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©  A  hollow  impingement  baffle  (38)  includes  a  sep- 
tum  (60)  extending  between  its  bottom  (54)  and  top 
(52)  and  spaced  between  its  forward  (48)  and  aft 
(50)  edges  to  define  a  forward  manifold  (62)  and  an 
aft  manifold  (64).  The  baffle  includes  an  inlet  (56) 
having  a  forward  portion  for  channeling  a  first  portion 
of  compressed  air  to  the  forward  manifold,  and  an  aft 
portion  for  channeling  a  second  portion  of  the  com- 
pressed  air  into  the  aft  manifold  with  a  predeter- 
mined  pressure  drop  for  obtaining  a  lower  pressure 
in  the  aft  manifold  relative  to  a  higher  pressure  in  the 
forward  manifold.  The  baffle  includes  impingement 
holes  (58)  for  discharging  the  compressed  air 
against  the  inner  surface  (40)  of  a  surrounding  airfoil 
for  the  impingement  cooling  thereof. 
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The  present  invention  relates  generally  to  gas 
turbine  engines,  and,  more  specifically,  to  impinge- 
ment  cooled  airfoils  therein. 

BACKGROUND  OF  THE  INVENTION 

A  gas  turbine  engine  includes  a  compressor  for 
providing  compressed  air  which  is  mixed  with  fuel 
in  a  combustor  and  ignited  for  generating  combus- 
tion  gases  which  flow  through  a  turbine  for  generat- 
ing  power.  The  turbine  includes  one  or  more 
stages,  with  each  stage  including  a  plurality  of 
circumferentially  spaced  rotor  blades  extending 
from  a  disc  which  is  in  turn  joined  to  a  shaft  for 
proving  power  to  the  compressor,  for  example. 
Disposed  upstream  of  each  rotor  blade  stage  is  a 
turbine  nozzle  including  a  plurality  of  circumferen- 
tially  spaced  stator  vanes  for  suitably  channeling 
the  combustion  gases  to  the  respective  rotor 
blades. 

The  stator  vanes  and  rotor  blades  are  conven- 
tionally  cooled  using  a  portion  of  the  compressed 
air  to  prove  acceptable  life  in  operation  under  the 
adverse  affects  of  the  hot  combustion  gases.  De- 
pending  upon  the  designed-for  combustion  gas 
temperatures  generated  by  the  combustor,  various 
types  of  cooling  schemes  are  used  for  effectively 
cooling  the  vanes  and  blades.  Such  schemes  in- 
trude  conventionally  known  film  cooling  wherein  a 
plurality  of  film  cooling  apertures  are  disposed 
through  the  airfoils  of  the  vanes  and  blades,  and 
the  compressed  air  is  channeled  through  the  air- 
foils  and  out  the  holes  for  effecting  a  layer  of  film 
cooling  air  along  the  outer  surface  of  the  airfoils 
which  proves  a  barrier  against  the  combustion  gas- 
es  flowable  thereover.  Since  the  leading  edge  of 
the  airfoil  is  typically  subject  to  the  highest  heat 
transfer  coefficient  it  therefore  experiences  the 
highest  heat  flux  into  the  airfoil  thusly  requiring  a 
correspondingly  greater  amount  of  heat  transfer 
therefrom  for  providing  effective  cooling  thereof. 
And,  since  downstream  of  the  airfoil  leading  edge 
the  heat  flux  decreases,  less  heat  transfer  is  re- 
quired  for  the  effective  cooling  thereof. 

In  another  cooling  scheme,  a  conventional  hol- 
low  impingement  baffle  is  disposed  inside  the  air- 
foil  and  spaced  away  from  the  inner  surface  there- 
of,  with  the  baffle  including  impingement  holes 
sized  for  effecting  impingement  jets  of  cooling  air 
against  the  inner  surface  of  the  airfoil  for  providing 
impingement  cooling  thereof.  The  spent  impinge- 
ment  air  is  then  discharged  from  the  airfoil  either 
through  the  film  cooling  holes  therethrough,  or 
through  conventional  trailing  edge  apertures,  for 
example. 

Again,  the  greatest  amount  of  cooling  or  heat 
transfer  is  required  in  the  high  heat  flux  leading 
edge  region  as  compared  to  low  heat  flux  region 

near  the  airfoil  mid-chord,  for  example.  Such  heat 
transfer  may  be  obtained  by  using  impingement 
cooling,  or  film  cooling,  or  both  in  accordance  with 
convention  practice. 

5  However,  with  a  single  supply  pressure  of  the 
cooling  air  to  a  hollow  airfoil,  it  is  difficult  to  si- 
multaneously  provide  adequate  cooling  of  the  high 
heat  flux  leading  edge  region  and  uniform  cooling 
of  the  low  heat  flux  mid-chord  region  extending 

io  downstream  therefrom  with  reduced  total  airflow. 
For  example,  impingement  cooling  requires  a 

given,  relatively  high  pressure  ratio  across  the  im- 
pingement  baffle  to  drive  the  cooling  air  through 
the  impingement  holes  in  impingement  against  the 

75  airfoil  inner  surface  to  match  the  highest  heat  flux 
region  at  the  leading  edge.  Since  the  pressure  ratio 
across  the  baffle  is  driven  by  the  supply  pressure 
on  its  inside  relative  to  the  discharge  pressure  on 
its  outside,  the  single,  high  supply  pressure  re- 

20  quired  for  the  high  heat  flux  region  leads  to  a 
compromise  for  the  low  heat  flux  region. 

