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Description 

Background  of  the  invention 

The  present  invention  relates  to  gas  turbine  engines 
and,  more  particularly,  to  apparatus  for  cooling  a  transi- 
tion  duct  employed  to  conduct  hot  gasses  from  a  com- 
bustor  to  a  turbine  stage  of  an  advanced  heavy  duty  gas 
turbine  engine. 

A  large  heavy  duty  gas  turbine  engine  convention- 
ally  employs  a  plurality  of  cylindrical  combustor  stages 
operated  in  parallel  to  produce  hot  energetic  gas  for  in- 
troduction  into  the  first  turbine  stage  of  the  engine.  The 
first  turbine  stage  preferably  receives  the  hot  gas  in  the 
shape  of  an  annulus.  A  transition  duct  is  disposed  be- 
tween  each  of  the  combustor  stages  and  the  first  turbine 
stage  to  change  the  gas  flow  field  exiting  each  combus- 
tor  from  a  generally  cylindrical  shape  to  one  which  forms 
part  of  an  annulus.  The  gas  flow  from  all  of  the  transition 
ducts  thus  produces  the  desired  annular  flow. 

As  is  well  known,  the  thermodynamic  efficiency  of 
which  a  heat  engine  is  capable  depends  on  the  maxi- 
mum  temperature  of  its  working  fluid  which,  in  the  case 
of  a  gas  turbine,  is  the  hot  gas  exiting  the  combustor 
stages.  The  maximum  feasible  temperature  of  the  hot 
gas  is  limited  by  the  operating  temperature  limit  of  the 
metal  parts  in  contact  with  this  hot  gas,  and  on  the  ability 
to  cool  these  parts  below  the  hot  gas  temperature.  The 
task  of  cooling  the  transition  duct  of  an  advanced  heavy 
duty  gas  turbine  engine,  which  is  the  one  addressed  by 
the  present  invention,  is  difficult  because  currently 
known  cooling  methods  are  either  inadequate,  or  carry 
unacceptable  penalties. 

I  n  a  conventional  heavy  duty  gas  turbine  engine,  the 
entire  external  surface  of  the  transition  duct  is  exposed 
to  relatively  cool  air  discharged  from  the  compressor, 
which  supplies  the  total  air  flow  for  the  gas  turbine.  The 
flow  of  air  over  the  exterior  of  the  transition  duct  to  the 
combustor  causes  passive  cooling.  Some  portions  of 
the  exterior  of  the  transition  duct  are  relatively  well 
cooled  by  passive  cooling,  but  others  are  poorly  cooled 
thereby.  Additionally,  the  portions  of  the  exterior  of  the 
transition  duct  that  are  most  poorly  cooled  are  generally 
in  structurally  weaker  areas,  which  are  also  areas  most 
highly  heated  by  the  hot  gas  therewithin.  To  avoid  failure 
resulting  from  excessive  metal  temperatures,  the  max- 
imum  combustor  exit  temperature  must  be  limited  by  the 
maximum  allowed  metal  temperature  of  the  most  pooly 
cooled  areas  of  the  transition  duct.  As  heavy  duty  gas 
turbine  combustor  exit  temperatures  have  been  raised 
to  promote  increased  thermal  efficiency,  various  means 
to  cool  actively  the  relatively  hot  areas  of  the  transitional 
duct  have  been  employed.  In  an  advanced  heavy  duty 
gas  turbine,  for  which  the  combustor  exit  temperature  is 
to  be  significantly  higherthan  the  approximately  2000 
degrees  usual  heavy  duty  gas  turbines,  the  entire  sur- 
face  of  the  transition  duct  must  be  actively  cooled,  so 
that  metal  temperatures  are  kept  to  an  acceptable  level. 

Known  methods  for  cooling  the  walls  of  combustors 
permit  air  discharged  by  the  compressorto  pass  through 
the  combustor  wall,  and  then  direct  it  along  the  inside 
surface  thereof,  as  a  film  to  protect  it  from  direct  contact 

5  with  the  hot  gas.  This  arrangement  permits  the  combus- 
tor  wall  to  operate  significantly  below  the  temperature 
of  the  hot  gas.  This  film  cooling  method  has  been  used 
for  limited  areas  of  the  transition  duct,  especially  those 
poorly  cooled  areas  described  above.  However,  the  use 

10  of  such  film  cooling  is  limited  by  the  amount  of  air  avail- 
able  exclusively  for  cooling  the  combustor  and  transition 
duct  walls.  This  amount  is  typically  less  than  thirty  per- 
cent  of  the  total  air  flow  available  to  the  combustor.  For 
an  advanced  heavy  duty  gas  turbine  engine,  virtually  all 

is  of  the  air  available  for  film  cooling  is  required  for  cooling 
the  combustor  walls,  and  very  little  is  available  for  cool- 
ing  the  transition  duct  walls.  This  limited  availability  of 
cooling  air  flow  comes  about  because  approximately 
half  of  the  total  combustor  airflow  is  required  for  com- 

20  plete  combustion  of  the  fuel  and  another  quarter  of  the 
air  flow  is  required  for  dilution  and  shaping  of  the  hot 
gas  profile  exiting  the  combustor  as  required  by  the  first 
turbine  stage  for  acceptable  efficiency  and  component 
life.  These  proportions  can  be  altered  slightly,  depend- 

25  ing  on  the  particular  design  choices  in  a  gas  turbine  en- 
gine,  but  a  variety  of  practical  obstacles  block  any  large 
departure  from  them. 

Another  cooling  technique  which  has  found  use  in 
cooling  the  exterior  of  the  transition  duct  employs  an  im- 

30  pingement  plate,  baffle  or  sleeve  disposed  a  short  dis- 
tance  away  from  the  transition  duct  outer  surface.  The 
impingement  sleeve  contains  an  array  of  holes  through 
which  compressor  discharge  air  passes  to  generate  an 
array  of  air  jets  which  impinge  on  and  cool  the  outer  sur- 

35  face  of  the  transition  duct. 
U.S.  Patent  No.  3,652,181  discloses  such  an  im- 

pingement  cooled  transition  duct  in  which  the  impinge- 
ment  sleeve  surrounds  only  a  portion  of  the  transition 
duct.  After  impacting  the  surface  to  be  cooled,  the  spent 

40  impingement  air  flows  in  the  space  of  constant  width  be- 
tween  the  transition  duct  outer  surface  and  the  impinge- 
ment  sleeve,  toward  holes  in  the  transition  duct.  The  air 
passing  through  these  holes  of  equal  size  mixes  with, 
and  reduces  the  hot  gas  temperature  just  ahead  of,  the 

45  root  area  of  the  turbine  blades  and  thus  helps  reduce 
the  metal  temperature  of  this  portion  of  the  turbine 
blades.  Depending  upon  the  heat  transfer  rate  from  the 
hot  gas  and  the  maximum  allowed  metal  temperature, 
this  method  can  use  less  cooling  air  than  film  cooling  to 

so  maintain  acceptable  metal  temperatures,  and  can  be 
used  in  combination  with  film  cooling  to  further  reduce 
metal  temperature.  However,  even  the  combination  of 
impingement  and  film  cooling  for  a  transition  duct  would 
require  more  cooling  airthan  is  available  in  an  advanced 

