm  42c  then  loins  with  the  cooling  airf  ilms 
42d  from  the  multiholes  64  for  providing  a  continuous 
cooling  airfilm  from  the  outlet  gap  54  and  downstream 
over  the  entire  axial  length  of  the  combustor  10. 

Accordingly,  the  combustor  dome  assembly  24  of 
the  present  invention  may  be  used  in  a  new  method 
of  starting  film  cooling  from  the  rows  of  the  multiholes 
64  which  includes  channeling  the  air  first  portion  42a 
through  the  impingement  holes  58  to  impinge  against 
the  splashplate  intermediate  portion  52c  to  form 
spent  impingement  air.  The  method  further  includes 
channeling  the  air  second  portion  42b  through  the  air 
slots  60  and  into  the  plenum  56  for  mixing  with  the 
spent  impingement  air  42a  therein.  The  method  fur- 
ther  includes  discharging  the  mixed  spent  impinge- 
ment  air  42a  and  the  air  second  portion  42b  dis- 
charged  from  the  air  slots  60  from  the  plenum  56  and 
through  the  outlet  gap  54  as  the  cooling  air  film  42c 
for  starting  film  cooling  from  the  rows  of  the  multiholes 
64. 

In  a  preferred  embodiment  of  the  invention,  the 
velocity  of  the  cooling  airfilm  42c  discharged  from  the 
outlet  gap  54  in  the  axial  downstream  direction  is  pre- 
ferably  about  2  to  3  times  that  of  the  velocity  of  the 
combustion  gases  46  in  the  combustor  10,  which  rel- 
atively  high  velocity  of  the  cooling  airfilm  42c  may  be 
more  efficiently  obtained  by  utilizing  both  the  cooling 
air  first  and  second  portions  42a  and  42b  combined 
in  the  plenum  56  and  accelerated  through  the  con- 
verging  channel  62  to  the  outlet  gap  54.  Accordingly, 
the  energy  available  in  the  compressed  air  42  may  be 
used  for  both  impingement  cooling  the  splashplate  52 
and  improving  transient  thermal  response  of  the 
flange  joint  at  the  air  slots  60,  with  suitable  energy  re- 
maining  therein  for  providing  an  effective  cooling  air 
film  42c.  Since  pressure  drops  occur  across  both  the 
impingement  holes  58  and  the  air  slots  60  which  nec- 
essarily  reduce  the  velocity  of  the  cooling  air  42  being 

channeling  therethrough,  both  the  converging  chan- 
nel  62  and  the  seals  provided  by  the  splashplate  side 
edges  52e  are  effective  for  improving  the  efficiency 
of  channeling  the  compressed  air42  to  the  outlet  gaps 

5  54  for  providing  an  effective  cooling  air  film  42c. 
Furthermore,  since  a  plurality  of  circumferentially 

spaced  air  slots  60  feed  the  circumferentially  extend- 
ing  plenum  56  and  outlet  gap  54,  the  air  second  por- 
tion  42c  must  be  suitably  circumferentially  spread 

10  upon  discharge  from  the  air  slot  60  as  above  descri- 
bed  for  providing  a  circumferentially  uniform  cooling 
air  film  42c  for  effectively  protecting  the  liner  14  as 
well  as  effectively  starting  film  cooling  from  the  mul- 
tiholes  64  uniformly  circumferentially  around  the  liner 

15  14. 
Although  diverging  air  slots  60  disposed  parallel 

to  the  combustor  centerline  axis  16  are  illustrated  in 
the  preferred  embodiment,  including  Figure  4,  alter- 
nate  configurations  of  the  air  slots  60  may  also  be 

20  used  as  shown  in  Figures  7-1  0.  For  example,  illustrat- 
ed  in  Figure  7  is  an  embodiment  wherein  the  air  slots, 
designated  60B  simply  have  straight  sides  aligned 
parallel  to  the  combustor  longitudinal  axis  16  and  suit- 
ably  closely  spaced  to  each  other  for  collectively  pro- 

25  viding  a  circumferentially  uniform  cooling  air  film  42c 
when  mixed  with  the  spent  impingement  air  42a.  In 
Figure  8,  each  of  the  straight  air  slots,  designated 
60C,  may  be  aligned  at  an  acute  angle  A  relative  to  the 
longitudinal  centerline  axis  16  of  the  combustor  10.  In 