More  specifically,  impingement  jet  cooling  is  a 
function  of  the  hole  density,  or  number  of  holes  per 
unit  area,  and  the  driving  pressure  ratio  thereacross 

25  which  will  effect  a  specific  average  metal  tempera- 
ture  of  the  airfoil.  Most  cooling  from  an  impinge- 
ment  jet  is  located  directly  below  an  impingement 
hole  with  least  cooling  occurring  between  adjacent 
holes.  Impingement  jet  cooling  therefore  effects 

30  local  variations  in  airfoil  temperature  in  a  generally 
sinusoidal  pattern  from  jet-to-jet  with  a  resulting 
average  temperature  due  thereto.  The  variations 
are  referred  to  as  hot  and  cold  spots  associated 
with  the  airfoil  between  and  below  the  impingement 

35  holes,  respectively. 
In  designing  effective  cooling  of  the  airfoil,  the 

difference  in  temperature  between  the  hot  and  cold 
spots  should  be  as  low  as  possible  for  obtaining  a 
desired  average  temperature  since  the  hot  and 

40  cold  spots  can  decrease  the  effective  useful  life  of 
the  airfoil.  By  increasing  the  hole  density,  both  the 
average  metal  temperature  and  the  difference  in 
magnitude  between  the  hot  and  cold  spots  may  be 
reduced  but  at  the  expense  of  an  increase  in  total 

45  cooling  airflow  channeled  through  the  increased 
collective  flow  area  of  the  higher  density  holes. 

However,  compressor  air  used  for  cooling  the 
airfoils  necessarily  decreases  overall  efficiency  of 
the  gas  turbine  engine  since  it  is  being  used  for 

50  cooling  purposes  and  does  not  undergo  combus- 
tion  with  the  attendant  power  generation  therefrom. 
Accordingly,  conventional  cooling  schemes  utilize 
as  few  cooling  air  apertures  as  practical  for  mini- 
mizing  the  required  amount  of  cooling  air  while  still 

55  providing  effective  average  cooling  of  the  airfoil 
without  unacceptably  high  temperature  fluctuations 
between  cooling  holes. 
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With  a  given  pressure  ratio  across  the  impinge- 
ment  baffle,  and  with  a  common  supply  pressure  of 
the  compressed  air  to  the  inside  of  the  baffle,  the 
hole  density  may  be  preselected  to  ensure  ade- 
quate  average  cooling  of  the  high  heat  flux  region 
adjacent  the  leading  edge  which,  however,  proves 
overcooling  of  the  airfoil  downstream  of  the  leading 
edge  for  a  hole  density  selected  to  limit  hot  and 
cod  spots.  Alternatively,  if  the  hole  density  is  selec- 
tively  decreased  downstream  of  the  leading  edge 
to  provide  a  lower  heat  transfer  and  less  cooling 
thereof  to  prevent  overcooling,  the  temperature 
variations  between  adjacent  holes  increases  for  a 
given  desired  average  metal  temperature  thus  in- 
creasing  the  difference  in  hot  and  cold  spots.  The 
overcooled  high-density  hole  option  wastes  cooling 
air,  while  the  low-density  hole  option  increases 
thermally  induced  fatigue  which  may  reduce  the 
effective  useful  life  of  the  airfoil.  So  a  compromise 
is  typically  used  to  vary  the  hole  density  to  reduce 
the  overcooling  at  the  expense  of  increased  hot 
and  cold  spots. 

Objects  of  the  Invention 

Accordingly,  one  object  of  the  present  inven- 
tion  is  to  provide  a  new  and  improved  airfoil  having 
an  impingement  baffle  for  more  effectively  utilizing 
compressed  cooling  air. 

Another  object  of  the  present  invention  is  to 
provide  a  new  and  improved  impingement  baffle 
effective  for  obtaining  a  plurality  of  pressure  ratios 
over  the  impingement  holes  thereof  corresponding 
to  differing  heat  flux  regions. 

Another  object  of  the  present  invention  is  to 
provide  an  impingement  baffle  for  effectively  cool- 
ing  a  region  of  high  heat  flux  as  well  as  a  region  of 
low  heat  flux  without  overcooling  thereof. 

Another  object  of  the  present  invention  is  to 
provide  an  impingement  baffle  effective  for  reduc- 
ing  hot  and  cold  spot  differences  in  the  airfoil  while 
maintaining  a  predetermined  average  temperature 
thereof. 

Summary  of  the  Invention 

A  hollow  impingement  baffle  includes  a  septum 
extending  between  its  bottom  and  top  and  spaced 
between  its  forward  and  aft  edges  to  define  a 
forward  manifold  and  an  aft  manifold.  The  baffle 
includes  an  inlet  having  a  forward  portion  for  chan- 
neling  a  first  portion  of  compressed  air  to  the 
forward  manifold,  and  an  aft  portion  for  channeling 
a  second  portion  of  the  compressed  air  into  the  aft 
manifold  with  a  predetermined  pressure  drop  for 
obtaining  a  lower  pressure  in  the  aft  manifold  rela- 
tive  to  a  higher  pressure  in  the  forward  manifold. 
The  baffle  includes  impingement  holes  for  dis- 

charging  the  compressed  air  against  the  inner  sur- 
face  of  a  surrounding  airfoil  for  the  impingement 
cooling  thereof. 