55  heavy  duty  gas  turbine. 
Further  disclosure  of  impingement  cooling  of  a  gas 

turbine  combustion  component  is  found  in  U.S.  Patent 
No.  4,339,925  showing  the  features  of  the  precharac- 
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terizing  portion  of  claim  1  .  Although  it  is  directed  toward 
cooling  a  type  of  gas  turbine  combustion  component 
which  is  completely  different  from  that  towards  which  the 
present  invention  is  directed,  this  patent  discloses  typi- 
cal  elements  of  an  impingement  cooling  system.  There 
is  disclosed  therein  a  shell  which  has  an  array  of  holes 
through  which  cooling  air  passes  to  impinge  on  a  hot 
gas  casing  towards  the  combustor.  An  embodiment  is 
illustrated  and  described  in  which  the  impingement  air 
flows  along  the  hot  gas  casing  eventually  to  enter  the 
combustion  process.  A  restrictor  is  disclosed  for  aiding 
the  ejection  of  air  from  the  space  between  the  hot  gas 
casing  and  the  perforated  shell.  This  patent  recognizes 
that  the  number  of  inlet  openings,  as  well  as  the  spacing 
of  the  shell  from  the  hot  gas  casing,  represent  variables 
which  can  be  employed  to  produce  the  cooling  effects 
required  by  the  situation  and  should  be  appropriately  ad- 
justed. 

It  can  be  seen  from  the  prior  art,  as  disclosed  in  U. 
S.  Patent  Nos.  3,652,181  and  4,339,925,  that  impinge- 
ment  cooling  of  a  combustion  component  can  either 
consume  a  portion  of  the  air  flow  allocated  to  the  com- 
bustion  process,  or  be  performed  in  series  with  the  com- 
bustor  such  that  the  air  used  to  cool  a  combustion  com- 
ponent  is  subsequently  used  in  the  combustion  process. 
It  is  the  series  mode  of  cooling  a  transition  duct  which 
is  addressed  by  the  present  invention. 

For  reasons  which  are  well  known  by  those  skilled 
in  the  art  of  gas  turbine  design,  there  is  a  pressure  drop 
or  loss  associated  with  forcing  the  compressor  dis- 
charge  air  through  openings  in  the  combustor  wall,  to 
mix  and  burn  with  the  fuel.  This  same  pressure  drop  pro- 
motes  the  film  cooling  of  the  combustor  and  the  dilution 
air  jets  which,  in  turn,  shapes  the  temperature  pattern 
of  the  air  exiting  the  early  portion  of  the  combustor.  Typ- 
ically,  this  pressure  drop  falls  between  two  and  four  per- 
cent  of  the  compressor  discharge  pressure  and,  for  rea- 
sons  of  thermal  efficiency,  is  kept  as  low  as  possible.  If 
the  pressure  drop  is  too  how  poor  mixing  of  the  fuel  and 
air,  and  resultant  poor  combustion,  will  result.  If  the  pres- 
sure  drop  is  too  high,  the  gas  turbine  thermodynamic 
efficiency  will  be  reduced. 

In  order  to  achieve  impingement  cooling,  a  pressure 
drop  is  required  across  the  impingement  sleeve  or  baf- 
fle,  thereby  forcing  the  cooling  air  through  the  holes  at 
a  sufficiently  high  velocity  to  achieve  the  required  heat 
transfer  rate.  Generally,  higher  cooling  rates  are 
achieved  by  a  higher  pressure  drop.  Thus,  it  can  be  seen 
that  employing  impingement  cooling  of  a  transition  duct 
in  a  series  air-flow  arrangement,  will  create  an  additional 
pressure  drop  to  the  combustion  system  which,  if  not 
kept  to  the  lowest  possible  level,  could  cause  a  reduc- 
tion  in  thermal  efficiency  greater  than  the  increase  ob- 
tained  by  raising  the  combustor  exit  temperature. 

The  pressure  drop  of  an  impingement  cooling  sys- 
tem  essentially  is  generated  by  two  components.  First, 
there  is  a  pressure  drop  needed  to  accelerate  the  air 
through  the  impingement  sleeve  holes  to  create  the  jets 

which  impinge  on  the  surface  to  be  cooled.  The  second 
is  more  subtle,  and  is  largely  ignored  in  other  known  im- 
pingement  cooling  applications. 

If  the  spent  impingement  air  is  to  be  used  in  the 
5  combustor,  it  must  be  collected  and  brought  to  the  com- 

bustor.  The  collection  naturally  takes  place  between  the 
impingement  sleeve  and  the  external  surface  of  the  tran- 
sition  ducts,  and  it  will  be  seen  that,  as  one  moves  to- 
wards  the  combustor,  the  air  flow  velocity  must  steadily 

10  increase  as  more  air  is  collected.  The  second  compo- 
nent  of  pressure  drop  occurs  due  to  the  requirement  to 
reaccelerate  each  additional  quantity  of  spent  impinge- 
ment  air  to  the  velocity  of  that  air  already  moving  to- 
wards  the  combustor. 

is  The  local  magnitude  of  the  heat  transfer  in  an  im- 
pingement  cooling  system  is  determined  by  a  number 
of  variables.  In  particular,  these  variables  include  the 
cooling  air  properties,  the  local  distance  between  the  im- 
pingement  sleeve  and  the  transition  duct  surface,  the 

20  hole  size,  spacing  and  array  pattern,  the  impingement 
air  jet  velocity,  and  the  velocity  of  air  flowing  perpendic- 
ular  to  the  air  jet  such  as,  for  example,  air  resulting  from 
the  collection  of  spent  impingement  air. 

It  can  be  seen  that  the  number  of  variables  which 
25  affect  both  the  magnitude  of  heat  transfer  and  the  pres- 

sure  drop  of  the  overall  impingement  cooling  system  is 
large. 

An  air  jet  formed  by  an  opening  in  an  impingement 
plate  must  traverse  the  space  separating  the  impinge- 

so  ment  plate  from  the  surface  to  be  cooled,  and  must  im- 
pact  the  surface  to  be  cooled  with  sufficient  velocity  and 
in  sufficient  volume  to  effect  the  desired  cooling.  The 
analysis  of  such  jet  impingement  is  relatively  simple 
when  only  a  single  jet  is  involved.  However,  when  an 

35  array  of  jets  is  used,  the  impingement  air  flowing  away 
after  impingement  from  one  jet,  captured  between  the 
surface  being  cooled  and  the  impingement  plate,  tends 
to  produce  a  crossflow  of  air  which  interferes  with  the 
cooling  action  of  other  jets,  particularly  those  down- 

40  stream  in  the  direction  along  which  the  impingement  air 
must  flow  to  exit  the  constraining  space.  That  is,  a  cross- 
flow  of  air  passing  through  the  space  between  an  aper- 
ture  and  the  surface  to  be  cooled  may  prevent  the  ap- 
erture-produced  air  jet  from  reaching  the  surface  to  be 

45  cooled,  or  may  reduce  the  effectiveness  of  any  portion 
of  the  air  jet  which  may  reach  the  surface  to  be  cooled. 
The  actual  cooling  effects  of  an  array  of  jets  is  difficult 
to  predict,  and  so  may  only  be  derived  empirically. 