30  Figure  9,  the  air  slots  may  be  in  the  form  of  two  rela- 
tively  narrow  slots  60D,  or  double  slots,  closely  cir- 
cumferentially  spaced  relative  to  each  other  at  a  dis- 
tance  Si  with  the  circumferential  spacing  S  between 
adjacent  ones  of  the  double  slots  60D  being  generally 

35  equal  to  that  of  the  diverging  air  slots  60  illustrated  in 
Figure  5.  And,  in  Figure  10,  the  air  slots  designated 
60E  may  combine  the  acute  angle  A  orientation  of  the 
centerline  thereof  as  shown  in  Figure  8  with  the  di- 
verging  outlet  portion  60Jb  as  shown  in  Figure  4. 

40  Other  configurations  and  combinations  of  configura- 
tions  of  the  air  slots  60  may  also  be  used  for  both  pro- 
viding  effective  transient  thermal  response  of  the 
flange  joint  defined  at  the  air  slot  60  as  well  as  pro- 
viding  the  air  second  portion  42b  into  the  plenum  56 

45  for  providing  an  effective  and  circumferentially  uni- 
form  cooling  air  film  42c  from  the  outlet  gap  54.  Slot 
size,  shape,  and  configuration  may  be  suitably  adjust- 
ed  to  optimize  any  particular  design. 

As  disclosed  above,  the  combustor  dome  assem- 
50  bly  24  may  be  configured  for  providing  a  respective 

outlet  gap  54  at  the  upstream  end  of  the  inner  surface 
of  the  radial  inner  liner  14,  as  well  as  at  the  upstream 
end  of  the  inner  surface  of  the  outer  liner  12,  and  at 
both  upstream  ends  of  the  outer  surface  of  the  cen- 

55  terbody  28  for  providing  film  cooling  thereof.  The  re- 
sulting  combustor  dome  assembly  24  has  reduced 
weight,  complexity,  and  manufacturing  cost  in  com- 
parison  to  using  conventional  film  cooling  air  starting 

6 
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means  including  nuggets,  and  eliminates  small-hole 
stress  concentrations  in  high  stress  areas  of  the  dome 
such  as  at  the  apex  joining  the  support  plate  proximal 
end  26a  to  the  support  plate  intermediate  portion  26c. 
And.  most  significantly,  more  efficient  use  is  made  of  5 
the  compressed  air42  channeled  firstly  and  separate- 
ly  through  both  the  impingement  holes  58  and  the  air 
slots  60  and  then  collectively  through  the  outlet  gaps 
54  for  providing  film  cooling  of  the  combustor  liners 
facing  and  confining  the  combustion  gases  46  there-  10 
in. 

While  there  have  been  described  herein  what  are 
considered  to  be  preferred  embodiments  of  the  pres- 
ent  invention,  other  modifications  of  the  invention 
shall  be  apparent  to  those  skilled  in  the  art  from  the  15 
teachings  herein. 

Claims 

1  .  A  combustor  dome  assembly  for  an  annular  gas 
turbine  engine  combustor  having  a  liner  for  facing 
and  confining  combustion  gases  comprising: 

an  annular  support  plate  having  a  proximal 
end  fixedly  joined  to  said  liner,  a  distal  end,  and 
an  intermediate  portion  therebetween  having  a 
plurality  of  circumferentially  spaced  support 
openings  each  for  supporting  a  respective  car- 
buretor, 

a  plurality  of  annular  splashplates  each 
having  a  proximal  end  fixedly  joined  coaxially  to 
a  respective  one  of  said  support  openings,  an  in- 
termediate  flared  portion  spaced  axially  down- 
stream  from  said  support  plate  intermediate  por- 
tion  and  radially  away  from  said  liner  to  define  a 
plenum,  and  a  distal  end  spaced  radially  away 
from  said  liner  to  define  a  circumferentially  ex- 
tending  outlet  gap  in  flow  communication  with 
said  plenum; 

said  support  plate  intermediate  portion 
having  a  plurality  of  impingement  holes  disposed 
between  said  support  openings  and  said  support 
plate  proximal  end  for  channeling  a  first  portion  of 
compressed  air  as  impingement  air  into  said  ple- 
num  to  impinge  against  said  splashplate  inter- 
mediate  portion;  and 

a  plurality  of  circumferentially  spaced,  ax- 
ially  extending  air  slots  disposed  between  said 
support  plate  proximal  end  and  said  liner  for 
channeling  a  second  portion  of  said  compressed 
air  therethrough  and  into  said  plenum  for  mixing 
with  spent  impingement  air  to  form  a  cooling  air 
film  extending  from  said  outlet  gap  along  said 
liner  for  film  cooling  thereof. 