5  Brief  Description  of  the  Drawing 

The  invention,  in  accordance  with  preferred 
and  exemplary  embodiments,  together  with  further 
objects  and  advantages  thereof,  is  more  particu- 

io  larly  described  in  the  following  detailed  description 
taken  in  conjunction  with  the  accompanying  draw- 
ings  in  which: 

Figure  1  is  an  axial,  party  sectional  view  of  a 
portion  of  a  gas  turbine  engine  turbine  nozzle 

is  disposed  axially  between  rotor  blade  stages. 
Figure  2  is  a  transverse  sectional  view  of  one  of 
the  nozzle  vanes  illustrated  in  Figure  1  including 
an  impingement  baffle  therein  taken  along  line 
2-2. 

20  Figure  3  is  a  perspective  view  of  an  exemplary 
impingement  baffle  used  in  the  nozzle  vane 
illustrated  in  Figures  1  and  2. 
Figure  4  is  a  longitudinal  sectional  view  of  the 
impingement  baffle  illustrated  in  Figure  3. 

25  Figure  5  is  a  top  view  of  the  impingement  baffle 
illustrated  in  Figure  3. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT(S) 

30 
Illustrated  in  Figure  1  is  an  exemplary  second 

stage  annular  turbine  nozzle  10  including  a  plurality 
of  circumferentially  spaced  apart  stator  vanes  or 
airfoils  12.  The  vanes  12  are  conventional  and 

35  include  a  first  or  concave  side  14,  as  additionally 
shown  in  Figure  2,  and  a  second,  or  convex  side 
16  joined  together  at  a  leading  edge  18  and  a 
trailing  edge  20.  Each  of  the  vanes  12  also  in- 
cludes  a  radially  outer  band  or  shroud  22  conven- 

40  tionally  joined  to  an  annular  outer  casing  24  to 
define  an  annular  plenum  26  therebetween.  A  radi- 
ally  inner  band  or  shroud  28  is  disposed  at  the 
opposite  end  of  the  vane  12. 

Disposed  immediately  upstream  of  the  stage- 
45  two  nozzle  10  is  a  conventional  first  stage  turbine 

30  having  a  plurality  of  circumferentially  spaced 
apart  rotor  blades  between  which  are  convention- 
ally  channeled  combustion  gases  32  received  in 
turn  from  a  conventional  first  stage  nozzle  and 

50  combustor  (not  shown).  Disposed  immediately 
downstream  of  the  stage-two  nozzle  10  is  a  con- 
ventional  second  stage  turbine  34  which  includes  a 
plurality  of  circumferentially  spaced  apart  rotor 
blades  between  which  are  channeled  the  combus- 

55  tion  gases  32  from  the  stage-two  nozzle  10. 
In  order  to  cool  the  nozzle  10  from  the  heating 

effects  of  the  combustion  gases  32,  compressed 
cooling  air  36  is  conventionally  channeled  through 

3 
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the  casing  24  and  to  the  nozzle  10  from  a  conven- 
tional  compressor  (not  shown).  In  accordance  with 
a  preferred  and  exemplary  embodiment  of  the 
present  invention,  a  hollow  impingement  baffle  or 
tube  insert  38  is  conventionally  supported  inside 
each  of  the  airfoils  12  for  providing  impingement 
cooling  of  the  inner  surface  40  thereof.  The  outer, 
opposite,  surface  42  of  the  airfoil  12  is  heated  by 
the  combustion  gases  32  which  flow  thereover,  and 
therefore,  the  impingement  baffle  38  is  provided  to 
cool  the  inner  surface  40  for  maintaining  the  aver- 
age  temperature  of  the  airfoil  12  at  predeterminedly 
low  values  to  ensure  an  effective  usage  life  of  the 
airfoils  12  during  operation  in  the  gas  turbine  en- 
gine. 

Referring  to  Figures  1,  2  and  3,  the  baffle  38 
includes  a  first,  or  generally  concave  side  44  and  a 
second,  or  generally  convex  side  46  joined  to- 
gether  at  a  radially  extending  forward  edge  48  and 
a  radially  extending  aft  edge  50.  The  baffle  38  also 
includes  a  generally  flat  top  52  in  the  exemplary 
form  of  a  plate  disposed  at  the  radially  outer  end 
thereof,  and  a  bottom  54  also  in  the  exemplary 
form  of  a  flat  plate  disposed  at  an  opposite  end 
thereof  and  radially  inwardly  of  the  top  52.  The 
bottom  54  is  preferably  imperforate,  and  the  top  52 
is  also  preferably  imperforate  except  for  an  inlet  56 
in  the  exemplary  form  of  a  tubular  collar  or  intake 
ring  conventionally  fixedly  joined  to  the  top  plate 
52  and  disposed  in  the  plenum  26  for  receiving  the 
compressed  air  35  for  flow  through  the  baffle  38. 
The  baffle  first  and  second  sides  44  and  46  include 
conventional  impingement  holes  58  which  face  the 
airfoil  inner  surface  40  for  conventionally  forming 
jets  of  the  compressed  air  36  directed  against  the 
airfoil  inner  surface  40  for  the  impingement  cooling 
thereof.  The  impingement  holes  58  are  preferably 
sized  and  configured  in  accordance  with  a  pre- 
ferred  embodiment  of  the  present  invention  as  de- 
scribed  below  for  more  effectively  utilizing  the 
compressed  air  36  channeled  into  the  baffle  38. 