The  greater  the  velocity  of  the  crossflow,  the  more 
so  the  crossflow  interferes  with  the  effectiveness  of  the  air 

jets.  In  the  case  of  an  impingement  cooled  transition 
duct  in  which  all  of  the  impingement  air  must  flow  out- 
wardly  from  between  the  transition  duct  and  the  im- 
pingement  plate,  the  amount  of  crossflowing  air  and  its 

55  velocity  increases  systematically  as  it  moves  toward  the 
exit.  The  increased  velocity  may  partially  or  completely 
destroy  the  effectiveness  of  impingement  jets  located 
downstream  thereof.  It  may  be  for  this  reason  that  a 
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number  of  prior  art  devices  employing  impingement 
cooling  of  a  transition  duct  (or  a  hot  gas  casing)  provide 
for  injecting  the  used  impingement  air  into  the  interior  of 
the  transition  duct,  for  example,  for  profiling  the  hot  com- 
bustion  gases  entering  the  turbine,  as  proposed  in  US 
Patent  No.  3,652,181.  As  discussed  this  inefficient  use 
of  available  cooling  air  is  unacceptable  for  an  advanced 
heavy  duty  gas  turbine  design. 

The  object  underlying  the  invention  is  to  provide  an 
improved  impingement  cooled  transition  duct  which 
overcomes  the  above  drawbacks  of  the  prior  art  and,  in 
other  words,  ensures  an  efficient  use  of  the  cooling  air 
and  an  increased  thermal  efficiency  for  an  advanced 
heavy  gas  turbine  engine.  The  present  invention  is  as 
claimed  in  claim  1  . 

The  inventional  solution  permits  tailoring  the  cool- 
ing  distribution  according  to  the  transition  duct  design 
requirements  with  regard  to  the  interplay  of  the  variables 
which  affect  the  heat  transfer  and  the  pressure  drop 
such  than  an  efficient  cooling  of  the  entire  transition  duct 
is  achieved. 

By  making  the  distance  between  apertures  larger 
near  the  combustor  end  than  at  the  turbine  end  an  in- 
creased  mass  flow  is  achieved  without  an  increase  in 
pressure  drop  across  the  impingement  sleeve.  This 
measure-  permits  a  subsequent  use  of  the  cooling  air  in 
the  combustion  process  without  reduction  of  thermal  ef- 
ficiency. 

Furthermore  the  spacing  between  the  impingement 
sleeve  and  the  transition  duct  is  systematically  in- 
creased  in  the  downstream  direction  of  the  crossflow  of 
the  impingement  air  in  order  to  reduce  the  crossflow  air 
velocity  and  thereby  reduce  the  pressure  drop  of  the  im- 
pingement  cooling  sleeve. 

The  aperture  size  and  spacing  in  an  impingement 
cooling  sleeve  and  the  spacing  between  the  impinge- 
ment  sleeve  and  the  transition  duct  surface  are  all  sys- 
tematically  varied  to  minimize  the  pressure  drop  re- 
quired  for  the  impingement  cooling,  thereby  maximizing 
the  thermal  efficiency  of  the  gas  turbine  engine. 

A  further  advantageous  effect  is  achieved  when 
openings  or  apertures  in  some  portions  of  the  impinge- 
ment  sleeve  are  larger  than  openings  in  other  portions 
thereof  thereby  providing  jets  of  higher  massflow  which 
may  penetrate  across  larger  gaps  between  the  transi- 
tion  duct  and  the  impingement  sleeve,  and  through 
greater  crossflow  or  air.  The  spacing  between  these 
larger  holes  is  preferably  varied  relative  to  the  spacing 
of  the  smaller  holes,  to  establish  a  desired  impingement 
cooling  intensity  as  required  by  the  transition  duct  de- 
sign. 

Briefly  stated,  the  present  invention  provides  im- 
pingement  cooling  for  a  transition  duct  in  an  advanced 
heavy  duty  gas  turbine  engine.  The  transition  duct  is 
cooled  by  impingement  jets  formed  by  apertures  in  a 
sleeve  spaced  a  distance  from  the  surface  to  be  cooled. 
The  sleeve  is  configured  so  as  to  duct  spent  impinge- 
ment  air  towards  the  combustor,  where  it  can  be  subse- 

quently  used  for  mixing  with,  and  combustion  of,  the  fu- 
el,  or  for  cooling  of  the  combustor.  The  distance  between 
the  impingement  sleeve  and  the  transition  duct  surface 
is  varied  to  control  the  velocity  of  air  crossflow  from 

5  spent  impingement  air  in  orderto  minimize  the  pressure 
loss  due  to  crossflow.  The  distance  between  the  im- 
pingement  sleeve  and  the  transition  duct  increases  sys- 
tematically  towards  the  combustor  as  the  quantity  of 
spent  impingement  air  increases  to  a  maximum  value 

10  at  the  intersection  of  the  combustor  and  the  transition 
duct.  The  cross  sectional  areas  of  the  apertures  are  var- 
ied  to  project  impingement  jets  over  the  various  distanc- 
es  and  crossflow  velocities.  Generally,  larger  aperture 
areas  are  used  with  larger  distances.  The  combination 

is  of  variations  in  distance,  aperture  size,  and  inter-aper- 
ture  spacing  is  utilized  to  vary  the  impingement  cooling 
intensity  to  compensate  for  the  variable  internal  heat 
load  and  also  to  produce  the  desired  temperature  dis- 
tribution  over  the  surface  of  the  transition  duct  according 

20  to  design  requirements.  The  aforementioned  variations 
are  optimized  to  minimize  the  air  flow  pressure  drop 
ahead  of  the  combustion  system  while  achieving  the  re- 
quired  cooling  intensity  according  to  design  require- 
ments. 

25  A  further  development  is  characterized  by  a  flow 
sleeve  surrounding  the  combustor,  and  a  flared  entry 
portion  at  an  end  of  the  flow  sleeve  overlapping  the  exit 
and  forming  an  aerodynamic  converging  shape  there- 
between,  a  flow  of  air  through  the  aerodynamic  converg- 

30  ing  shape  flowing  toward  the  combustor  being  effective 
to  reduce  a  pressure  at  the  exit  below  a  pressure  in  the 
plenum  whereby  a  pressure  drop  across  the  impinge- 
ment  sleeve  produces  an  impingement  jet  of  air  from 
each  of  the  apertures  directed  toward  the  transition  duct 

35  and  at  least  one  of  the  distance,  the  area  and  the  spac- 
ing  being  varied  over  the  impingement  sleeve  to  control 
a  cooling  in  the  surface. 

According  to  another  development  of  the  invention, 
there  is  provided  an  aft  support  having  a  continuous  wall 

40  affixed  to  a  transition  duct.  An  impingement  insert  is  in- 
serted  within  the  wall  having  a  planar  bottom  spaced  a 
distance  from  the  enclosed  surface.  Furthermore,  there 
is  provided  a  plurality  of  apertures  in  the  planar  bottom, 
the  apertures  having  an  area,  the  apertures  being 

45  spaced  apart  by  a  spacing,  the  enclosed  surface  pref- 
erably  including  at  least  one  film  cooling  aperture 
through  the  transition  duct  for  exhausting  spent  im- 
pingement  cooling  air  from  between  the  impingement 
insert  and  the  enclosed  surface  and  the  area  and  the 

so  spacing  of  the  apertures  being  varied  over  the  planar 
bottom  in  accordance  with  the  distance  between  the  pla- 
nar  bottom  and  the  surface  of  the  transition  duct  to  tailor 
a  cooling  in  the  surface. 