2.  A  combustor  dome  assembly  according  to  claim 
1  wherein  said  impingement  holes,  air  slots,  and 
outlet  gap  are  sized  and  configured  for  impinge- 

ment  cooling  said  splashplate,  increasing  tran- 
sient  temperature  response  of  said  support  plate 
proximal  end  at  said  liner,  and  providing  said  cool- 
ing  air  film  from  said  outlet  gap. 

5 
3.  A  combustor  dome  assembly  according  to  claim 

2  wherein  said  splashplate  intermediate  portion 
and  said  liner  are  configured  to  define  a  converg- 
ing  channel  for  accelerating  said  spent  impinge- 

10  mentairand  said  air  second  portion  from  said  ple- 
num  and  out  said  outlet  gap. 

4.  A  combustor  dome  assembly  according  to  claim 
2  wherein  said  air  slots  are  configured  for  diffus- 

15  ing  said  air  second  portion  for  providing  a  circum- 
ferentially  uniform  flow  of  said  cooling  air  film 
from  said  outlet  gap. 

5.  A  combustor  dome  assembly  according  to  claim 
20  2  wherein  each  of  said  air  slots  includes  a  diverg- 

ing  outlet  portion. 

6.  A  combustor  dome  assemby  according  to  claim  2 
wherein  each  of  said  air  slots  is  aligned  parallel 

25  to  a  longitudinal  centerline  axis  of  said  combus- 
tor. 

7.  A  combustor  dome  assembly  according  to  claim 
2  wherein  each  of  said  air  slots  is  aligned  at  an 

30  acute  angle  relative  to  a  longitudinal  centerline 
axis  of  said  combustor. 

8.  A  combustor  dome  assembly  according  to  claim 
2  wherein  said  air  slots  are  disposed  in  a  surface 

35  of  said  liner. 

9.  A  combustor  dome  assembly  according  to  any  of 
Claims  2  to  8  wherein  each  of  said  splashplates 
further  includes  radial  extending,  circumferential- 
ly  spaced,  opposite  side  edges  extending  in  abut- 
ment  with  said  support  plate  intermediate  portion 
for  sealing  leakage  therethrough  of  said  spent  im- 
pingement  air  for  confining  said  spent  impinge- 
ment  air  to  flow  through  said  plenum  and  out  said 
outlet  gap. 

10.  A  combustor  dome  assembly  according  to  Claim 
9  as  dependent  on  Claim  4  further  including  : 

a  plurality  of  axially  spaced  rows  of  includ- 
ed  multiholes  disposed  in  said  liner  downstream 
of  said  outlet  gap  for  channeling  into  said  com- 
bustor  a  portion  of  said  compressed  air  for  film 
cooling  said  liner  thereof;  and 

said  cooling  airfilm  is  effective  for  starting 
film  cooling  from  said  multihole  rows. 

11.  In  a  combustor  dome  assembly  according  to 

45 
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Claim  1  and  further  including  a  plurality  of  axially 
spaced  rows  of  inclined  multiholes  disposed  in 
said  liner  downstream  of  said  outlet  gap  for  chan- 
neling  into  said  combustor  a  portion  of  said  com- 
pressed  air  for  film  cooling  said  liner  thereof,  a  5 
method  of  starting  film  cooling  from  said  multi- 
hole  rows  comprising  : 

channeling  said  air  first  portion  through 
said  impingement  holes  in  impingement  against 
said  splashplate  intermediate  portion  to  form  10 
spent  impingement  air; 

channeling  said  air  second  portion 
through  said  air  slots; 

mixing  in  said  plenum  said  spent  impinge- 
ment  air  with  said  air  second  portion  from  said  air  15 
slots;  and 

discharging  said  mixed  spent  impinge- 
ment  air  and  said  air  second  portion  through  said 
outlet  gap  as  said  cooling  airfilm  to  start  film  cool- 
ing  from  said  multihole  rows.  20 
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