In  accordance  with  one  feature  of  the  present 
invention,  each  of  the  baffle  38  includes  a  dividing 
wall  or  septum  60  extending  radially  between  the 
baffle  bottom  54  and  top  52  and  spaced  axially 
between  the  baffle  forward  and  aft  edges  48  and 
50  to  define  a  forward  manifold  62  extending  from 
the  septum  60  to  the  forward  edge  48,  and  an  aft 
manifold  64  extending  from  the  septum  60  to  the 
aft  edge  50,  with  both  manifolds  62,  64  also  ex- 
tending  radially  from  the  bottom  54  to  the  top  52. 
In  order  to  save  weight  and  provide  for  effective 
impingement  cooling  air  performance,  each  airfoil 
12  preferably  includes  only  one  of  the  baffles  38 
therein,  with  the  baffle  forward  manifold  62  being 
disposed  adjacent  to  the  airfoil  leading  edge  18, 
and  the  baffle  aft  manifold  64  being  disposed  in  the 
mid-chord  region  between  the  forward  manifold  62 

and  the  airfoil  trailing  edge  20  without  any  interven- 
ing  structures  such  as  structural  dividing  ribs  be- 
tween  the  leading  and  trailing  edges  18,  20.  The 
airfoil  12  surrounds  the  baffle  38  and  is  convention- 

5  ally  spaced  therefrom  to  define  an  impingement 
channel  66  therebetween  as  shown  in  Figure  2,  for 
example,  into  which  channel  66  the  spent  impinge- 
ment  air  is  collected  and  channeled  through  con- 
ventional  trailing  edge  apertures  68  as  shown  in 

io  Figures  1  and  2  and  through  conventional  outlet 
apertures  70  in  the  inner  shroud  28,  for  example, 
as  shown  in  Figure  1  . 

In  the  preferred  embodiment,  the  baffle  inlet  56 
is  a  common  inlet  disposed  at  the  baffle  top  52  for 

is  channeling  the  compressed  air  36  into  the  baffle  38 
for  direct  flow  to  both  the  forward  and  aft  manifolds 
62  and  64  as  shown  in  more  particularity  in  Figures 
4  and  5.  More  specifically,  the  inlet  56  includes  a 
forward  portion  56a  defined  between  the  baffle  top 

20  52  and  the  septum  60  which  is  disposed  in  flow 
communication  with  the  forward  manifold  62  for 
channeling  a  first  portion  36a  of  the  compressed  air 
36  directly  into  the  forward  manifold  62.  The  inlet 
56  also  includes  an  aft  portion  56b  disposed  in  flow 

25  communication  with  the  aft  manifold  64  for  chan- 
neling  a  second  portion  36b  of  the  compressed  air 
36  directly  into  the  aft  manifold  64.  In  the  preferred 
embodiment  of  the  present  invention  the  inlet  aft 
portion  56b  is  sized  and  configured  for  providing  a 

30  predetermined  pressure  drop  in  the  compressed  air 
second  portion  36b  as  it  flows  therethrough  so  that 
the  compressed  air  second  portion  36b  inside  the 
aft  manifold  64  is  at  a  total  pressure  P2  which  is 
less  than  the  total  pressure  Pi  of  the  compressed 

35  air  first  portion  36a  inside  the  forward  manifold  62. 
Also  in  the  preferred  embodiment  of  the  inven- 

tion,  the  inlet  aft  portion  56b  is  in  the  form  of  a 
plurality  of  metering  holes,  three  being  shown,  dis- 
posed  in  the  top  of  the  septum  60  adjacent  the 

40  baffle  top  52  which  is  otherwise  imperforate  for 
collectively  channeling  the  compressed  air  second 
portion  36b  into  the  aft  manifold  64.  The  septum  60 
is  conventionally  joined  to  a  portion  of  the  baffle 
top  52  in  the  inlet  56  by  brazing  for  example.  The 

45  septum  60  divides  the  baffle  38  into  the  two  man- 
ifolds  62,  64  and  divides  the  common  inlet  56  into 
the  forward  portion  56a  and  the  aft  portion  56b  for 
dividing  the  compressed  air  36  therebetween  The 
inlet  forward  portion  56a  is  preferably  sized  for 

50  channeling  the  compressed  air  36  into  the  forward 
manifold  62  at  full  pressure  without  appreciable 
pressure  drop  or  obstruction  which  is  accomplished 
in  the  embodiment  illustrated  by  projecting  the  top 
portion  of  the  septum  60  radially  inwardly  from  the 

55  inner  surface  of  the  common  inlet  56  without  ap- 
preciably  reducing  the  flow  area  of  the  compressed 
air  36  as  it  flows  through  the  common  inlet  56  and 
through  the  forward  portion  56a  into  the  forward 

4 
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manifold  52. 
However,  the  flow  area  provided  by  the  inlet  aft 

portion  56b  is  smaller  than  that  of  the  common 
inlet  56  to  provide  a  predetermined  pressure  drop 
in  the  compressed  air  36  as  it  flows  through  the 
inlet  aft  portion  56b  and  into  the  aft  manifold  64. 
The  inlet  aft  portion  56b  in  the  form  of  a  plurality  of 
conventional  metering  holes  has  a  relatively  small 
collective  flow  area  as  compared  to  the  flow  area  of 
the  common  inlet  56  to  provide  the  required  pres- 
sure  drop  as  well  as  the  required  flow  rate  into  the 
aft  manifold  64.  However,  the  inlet  aft  portion  56b 
may  be  a  single  hole. 