The  advantages  of  the  present  invention  will  be- 
55  come  apparent  from  the  following  description  read  in 

conjunction  with  the  accompanying  drawings,  in  which 
like  reference  numerals  designate  the  same  elements. 

4 
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Brief  description  of  the  drawings 

Fig.  1  is  a  simplified  view,  partially  in  cross  section, 
of  a  combustor  and  a  transition  duct  employing  cooling 
according  to  the  prior  art. 

Fig.  2  is  a  cross  section  of  a  plate  to  be  cooled  and 
an  impingement  plate  to  which  reference  will  be  made 
in  describing  the  effect  of  air  crossflow  on  the  perform- 
ance  of  impingement  jets. 

Fig.  3A  is  a  simplified  view,  partially  in  cross  section, 
of  a  combustor  and  a  transition  duct  employing  impinge- 
ment  cooling  according  to  an  embodiment  of  the  inven- 
tion. 

Fig.  3B  is  a  simplified  view,  partially  in  cross  section, 
of  a  combustor  and  a  transition  duct  employing  impinge- 
ment  cooling  according  to  another  embodiment  of  the 
invention. 

Fig.  4  is  an  enlarged  view  of  an  exit  portion  of  the 
flow  volume  of  Fig.  3. 

Fig.  5  is  a  cross  section  taken  along  V-V  of  Fig.  3. 
Fig.  6  is  a  cross  section  taken  along  VI-VI  of  Fig.  5. 
Fig.  7  is  a  cross  section  taken  along  VI  I  -VI  I  in  Fig.  6. 

Detailed  description  of  the  preferred  embodiment 

Referring  first  to  Fig.  1  ,  there  is  shown,  generally  at 
10,  a  portion  of  a  gas  turbine  engine  according  to  the 
prior  art.  Gas  turbine  engine  10  includes  a  plurality  of 
combustors  12,  only  one  of  which  is  shown,  uniformly 
disposed  with  respect  to  a  longitudinal  axis  thereof.  In 
one  type  of  gas  turbine  engine  10,  ten  combustors  12 
are  employed.  Fuel  and  primary  combustion  air  are  in- 
jected  into  combustor  12  through  a  fuel  nozzle  14.  The 
fuel  and  air,  ignited  by  a  spark  plug  1  6,  burn  within  com- 
bustor  12.  The  hot  products  of  combustion  and  heated 
excess  air  pass  through  a  transition  duct  1  8  to  the  inlet 
end  of  a  turbine  stage  20. 

Combustor  12  and  transition  duct  18  are  contained 
within  a  plenum  22  to  which,  a  supply  of  compressed  air 
is  fed  from  a  compressor  outlet  24  of  gas  turbine  engine 
10.  Compressed  air  from  compressor  outlet  24  flows 
along  the  surface  of  combustor  12  where  it  is  admitted 
to  the  interior  of  combustor  1  2  through  conventional  ap- 
ertures  (not  shown)  in  the  surface  thereof.  The  air  thus 
admitted  to  the  interior  of  combustor  12  enters  into  the 
combustion  reaction  downstream  of  fuel  nozzle  14  or 
may  be  directed  as  a  cooling  film  along  the  inner  surface 
of  combustor  1  2.  Some  compressed  air  may  also  be  em- 
ployed  for  diluting  the  hot  gas  to  control  and  profile  the 
temperature  of  the  effluent  of  combustor  12.  A  flow 
sleeve  26  may  be  provided  surrounding  combustor  12 
for  improving  the  flow  of  air  along  the  walls  thereof. 

The  outside  surface  of  transition  duct  18  is  convec- 
tively  cooled  by  compressed  air  flowing  from  the  com- 
pressor  outlet  24  toward  combustor  1  2.  A  radially  inner 
surface  28  of  transition  duct  1  8  is  disposed  in  the  direct 
flow  of  compressed  air  as  it  changes  direction  after  ex- 
iting  compressor  outlet  24.  In  particular,  a  portion  30  of 

radially  inner  surface  28  nearer  a  combustor  end  32  of 
transition  duct  1  8  is  more  than  adequately  cooled.  A  por- 
tion  34  of  radially  inner  surface  28  nearer  a  turbine  end 
36  is  cooled  less  strongly.  In  contrast,  a  radially  outer 

5  surface  38  of  transition  duct  1  8  is  protected  from  the  di- 
rect  flow  of  compressed  air  from  compressor  outlet  24. 

A  portion  40  of  radially  outer  surface  38  nearer  com- 
bustor  end  32  is  cooled  by  compressed  air  flowing  about 
the  circumference  of  transition  duct  18  on  its  way  to 

10  combustor  12.  Such  cooling  is  substantially  less  effec- 
tive  than  that  experienced  by  radially  inner  surface  28. 
A  portion  42  of  radially  outer  surface  38  nearer  turbine 
end  36  is  most  poorly  cooled  since  very  little  com- 
pressed  air  circulates  therepast.  Thus,  the  cooling  ef- 

15  fectiveness  on  transition  duct  1  8  tends  to  decrease  from 
combustor  end  32  to  turbine  end  36.  The  cooling  prob- 
lem  on  portion  42  is  additionally  complicated  by  the  fact 
that  the  hot  gas  flowing  within  transition  duct  18  is 
strongly  turned  in  this  region.  Thus,  highly  effective  con- 

20  vective  heat  transfer  from  the  hot  gas  operates  on  por- 
tion  42.  As  a  consequence,  portion  42  becomes  the  hot- 
test  part  of  transition  duct  18  and  provides  the  effective 
limit  on  the  temperature  of  the  hot  gas  which  can  be  ad- 
mitted  thereto  from  combustor  1  2.  In  addition  to  limiting 

25  the  maximum  gas  temperature,  the  resulting  unequal 
temperatures  on  transition  duct  18  may  set  up  trouble- 
some  thermal  expansion  patterns  and  possibly  cause 
premature  failure  of  transition  duct  18. 

If  a  temperature  variation  is  acceptable  on  transition 
30  duct  18,  the  above  temperature  pattern  is  the  exact  op- 

posite  of  the  desired  pattern.  That  is,  portions  34  and  42 
near  turbine  end  36  of  transition  duct  18  are  less  robust 
than  are  portions  30  and  40  near  the  combustor  end  32, 
and  are  thus  less  capable  of  withstanding  higher  tem- 

35  peratures.  At  least  part  of  this  reduction  in  robustness 
ensues  from  the  connection  of  an  aft  support  44  to  por- 
tion  42.  In  the  ideal,  the  temperatures  of  portions  30  and 
40  should  be  approximately  equal  and  may  be  permitted 
to  rise  substantially  higher  than  the  temperatures  of  por- 

40  tions  34  and  42.  The  temperatures  of  portions  34  and 
42  should  be  approximately  equal. 

Before  turning  to  the  impingement  cooling  tech- 
nique  according  to  the  invention,  a  brief  discussion  fol- 
lows  for  aiding  an  understanding  of  the  disclosure. 

45  Referring  now  to  Fig.  2,  there  is  shown  a  plate  46 
whose  surface  is  to  be  cooled  by  impingement  cooling. 
An  impingement  plate  48,  spaced  from  the  surface  of 
plate  46,  is  pierced  by  a  plurality  of  holes  50,  52  and  54. 
A  closed  end  56  bridges  plate  46  and  impingement  plate 

so  48  forms  a  chamber  58.  An  exit  60  in  chamber  58  pro- 
vides  the  only  opening  through  which  all  air  injected 
through  holes  50,  52  and  54  must  exit. 