The  construction  and  operation  of  impingement 
baffles  used  in  turbine  nozzles  is  conventionally 
known  with  the  compressed  air  36  being  typically 
provided  at  a  single  pressure  into  a  single  cavity 
impingement  baffle.  In  such  a  conventional  single 
cavity  baffle,  the  density  of  the  impingement  holes 
is  conventionally  varied  along  the  baffle  sides  and 
between  the  baffle  leading  and  trailing  edges  to 
conventionally  match  the  varying  heat  flux  from  the 
combustion  gases  32  which  heat  the  airfoil  12.  For 
example,  since  the  region  of  the  airfoil  leading 
edge  18  is  conventionally  known  as  a  relatively 
high  heat  flux  region,  more  cooling  thereof  is  re- 
quired  as  compared  to  regions  downstream  there- 
from  such  as  the  mid-chord  region  extending  to- 
ward  the  trailing  edge  20  which  are  subject  to  a 
lower  heat  flux.  In  a  conventional  impingement  baf- 
fle,  the  impingement  holes  58  are  suitably  sized  so 
that  the  single  pressure  of  the  supplied  compressor 
air  36  effects  a  suitable  impingement  jet  through 
the  impingement  holes  58  and  against  the  inner 
surface  40  of  the  airfoil  12.  As  is  conventionally 
known,  the  pressure  differential  or  pressure  ratio 
between  the  compressed  air  36  on  the  inside  of  the 
baffle  and  the  spent  impingement  air  in  the  im- 
pingement  channel  66  on  the  outside  of  the  baffle 
38  is  preselected  for  forming  suitable  impingement 
jets  against  the  airfoil  inner  surface  40.  In  a  con- 
ventional  single  supply  pressure,  single  pressure 
ratio  impingement  baffle,  the  impingement  holes 
are  suitably  sized  to  ensure  the  generation  of  effec- 
tive  impingement  jets,  but  this  leads  to  either  over- 
cooling  of  regions  of  the  airfoil  12  or  increased  hot 
and  cold  spots  therein  or  a  compromise  there- 
between  as  addressed  in  the  Background  Section. 

More  specifically,  since  the  heat  flux  into  the 
airfoil  12  varies  along  the  outer  surface  42  thereof 
and  from  the  leading  edge  18  having  the  highest 
heat  flux  to  lower  heat  flux  downstream  therefrom, 
the  requirement  for  cooling  or  heat  transfer  from 
the  airfoil  12  also  varies.  In  order  to  effectively  cool 
the  high  heat  flux  regions  such  as  near  the  leading 
edge  18,  a  predetermined  relatively  high  density  of 
the  impingement  holes  58  is  required  in  that  region 
and  may  be  conventionally  determined  for  each 

design.  If  the  same  high  density  of  impingement 
holes  58  is  made  generally  uniform  over  the  entire 
baffle  38  from  the  forward  edge  48  to  the  aft  edge 
50,  the  low  heat  flux  regions  disposed  downstream 

5  from  the  airfoil  leading  edge  18  will  necessarily  be 
overcooled  since  they  do  not  require  as  much 
cooling  as  the  region  at  the  leading  edge  18. 
Accordingly,  excessive  amounts  of  the  compressed 
air  36  will  be  used  which  decreases  the  overall 

io  efficiency  of  the  gas  turbine  engine. 
Alternatively,  if  the  density  of  the  impingement 

holes  58  is  reduced  in  the  low  heat  flux  mid-chord 
region  downstream  of  the  leading  edge  18  as  com- 
pared  to  the  high  heat  flux  region  adjacent  to  the 

is  leading  edge  18,  overcooling  may  be  reduced  or 
avoided  in  the  low  heat  flux  region  of  the  airfoil  12, 
but  with  an  increase  in  hot  and  cold  spots  which 
can  reduce  fatigue  life  of  the  airfoil  12.  Each  of  the 
impingement  holes  58  effects  a  relatively  cold  spot 

20  where  it  impinges  against  the  inner  surface  40  of 
the  airfoil  12,  with  the  airfoil  inner  surface  40  having 
a  relatively  hot  spot  between  adjacent  cold  spots 
and  impingement  holes  58.  In  other  words,  a  gen- 
erally  sinusoidal  temperature  distribution  is  effected 

25  in  the  airfoil  12  between  adjacent  impingement 
holes  58  with  a  resultant  average  temperature.  Ac- 
cordingly,  the  density  of  the  impingement  holes  58 
may  be  reduced  in  low  heat  flux  regions  to  reduce 
overcooling  and  achieve  a  predetermined  average 

30  temperature  of  the  airfoil  12,  but  with  increased 
variation  in  local  temperatures  associated  with  the 
hot  and  cold  spots.  Such  variation  adversely  affects 
airfoil  fatigue  life,  and,  therefore,  compromises  are 
typically  made  in  the  density  of  the  impingement 

35  holes  58  subject  to  a  single  supply  pressure  of  the 
compressed  air  36  to  provide  varying  hole  density 
effective  for  cooling  the  airfoil  12  subject  to  high 
and  low  heat  flux  regions  without  either  excessive 
overcooling  thereof  in  the  low  heat  flux  regions  or 

40  excessive  hot  and  cold  spots.  Nevertheless, 
efficiency-decreasing  overcooling  of  the  low  heat 
flux  regions  occurs  and/or  hot  and  cold  spots  re- 
duce  airfoil  life. 

However,  by  utilizing  the  bifurcated  impinge- 
45  ment  baffle  38  described  above,  two  different  sup- 

ply  pressures  and  corresponding  pressure  ratios 
across  the  impingement  holes  58  in  the  forward 
and  aft  manifolds  62  and  64  may  be  obtained  for 
improving  performence.  More  specifically,  the  com- 

50  pressed  air  first  portion  36a  provided  to  the  forward 
manifold  62  is  at  a  relatively  high  pressure  Pi 
compared  to  the  pressure  P2  of  the  compressed  air 
second  portion  36b  in  the  aft  manifold  64.  The  inlet 
forward  portion  56a  is  sized  for  providing  the  com- 

55  pressed  air  36  into  the  forward  manifold  62  with 
little  or  no  pressure  drop  so  that  the  maximum 
possible  driving  pressure  is  provided  in  the  forward 
manifold  62  for  driving  the  relatively  high  density 

5 
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impingement  holes  58  therein  for  providing  a  rela- 
tively  high  heat  transfer  rate  along  the  inner  surface 
40  of  the  airfoil  12  adjacent  the  leading  edge  18 
corresponding  to  the  region  of  high  heat  flux  in  the 
airfoil  12.  In  this  way  the  high  heat  flux  region  of 
the  airfoil  12  may  be  conventionally  cooled  with  full 
pressure  compressed  air  36. 

By  utilizing  the  inlet  aft  portion  56b  predeter- 
minedly  sized  to  meter  the  compressed  air  second 
portion  36b  into  the  aft  manifold  64  to  decrease  its 
pressure  P2,  a  lower  driving  pressure  is  provided 
therein  which  effects  a  pressure  ratio  between  the 
aft  manifold  64  and  the  impingement  channel  66 
which  is  less  than  the  pressure  ratio  between  the 
forward  manifold  62  and  the  impingement  channel 
66.  Of  course,  the  impingement  holes  58  are  also 
conventionally  sized  to  effect  the  desired  pressure 
ratios.  By  providing  a  greater  pressure  ratio  across 
the  impingement  holes  58  of  the  forward  manifold 
62  as  compared  to  the  pressure  ratio  across  the 
impingement  holes  58  of  the  aft  manifold  64  by 
decreasing  the  aft  manifold  pressure  P2,  more  effi- 
cient  use  of  the  compressed  air  36  is  obtained  for 
suitably  cooling  both  the  high  heat  flux  region  of 
the  airfoil  12  opposite  the  forward  manifold  62  and 
the  low  heat  flux  region  of  the  airfoil  12  opposite 
the  aft  manifold  64  without  excessive  amounts  of 
the  compressed  air  36  or  overcooling  of  the  low 
heat  flux  region.  The  impingement  holes  58  of  the 
forward  manifold  62  are  conventionally  sized  and 
configured  with  a  conventional  density  for  effecting 
an  average  convective  heat  transfer  rate  on  the 
airfoil  inner  surface  40  adjacent  the  leading  edge 
18  which  is  greater  opposite  the  forward  manifold 
62  than  the  heat  transfer  rate  opposite  the  aft 
manifold  64.  Since  the  heat  transfer  rate  is  propor- 
tional  to  the  pressure  ratio  across  the  impingement 
holes  58,  the  lower  pressure  P2  of  the  compressed 
air  second  portion  36b  inside  the  aft  manifold  64 
results  in  a  lower  heat  transfer  rate  which  cor- 
responds  to  the  lower  heat  flux  experienced  by  the 
airfoil  12  opposite  the  aft  manifold  64. 

In  an  exemplary  embodiment  as  shown  in  Fig- 
ure  4,  the  impingement  holes  58  of  the  forward 
manifold  62  have  a  diameter  di  and  are  spaced 
apart  at  a  distance  xi  on  centers,  and  the  impinge- 
ment  holes  58  of  the  aft  manifold  have  a  diameter 
d2  and  a  spacing  X2.  In  one  embodiment,  the 
diameters  di  and  d2  of  the  impingement  holes  58 
may  be  equal.  The  spacing-to-diameter  ratios  xi/di 
and  X2/d2  are  also  conventional  within  a  range  of 
about  2  to  about  16.  And,  the  density  of  the  im- 
pingement  holes  58,  i.e.,  the  number  of  holes  58 
per  unit  area  of  the  baffle  38  may  be  conventionally 
determined  given  the  different  pressures  within  the 
forward  and  aft  manifolds  62  and  64.  Since  less 
heat  flux  is  associated  with  the  aft  manifold  64  than 
that  associated  with  the  forward  manifolds  62,  the 

average  density  of  the  impingement  holes  58  may 
be  preferably  greater  in  the  forward  manifold  62 
than  in  the  aft  manifold  64.  Of  course,  as  is  con- 
ventionally  known,  the  density  of  the  impingement 

5  holes  58  may  also  be  varied  locally  along  the  baffle 
38  as  required  to  tailor  cooling  of  the  airfoil  12  in 
response  to  the  varying  heat  flux  experienced 
therein  during  operation.  However,  by  using  dif- 
ferent  supply  pressures  and  pressure  ratios  in  ac- 

10  cordance  with  the  invention  both  overcooling  and 
hot  and  cold  spot  differences  may  be  decreased  in 
the  low  heat  flux  region. 

More  specifically,  the  bifurcated  baffle  38  of 
the  present  invention  allows  several  possible  im- 

15  provements  over  the  single  cavity  baffle  of  the  prior 
art.  For  example,  relative  to  a  prior  art  baffle  having 
a  reduced  density  of  impingement  holes  in  the 
trailing  edge  region  for  a  single  supply  pressure 
(e.g.  Pi),  the  baffle  38  may  have  an  increased 

20  density  of  the  impingement  holes  58  associated 
with  the  aft  manifold  64  at  a  lower  pressure  P2 
which  increases  the  collective  flow  area  through  the 
impingement  holes  58  which,  therefore,  reduces 
the  intensity  of  the  individual  impingement  jets 

25  therefrom  at  a  closer  spacing  X2  therebetween. 
This  results  in  a  more  uniform  convective  heat 
transfer  from  the  airfoil  inner  surface  40  opposite 
the  aft  manifold  64  without  an  increase  in  total  flow 
through  the  impingement  holes  58  which  would 

30  otherwise  occur  if  the  pressure  P2  in  the  aft  mani- 
fold  64  were  the  same  as  the  pressure  of  the 
supplied  compressor  air  36.  The  more  uniform 
convective  heat  transfer  rate  reduces  the  mag- 
nitude  of  the  hot  and  cold  spots  associated  with  the 

35  impingement  holes  58  while  still  obtaining  a  pre- 
determined  average  temperature  of  the  airfoil  12 
opposite  the  impingement  holes  58. 