It  will  be  recognized  that  a  pressure  drop  across  im- 
pingement  plate  48  is  effective  to  produce  air  jets  flowing 

55  through  holes  50,  52  and  54.  Hole  50,  being  closest  to 
closed  end  56,  forms  an  impingement  jet  which  imping- 
es  on  plate  46.  After  impinging  on  plate  46,  the  air  from 
hole  50  must  flow  toward  exit  60  as  indicated  by  an  air 

5 
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flow  arrow  62.  Air  in  the  impingement  jet  formed  by  hole 
52,  whose  flow  is  indicated  by  an  air  flow  arrow  64,  must 
penetrate  the  crossflow  created  by  the  air  injected  by 
hole  50.  Assuming  that  the  volumes  of  air  injected  into 
chamber  58  by  holes  50  and  52  are  equal,  then  the  vol- 
ume  of  air  formed  in  the  combined  air  flows  from  holes 
50  and  52  is  twice  the  volume  from  hole  50  alone.  As  a 
consequence,  the  combined  air  flow  downstream  of 
hole  52  has  twice  the  volume  and  twice  the  velocity  of 
the  crossflow  air  in  air  flow  arrow  62  arriving  at  hole  52. 
This  combined  volume  forms  the  crossflow  through 
which  hole  54  must  project  its  jet  upon  plate  46.  The 
total  air  passing  downstream  of  hole  54  has  thrice  the 
velocity  of  that  upstream  of  hole  52.  As  the  crossflow 
velocity  increases  with  increasing  downstream  dis- 
tance,  the  ability  of  the  impingement  jets  to  reach,  and 
adequately  cool,  the  surface  of  plate  46  decreases.  The 
embodiment  of  the  invention  shown  in  Fig.  3A,  to  which 
reference  is  now  made,  permits  tailoring  the  cooling  to 
produce  a  desired  temperature  pattern  on  transition 
duct  18.  An  impingement  sleeve  66  surrounding,  and 
spaced  from,  transition  duct  18  forms  a  flow  volume  68 
therebetween  which  is  substantially  sealed  at  turbine 
end  36  and  is  open  at  combustor  end  32  thereof.  Im- 
pingement  sleeve  66  is  pierced  by  a  plurality  of  aper- 
tures  70  for  training  a  plurality  of  impingement  jets  which 
impinge  upon  transition  duct  18.  As  explained  in  the 
foregoing,  since  the  spent  impingement  air  must  all  flow 
toward  an  exit  72  at  combustor  end  32,  its  massflow 
must  increase  systematically  toward  exit  72. 

It  is  important  to  limit  the  overall  pressure  drop 
across  the  impingement  sleeve,  or  the  difference  be- 
tween  the  pressure  in  plenum  22  (the  compressor  dis- 
charge  pressure)  and  that  at  exit  72  of  flow  volume  68. 
For  example,  it  may  be  desirable  to  limit  this  pressure 
drop  to  less  than  two  percent  of  the  compressor  dis- 
charge  pressure.  As  explained  in  the  foregoing,  the 
overall  pressure  drop  through  impingement  sleeve  66 
results  from  the  accumulation  of  the  pressure  drop 
across  apertures  70  and  the  pressure  required  to  accel- 
erate  the  spent  impingement  air  up  to  the  crossflow  ve- 
locity  in  flow  volume  68. 

As  is  well  known,  the  velocity  of  a  gas  flowing  in  an 
enclosed  channel,  varies  inversely  as  the  cross-section- 
al  area  of  the  channel.  It  will  be  noted  that  the  height  of 
flow  volume  68  increases  from  turbine  end  36  to  com- 
bustor  end  32.  This  tends  to  reduce  the  air  flow  velocity 
near  exit  72  compared  to  the  velocity  the  air  would  attain 
if  the  smaller  height  of  flow  volume  68  were  continued 
throughout  its  length.  This  permits  taking  advantage  of 
a  small  height  of  flow  volume  68  near  turbine  end  36 
where  the  crossflow  mass  flow  rate  is  small,  while  still 
limiting  the  velocity  of  the  cross  flow  nearer  exit  72. 

When  the  spacing  between  impingement  sleeve  66 
and  transition  duct  18  is  greater,  a  greater  mass  flow 
rate  is  required  in  an  impingement  jet  for  the  impinge- 
ment  jet  to  impact  transition  duct  1  8  with  enough  velocity 
to  provide  adequate  cooling.  An  increased  mass  flow 

rate  is  achieved  without  requiring  an  increase  in  pres- 
sure  drop  across  impingement  sleeve  66  by  making  the 
areas  of  apertures  70  larger  near  exit  72  than  near  tur- 
bine  end  36.  The  total  air  flow  density  produced  by  the 

5  array  of  larger  apertures  70  may  be  made  greater  than, 
equal  to,  or  less  than  the  total  airflow  density  of  the  array 
in  the  areas  having  smaller  apertures  70  by  varying  the 
spacing  between  bands  of  apertures  70,  and  by  varying 
the  spacing  between  apertures  70  in  a  band.  All  of  these 

10  variables  are  illustrated  in  Fig.  3.  That  is,  the  apertures 
70  in  the  first  band  of  apertures  about  impingement 
sleeve  66  adjacent  turbine  end  36  are  shown  much 
more  closely  spaced  than  are  those  in  the  last  band  of 
apertures  70  adjacent  exit  72.  Also,  the  spacing  be- 

15  tween  the  first  two  bands  of  apertures  at  turbine  end  36 
is  much  smaller  than  the  spacing  between  the  last  two 
bands  of  apertures  adjacent  exit  72.  Systematic  varia- 
tion  in  hole-to-hole  and  band-to-band  spacing  is  seen 
at  intermediate  points. 

20  The  flexibility  of  surface  cooling  offered  by  any  one 
of  the  above  variables  permits  tailoring  of  cooling  to  the 
requirements  of  a  particular  application.  When  the  var- 
iables  are  controlled  in  pairs,  or  all  together,  substantial- 
ly  total  control  of  impingement  cooling  of  transition  duct 

25  18  is  achieved  with  an  acceptably  low  pressure  drop 
across  impingement  sleeve  66. 

Referring  further  to  Fig.  3A,  apertures  70'  in  flow 
sleeve  26  permit  that  portion  of  the  combustor  air  flow 
which  does  not  pass  through  impingement  sleeve  66  to 

30  combine  with  the  impingement  air  flow  spent  prior  to 
commencing  combustion.  The  number,  size  and  distri- 
bution  of  apertures  70'  are  selected  to  permit  the  desired 
airflow,  and  create  the  required  overall  pressure  drop  for 
the  impingement  sleeve.  A  seal  73  between  flow  sleeve 

35  26  and  impingement  sleeve  66  permits  considerable 
misalignment  therebetween  while  preventing  air  flow 
from  entering  at  their  junction.  Such  entry  would  imbal- 
ance  the  airflow  split  between  them.  It  should  be  under- 
stood  that,  because  the  air  flow  through  apertures  70'  is 

40  perpendicular  to  that  of  the  spent  impingement  air  flow, 
there  is  an  additional  pressure  drop  required  to  acceler- 
ate  this  flow  up  to  the  new  crossflow  velocity  based  on 
the  sum  of  the  impingement  airflow,  the  airflow  through 
each  row  of  apertures  70'  and  the  annular  flow  area  be- 

45  tween  flow  sleeve  26  and  combustor  1  2. 
An  alternate  embodiment  of  the  invention  shown  in 

Fig.  3B  is  quite  similartothat  shown  in  Fig.  3A.  The  prin- 
cipal  difference  is  in  the  configuration  of  flow  sleeve  26 
and  the  junction  between  exit  end  32  of  impingement 

so  sleeve  66  and  flared  entry  portion  74  of  flow  sleeve  26. 
An  enlarged  view  of  this  junction  is  shown  in  Fig.  4,  in 
which  exit  72  is  surrounded  by  a  flared  entry  portion  74 
of  flow  sleeve  26,  creating  an  annular  flow  passage  78. 
Annular  flow  passage  78  takes  the  place  of  apertures 

55  70'  (Fig.  3A)  having  an  area  calculated  to  permit  the  re- 
quired  air  flow  to  pass  while  creating  the  required  overall 
pressure  drop  for  impingement  sleeve  66.  Because  the 
pressure  drop  from  plenum  22  to  the  exit  of  annular  flow 
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passage  78  is  equal  to  the  overall  pressure  drop  across 
impingement  sleeve  66,  the  airflow  velocity  exiting  an- 
nular  flow  passage  78  is  considerably  higher  than  the 
velocity  at  exit  72.  As  these  two  flows  converge  within 
flow  sleeve  26,  there  is  a  favorable  momentum  transfer 
to  the  impingement  sleeve  flow  thereby  creating  a  low- 
pressure  region  in  the  vicinity  of  exit  72  thus  functioning 
to  scavenge  the  spent  impingement  cooling  air  flow  vol- 
ume  68.  The  net  effect  of  this  scavenging  action  is  to 
reduce  the  overall  pressure  drop  between  plenum  22 
and  the  interior  of  flow  sleeve  26,  compared  to  that  ob- 
tained  in  the  embodiment  shown  in  Fig.  3A  for  the  same 
overall  pressure  drop  through  impingement  sleeve  66. 
This  embodiment  requires  precise  control  of  the  size  of 
annular  flow  passage  78  in  order  to  achieve  consistent 
flow  split  and  pressure  drop  performance  among  ten  or 
more  combustors  operating  in  parallel,  as  is  the  case  in 
a  conventional  or  advanced  heavy  duty  gas  turbine  en- 
gine. 

Referring  now  to  Fig.  5,  aft  support  44  includes  a 
generally  circular  wall  80  welded  at  substantially  its  en- 
tire  perimeter  to  transition  duct  18  and  extending 
through  a  circular  opening  82  in  impingement  sleeve  66, 
thus  forming  a  blind  cup-shaped  volume  84  which  is 
open  to  plenum  22  at  its  upper  end  but  which  is  substan- 
tially  closed  at  the  lower  end.  A  complete  disclosure  of 
the  structure  and  function  of  aft  support  44  is  contained 
in  U.S.  Patent  No.  4,422,288  whose  disclosure  is  incor- 
porated  herein  by  reference.  It  should  be  noted  that  tran- 
sition  duct  1  8  is  curved  outward  toward  cup-shaped  vol- 
ume  84  in  this  cross  section.  The  following  disclosed 
technique  for  providing  cooling  to  the  portion  of  transi- 
tion  duct  18  which  is  enclosed  with  circular  wall  80  pro- 
vides  an  excellent  example  of  the  power  and  flexibility 
for  tailoring  the  impingement  cooling  of  a  surface  over 
which  differences  in  heat  load,  distance  and  air  cross- 
flow  volume  are  all  encountered. 

An  impingement  insert  86,  having  an  upward-direct- 
ed  wall  90  and  a  planar  bottom  92  is  tightly  fitted  into 
cup-shaped  volume  84  with  planar  bottom  92  spaced 
from  the  surface  of  transition  duct  18.  Upward-directed 
wall  90  preferably  includes  a  flange  94  at  its  upper  ex- 
tremity  for  attachment  to  the  inner  surface  of  circular  wall 
80.  Flange  94  is  preferably  attached  to  circular  wall  80 
using,  for  example,  welding.  An  annular  space  96  be- 
tween  upward-directed  wall  90  and  circular  wall  80  per- 
mits  insert  86  and  wall  90  to  reach  the  same  temperature 
before  they  are  joined  at  flange  94  thus  minimizing  the 
thermal  stress  at  this  joint.  A  plurality  of  apertures  98  in 
planar  bottom  92  permit  the  pressurized  air  in  plenum 
22  to  form  impingement  jets  for  cooling  an  enclosed  sur- 
face  100  of  transition  duct  18  within  circular  wall  80. 

Since  enclosed  surface  1  00  is  surrounded  by  circu- 
lar  wall  80,  the  spent  impingement  air  must  be  released 
from  the  space  between  impingement  insert  86  and  en- 
closed  surface  1  00  in  a  different  manner  than  was  used 
in  the  imingement  cooling  technique  described  in  the 
preceding.  The  amount  of  cooling  air  required  to  cool 

enclosed  surface  100  is  a  negligible  proportion  of  the 
total  air  supply.  It  is  therefore  feasible  to  vent  the  spent 
impingement  air  into  the  interior  of  transition  duct  18 
through  film  cooling  apertures  1  02  without  paying  a  sig- 

5  nificant  penalty  in  reduced  efficiency  of  airflow  useage. 
Referring  now  also  to  Figs.  6  and  7  (film  cooling  ap- 

ertures  102,  located  beneath  planar  bottom  92  in  Fig.  7, 
are  shown  in  dashed  line),  film  cooling  apertures  102 
are  disposed  in  two  staggered  rows  1  04  and  1  06  located 

10  near  the  upstream  edge  of  planar  bottom  92  with  respect 
to  the  gas  flow  within  transition  duct  18.  As  best  illus- 
trated  in  Fig.  6,  film  cooling  apertures  102  are  inclined 
in  the  direction  of  gas  flow  thereby  encouraging  film 
cooling  of  the  inner  surface  of  transition  duct  18  by  the 

is  air  passing  therethrough.  Such  film  cooling  strongly 
modifies  the  local  heat  load  downstream  of  film  cooling 
apertures  102.  In  addition,  the  location  of  film  cooling 
apertures  102  near  the  gas-flow  upstream  edge  of  pla- 
nar  bottom  92  requires  that  all  of  the  impingement  cool- 

20  ing  air  entering  through  apertures  98  must  flow  towards 
rows  1  04  and  1  06  thereby  producing  a  strong  crossflow 
capable  of  interfering  with  impingement  cooling  by  air 
jets  nearer  rows  104  and  106  as  previously  described. 
A  further  complication  in  providing  impingement  cooling 

25  of  enclosed  surface  100  is  seen  in  a  comparison  of  the 
shape  of  transition  duct  18  within  enclosed  surface  100 
in  the  orthogonal  cross  sections  of  Figs.  5  and  6.  That 
is,  whereas  enclosed  surface  100  in  the  cross  section 
of  Fig.  5  is  closer  to  planar  bottom  92  at  its  center  that 

30  it  is  at  its  perimeter,  the  opposite  is  true  in  the  longitudi- 
nal  cross  section  of  Fig.  6.  Thus,  all  three  of  the  variables 
which  complicate  tailored  cooling  of  enclosed  surface 
100  are  present.  That  is,  the  local  heat  load  on  enclosed 
surface  100  is  modified  by  film  cooling,  the  effectiveness 

35  of  impingement  jets  is  affected  by  air  crossflow,  and  is 
further  affected  by  the  changing  distances  through 
which  the  jets  must  penetrate  before  impinging  on  the 
surface  of  enclosed  surface  100. 