Alternatively,  the  density  of  the  impingement 
holes  58  associated  with  the  aft  manifold  64  may 

40  remain  identical  to  that  for  a  conventional  impinge- 
ment  baffle  without  the  septum  60,  but  in  view  of 
the  reduced  pressure  P2  in  the  aft  manifold  64,  a 
reduced  flow  rate  of  the  compressed  air  36  will  be 
channeled  through  the  aft  manifold  64  for  reducing 

45  total  flow  without  overcooling,  which  increases  effi- 
ciency. 

And,  of  course,  the  full  supply  pressure  of  the 
compressed  air  36  may  continue  to  be  supplied  to 
the  forward  manifold  62  for  accommodating  the 

50  relatively  high  heat  flux  associated  therewith  with- 
out  subjecting  the  aft  manifold  64  to  the  same  full 
pressure  compressed  air  36  and  resulting  full  inten- 
sity  impingement  jets  from  the  impingement  holes 
58. 

55  In  view  of  the  improved  performance  of  the  aft 
manifold  64,  which  effectively  cools  the  airfoil  12 
without  overcooling  or  undesirable  hot  and  cold 
spots,  the  airfoil  12  is  preferably  imperforate,  or 
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characterized  by  the  absence  of  film  cooling  holes 
therethrough,  from  adjacent  the  septum  60  to  adja- 
cent  the  baffle  aft  edge  50  as  shown  in  Figure  2.  In 
this  way  the  outer  surface  of  the  airfoil  12  is  not 
film  cooled  from  adjacent  the  septum  60  to  adja- 
cent  the  baffle  aft  edge  50.  In  conventional  prac- 
tice,  the  magnitude  of  the  hot  and  cold  spots 
associated  with  baffle  impingement  holes  down- 
stream  of  the  leading  edge  18  may  be  reduced  by 
alternatively  using  conventional  film  cooling  holes 
through  the  airfoil  12  in  conjunction  with  baffle 
impingement  holes.  By  suitably  positioning  the  film 
cooling  holes  in  the  airfoil  12  generally  opposite  the 
baffle  impingement  holes  in  the  low  heat  flux  re- 
gion,  the  otherwise  increased  magnitude  of  hot  and 
cold  spots  associated  with  the  decreased  number 
of  baffle  impingement  holes  may  be  reduced.  How- 
ever,  the  film  cooling  holes  increase  complexity 
and  costs  of  manufacture,  and,  themselves,  require 
an  additional  amount  of  the  compressed  air  36, 
which  may  be  eliminated  In  accordance  with  one 
feature  of  the  invention  by  providing  the  imper- 
forate  airfoil  12. 

The  airfoil  12  adjacent  the  leading  edge  18  and 
opposite  the  forward  manifold  62  may,  however, 
include  film  cooling  holes  (not  shown)  in  a  conven- 
tional  fashion  for  providing  any  additional  required 
cooling  capability  for  the  high  heat  flux  region 
associated  with  the  leading  edge  18. 

As  described  above,  the  airfoil  12  is  in  the 
exemplary  form  of  a  stator  vane,  with  the  baffle 
inlet  56  being  disposed  at  the  radially  outer  end 
thereof  for  directly  receiving  the  compressed  air  36 
channeled  to  the  plenum  26  as  shown  in  Figure  1. 
Also  in  the  preferred  embodiment,  the  airfoil  12  is  a 
second  stage  stator  vane  which  is  subjected  to  a 
lower  heat  flux  as  compared  to  the  stage-one  noz- 
zle  (not  shown)  disposed  upstream  of  the  stage- 
one  turbine  30.  Since  the  stage-one  nozzle  is  sub- 
jected  to  the  highest  heat  flux  from  the  combustion 
gases  32  discharged  directly  from  the  combustor 
(not  shown)  the  stage-one  nozzle  vanes  typically 
include  film  cooling  apertures  conventionally 
spaced  between  their  leading  and  trailing  edges  in 
addition  to  an  impingement  baffle  therein.  In  such  a 
configuration,  the  baffle  septum  60  would  ordinarily 
not  be  required  or  desirable  since  the  film  cooling 
holes  may  be  conventionally  positioned  relative  to 
he  baffle  impingement  holes  for  reducing  the  hot 
and  cold  spots  discussed  above  without  the  need 
for  the  bifurcated  baffle  38. 