Reference  is  now  made  specifically  to  Fig.  7.  Aper- 
40  tures  98  are  arranged  in  nine  rows  108-124,  each 

aligned  transverse  to  the  gas-flow  path.  The  three  ap- 
ertures  98  closest  to  the  center  of  each  of  rows  114,  116 
and  1  1  8  are  of  relatively  small  diameter.  This  smallness 
is  in  response  to  two  factors,  1)  this  region  of  enclosed 

45  surface  1  00  is  strongly  film  cooled  by  film  cooling  aper- 
tures  1  02,  and  2)  planar  bottom  92  and  enclosed  surface 
100  are  spaced  relatively  close  together,  as  seen  in  the 
cross  section  through  row  1  1  6  in  Fig.  5.  The  outer  three 
apertures  98  in  rows  114,  116  and  1  1  8  become  progres- 

50  sively  larger  in  response  to  the  increasing  distance  over 
which  the  impingement  jets  must  be  projected  (see  Fig. 
5). 

Rows  1  08  and  1  24  contain  apertures  98  of  interme- 
diate  size  and  closest  spacing.  This  is  in  response  to  the 

55  combination  of  the  shorter  distance  between  planar  bot- 
tom  92  and  enclosed  surface  1  00  in  these  locations  (see 
Fig.  6)  as  well  as  the  fact  that  there  are  no  upstream 
impingement  jets  to  produce  a  crossflow  to  interfere  with 
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the  projection  of  cooling  air  upon  enclosed  surface  100. 
Row  110  and  122  contain  apertures  98  of  larger  size  and 
wider  spacing  to  compensate  for  the  presence  of  cross- 
flow  from  upstream  impingement  jets  as  well  as  the  in- 
creasing  distance  (see  Fig.  6). 

From  the  foregoing,  it  is  clear  that  the  present  in- 
vention  is  capable  of  tailoring  the  cooling  provided  by 
impingement  jet  cooling  over  an  area  where  the  three 
variables  of  heat  load,  distance  and  air  crossflow  are 
present  in  independent  fields  over  the  areas  of  interest. 
In  the  embodiment  of  the  invention  wherein  the  surfacea 
area  of  transition  duct  18  is  cooled  using  impingement 
sleeve  66,  air  crossflow  velocity  is  controlled  by  pur- 
posely  increasing  the  distance  between  transition  duct 
18  and  impingement  sleeve  66  and  compensating  for 
the  increased  distance  by  increasing  the  diameters  of 
apertures  70.  The  spacing  of  the  larger-diameter  aper- 
tures  70  is  increased  to  control  the  air  mass  flow  density. 
In  the  embodiment  of  the  invention  wherein  enclosed 
surface  100  within  aft  support  44  is  cooled,  the  distance 
is  generally  fixed  by  the  design  of  transition  duct  1  8.  The 
varying  distances  are  accommodated  by  suitably  con- 
trolling  the  diameter  and  spacing  of  apertures  98.  Addi- 
tionally,  the  problem  of  disposing  of  the  spent  impinge- 
ment  air  is  solved  by  employing  the  spent  impingement 
air  for  film  cooling  and  by  further  modifying  the  diameter 
and  spacing  of  apertures  98  to  compensate  for  the  re- 
sulting  variation  in  the  heat  load  over  enclosed  surface 
100. 

Claims 

1.  Impingement  cooled  transition  duct  in  a  gas  turbine 
of  the  type  comprising  a  turbine  casing  connected 
to  a  compressed  air  supply  and  including  within  the 
turbine  casing  a  plurality  of  combustors  (12)  and 
transition  ducts  (18)  for  delivering  hot  gas  to  a  tur- 
bine  stage;  said  impingement  cooled  transition  duct 
comprising  an  impingement  sleeve  (66)  surround- 
ing  each  transition  duct  approximately  coextensive 
therewith  and  having  a  combustor  end  (32),  a  tur- 
bine  end  (36)  and  a  closed  end  between  the 
impingement  sleeve  (66)  and  the  transition  duct 
(18)  at  said  turbine  end  (36); 

a  plurality  of  apertures  (70)  being  formed  in  the 
impingement  sleeve  (66),  the  apertures  being 
spaced  apart,  characterized  in  that  the  distance 
between  said  apertures  and  the  size  of  the 
apertures  increases  from  said  turbine  end  (36) 
to  said  combustor  end,  and 
the  impingement  sleeve  (66)  is  spaced  at  a  var- 
iable  radial  distance  from  the  transition  duct 
(18)  along  its  axial  length,  said  radial  distance 
being  larger  at  the  combustor  end  (32)  than  at 
the  turbine  end  (36). 

2.  Impingement  cooled  transition  duct  recited  in  claim 
1  and  including  an  exit  (72)  at  the  combustor  end 
(32)  of  the  transition  duct,  characterized  by  a  flow 
sleeve  (26)  surrounding  each  combustor  (12)  and 

5  approximately  coextensive  therewith  and  including 
a  flared  entry  portion  (74)  overlapping  the  exit  (72) 
to  define  an  annular  flow  passage  (78). 

3.  Impingement  cooled  transition  duct  recited  in  claim 
10  1  ,  and  including  an  exit  (72)  at  the  combustor  end 

(32)  of  the  transition  duct,  characterized  by  a  flow 
sleeve  (26)  surrounding  each  combustor  (12)  and 
approximately  coextensive  therewith,  and  an  annu- 
lar  seal  (73)  between  the  flow  sleeve  (26)  and  the 

is  impingement  sleeve  (66)  and  a  plurality  of  aper- 
tures  (70')  formed  in  the  flow  sleeve. 

4.  Impingement  cooled  transition  duct  recited  in  claim 
1  wherein  the  transition  duct  includes  an  aft  support 

20  (44)  having  a  continuous  wall  (80)  attached  to  the 
transition  duct  (18),  characterized  by  an  impinge- 
ment  insert  (86)  comprising  a  wall  portion  (90)  and 
a  planar  bottom  (92)  tightly  fitted  within  the  aft  sup- 
port  and  spaced  a  distance  from  the  transition  duct 

25  surface;  a  plurality  of  apertures  (98)  formed  in  the 
planar  bottom  for  directing  impingement  air  to  the 
surface  of  the  transition  duct;  and  a  plurality  of  film 
cooling  apertures  (102)  in  the  transition  duct. 

30  5.  Impingement  cooled  transition  duct  recited  in  claim 
5  wherein  the  area  and  spacing  of  the  apertures 
(98)  in  the  planar  bottom  (92)  are  varied  in  accord- 
ance  with  the  distance  between  the  planar  bottom 
and  the  surface  of  the  transition  duct  (18). 