While  there  have  been  described  herein  what 
are  considered  to  be  preferred  embodiments  of  the 
present  invention,  other  modifications  of  the  inven- 
tion  shall  be  apparent  to  those  skilled  in  the  art 
from  the  teachings  herein,  and  it  is,  therefore,  de- 
sired  to  be  secured  in  the  appended  claims  all 
such  modifications  as  fall  within  the  true  spirit  and 

scope  of  the  invention. 
For  example,  although  the  impingement  baffle 

38  disclosed  above  includes  two  manifolds,  three 
or  more  manifolds,  each  having  a  different  supply 

5  pressure  therein  may  also  be  used  as  required. 
The  manifolds  within  the  baffle  38  may  be  axially 
spaced  apart  as  described  above,  or  could,  alter- 
natively,  be  radially  spaced  apart,  or  combinations 
thereof. 

io  Furthermore,  the  impingement  baffle  38  may 
be  conventionally  manufactured  by  casting,  forging, 
or  brazed  sheet  metal.  The  baffle  sides  44  and  46 
and  the  septum  60  could  be  a  single,  unitary 
member,  or  may  be  two  members  with  the  septum 

is  60  having  a  generally  U-shaped  transverse  section 
conventionally  brazed  to  the  baffle  sides  44  and  46 
as  shown  in  Figure  2. 

Yet  further,  the  inlet  56  including  the  portions 
56a,  56b  may  take  other  forms  to  provide  substan- 

20  tially  unobstructed  flow  without  appreciable  pres- 
sure  drop  into  the  forward  manifold  62,  and  par- 
tially  obstructed  flow  to  provide  a  predetermined 
pressure  drop  into  the  aft  manifold  64  so  that  the 
pressure  ratio  across  the  impingement  holes  58  of 

25  the  low  heat  flux  region  aft  manifold  64  is  less  than 
that  across  those  of  the  high  heat  flux  region  for- 
ward  manifold  62. 

Claims 
30 

1.  An  apparatus  comprising: 
a  hollow  baffle  having  first  and  second 

sides  joined  together  at  a  forward  edge  and  at 
an  aft  edge,  a  top,  and  a  bottom; 

35  a  septum  extending  between  said  baffle 
bottom  and  top  and  spaced  between  said  for- 
ward  and  aft  edges  to  define  a  forward  mani- 
fold  extending  from  said  septum  to  said  for- 
ward  edge,  and  an  aft  manifold  extending  from 

40  said  septum  to  said  aft  edge; 
an  inlet  disposed  at  said  top  for  channeling 

compressed  air  into  said  baffle,  said  inlet  in- 
cluding  a  forward  portion  disposed  in  flow 
communication  with  said  forward  manifold  for 

45  channeling  a  first  portion  of  said  compressed 
air  directly  into  said  forward  manifold,  and  an 
aft  portion  disposed  in  flow  communication 
with  said  aft  manifold  for  channeling  a  second 
portion  of  said  compressed  air  directly  into 

50  said  aft  manifold,  said  inlet  aft  portion  being 
sized  for  providing  a  predetermined  pressure 
drop  in  said  compressed  air  second  portion  so 
that  said  compressed  air  second  portion  inside 
said  aft  manifold  is  at  a  pressure  less  than  that 

55  of  said  compressed  air  first  portion  inside  said 
forward  manifold;  and 

said  baffle  first  and  second  sides  include 
impingement  holes  for  discharging  said  com- 
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pressed  air  from  said  forward  and  aft  man- 
ifolds. 

2.  An  apparatus  according  to  claim  1  wherein 
said  inlet  aft  portion  is  disposed  in  said  septum  5 
adjacent  said  baffle  top. 

3.  An  apparatus  according  to  claim  2  wherein 
said  inlet  aft  portion  includes  a  plurality  of 
apertures  for  collectively  channeling  said  com-  10 
pressed  air  second  portion  into  said  aft  mani- 
fold. 

4.  An  apparatus  according  to  claim  3  further  in- 
cluding:  75 

an  airfoil  surrounding  said  baffle  and 
spaced  therefrom  to  define  an  impingement 
channel  therebetween,  said  airfoil  having  an 
inner  surface  facing  said  baffle  impingement 
holes  for  being  impingement  cooled  by  said  20 
compressed  air  first  and  second  portions,  and 
an  outer  surface  facing  away  from  said  im- 
pingement  holes;  and 

said  inlet  aft  portion  being  sized  for  provid- 
ing  a  pressure  ratio  between  said  aft  manifold  25 
and  said  impingement  channel  which  is  less 
than  a  pressure  ratio  between  said  forward 
manifold  and  said  impingement  channel. 

5.  An  apparatus  according  to  claim  4  wherein  30 
said  airfoil  includes  concave  and  convex  sides 
being  imperforate  from  adjacent  said  baffle 
septum  to  adjacent  said  baffle  aft  edge. 

6.  An  apparatus  according  to  claim  5  wherein  35 
said  airfoil  includes  only  one  of  said  baffles, 
and  said  baffle  forward  manifold  is  disposed 
adjacent  to  a  leading  edge  of  said  airfoil,  and 
said  baffle  aft  manifold  is  disposed  in  a  mid- 
chord  region  of  said  airfoil.  40 

7.  An  apparatus  according  to  claim  6  wherein 
said  airfoil  is  subject  to  a  heat  flux  being 
greater  adjacent  saw  leading  edge  than  adja- 
cent  said  mid-chord  region,  and  said  baffle  45 
impingement  holes  are  sized  and  configured 
for  effecting  a  heat  transfer  rate  on  said  airfoil 
inner  surface  being  greater  opposite  said  for- 
ward  manifold  than  opposite  said  aft  manifold. 

An  apparatus  according  to  claim  6  wherein 
said  baffle  impingement  holes  have  an  average 
density  being  greater  in  said  forward  manifold 
than  in  said  aft  manifold. 

An  apparatus  according  to  claim  6  wherein 
said  airfoil  is  a  stator  vane. 

50 

55 
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