35 

Patentanspriiche 

1.  Prallgekuhlter  Ubergangskanal  in  einer  Gasturbine 
40  mit  einem  Turbinengehause,  das  mit  einer  Druck- 

luftversorgung  verbunden  ist,  und  mit  mehreren, 
innerhalb  des  Turbinengehauses  angeordneten 
Brennkammern  (12)  und  Ubergangskanalen  (18) 
zur  Zufuhr  von  heiBen  Gasen  zu  einer  Turbinen- 

45  stufe,  wobei  der  prallgekuhlte  Ubergangskanal  eine 
Prallhulse  (66)  aufweist,  die  jeden  Ubergangskanal 
in  etwa  gleicher  Ausdehnung  damit  umgibt  und  ein 
Brennkammerende  (32),  ein  Turbinenende  (36) 
und  ein  geschlossenes  Ende  zwischen  der  Prall- 

50  hulse  (36)  und  dem  Ubergangskanal  (18)  an  dem 
Turbinenende  (36)  aufweist,  wobei  mehrere  mit 
Abstand  angeordnete  Offnungen  (70)  in  der  Prall- 
hulse  (66)  ausgebildet  sind  dadurch  gekennzeich- 
net,  dal3  der  Abstand  zwischen  den  Offnungen  und 

55  die  GroBe  der  Offnungen  von  dem  Turbinenende 
(36)  zu  dem  Brennkammerende  hin  zunimmt,  und 
dal3  die  Prallhulse  (66)  in  einem  variablen  radialen 
Abstand  von  dem  Ubergangskanal  (1  8)  entlang  sei- 
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ner  axialen  Lange  angeordnet  ist,  wobei  der  radiale 
Abstand  an  dem  Brennkammerende  (32)  groBer  als 
an  dem  Turbinenende  (36)  ist. 

2.  Prallgekuhlter  Ubergangskanal  nach  Anspruch  1, 
mit  einem  Ausgang  (72)  an  dem  Brennkamme- 
rende  (32)  des  Ubergangskanals,  gekennzeichnet 
durch  eine  Stromungshulse  (26),  die  jede  Brenn- 
kammer  (12)  umgibt  und  eine  etwa  gleiche  Ausdeh- 
nung  wie  diese  hat  und  einen  erweiterten  Eingangs- 
abschnitt  (74)  aufweist,  der  den  Ausgang  (72)  iiber- 
lappt,  urn  einen  ringformigen  Stromungskanal  (78) 
zu  bilden. 

3.  Prallgekuhlter  Ubergangskanal  nach  Anspruch  1, 
mit  einem  Ausgang  (72)  an  dem  Brennkamme- 
rende  (32)  des  Ubergangskanals,  gekennzeichnet 
durch  eine  Stromungshulse  (26),  die  jede  Brenn- 
kammer  (12)  umgibt  und  eine  etwa  gleiche  Ausdeh- 
nung  wie  diese  hat,  eine  ringformige  Dichtung  (73) 
zwischen  der  Stromungshulse  (26)  und  der  Prall- 
hulse  (76)  und  mehrere,  in  der  Stromungshulse 
ausgebildete  Offnungen  (70'. 

4.  Prallgekuhlter  Ubergangskanal  nach  Anspruch  1, 
wobei  der  Ubergangskanal  eine  hintere  Halterung 
(44)  mit  einer  durchgehenden  Wand  (80)  aufweist, 
die  an  dem  Ubergangskanal  (18)  befestigt  ist, 
gekennzeichnet  durch  einen  Pralleinsatz  (86),  der 
einen  Wandabschnitt  (90)  und  einen  ebenen  Boden 
(92)  aufweist,  der  in  der  hinteren  Halterung  test  ein- 
gepaBt  ist  und  in  einem  Abstand  von  der  Oberflache 
des  Ubergangskanals  angeordnet  ist,  mehrere  Off- 
nungen  (98),  die  in  dem  ebenen  Boden  ausgebildet 
sind,  urn  Pralluft  auf  die  Oberflache  des  Ubergangs- 
kanals  zu  leiten,  und  mehrere  Filmkuhloffnungen 
(102)  in  dem  Ubergangskanal. 

5.  Prallgekuhlter  Ubergangskanal  nach  Anspruch  5, 
wobei  die  Flache  und  der  Abstand  der  Offnungen 
(98)  in  dem  ebenen  Boden  (92)  verandert  sind  in 
Abhangigkeit  von  dem  Abstand  zwischen  dem  ebe- 
nen  Boden  und  der  Oberflache  des  Ubergangska- 
nals  (18). 

Revendications 

1.  Conduit  de  transition  refroidi  par  impact  dans  une 
turbine  a  gaz  du  type  comprenant  un  carter  de  tur- 
bine  raccorde  a  une  alimentation  d'air  comprime  et 
comprenant  a  I'interieur  du  carter  de  la  turbine  une 
pluralite  de  chambres  de  combustion  (1  2)  et  de  con- 
duits  de  transition  (18)  pour  fournir  des  gaz  chauds 
a  un  etage  de  la  turbine,  ledit  conduit  de  transition 
refroidi  par  impact  comprenant  un  manchon  a 
impact  (66)  entourant  chaque  conduit  de  transition 
sur  a  peu  pres  la  meme  etendue  que  ce  dernier  et 

comportant  une  extremite  (32)  de  chambre  de  com- 
bustion,  une  extremite  (36)  de  turbine  et  une  extre- 
mite  fermee  entre  le  manchon  a  impact  (66)  et  le 
conduit  de  transition  (18)  a  ladite  extremite  (36)  de 

5  turbine; 

une  pluralite  d'ouvertures  (70)  etant  formees 
dans  le  manchon  a  impact  (66),  ces  ouvertures 
etant  espacees  les  unes  des  autres, 

10  caracterise  en  ce  que  la  distance  entre  lesdites 
ouvertures  et  la  dimension  des  ouvertures  aug- 
mented  depuis  ladite  extremite  (36)  de  turbine 
jusqu'a  ladite  extremite  de  chambre  de  com- 
bustion,  et 

is  le  manchon  a  impact  (66)  est  espace  d'une  dis- 
tance  radiale  variable  depuis  le  conduit  de  tran- 
sition  (1  8)  le  long  de  sa  dimension  axiale,  ladite 
distance  radiale  etant  plus  grande  au  niveau  de 
I'extremite  (32)  de  chambre  de  combustion 

20  qu'au  niveau  de  I'extremite  (36)  de  turbine. 

2.  Conduit  de  transition  refroidi  par  impact  selon  la 
revendication  1  et  comprenant  une  sortie  (72)  a 
I'extremite  (32)  de  chambre  de  combustion  du  con- 

25  duit  de  transition,  caracterise  par  un  manchon 
d'ecoulement  (26)  entourant  chaque  chambre  de 
combustion  (12)  et  a  peu  pres  de  meme  etendue 
que  cette  derniere  et  comprenant  une  partie 
d'entree  evasee  (74)  recouvrant  la  sortie  (72)  de 

30  maniere  a  definir  un  passage  d'ecoulement  annu- 
lare  (78). 

3.  Conduit  de  transition  refroidi  par  impact  selon  la 
revendication  1,  et  comprenant  une  sortie  (72)  a 

35  I'extremite  (32)  de  chambre  de  combustion  du  con- 
duit  de  transition,  caracterise  par  un  manchon 
d'ecoulement  (26)  entourant  chaque  chambre  de 
combustion  (12)  et  a  peu  pres  de  meme  etendue 
que  cette  derniere,  et  un  joint  etanche  annulaire 

40  (73)  entre  le  manchon  d'ecoulement  (26)  et  le  man- 
chon  a  impact  (66)  et  une  pluralite  d'ouvertures  (70') 
formees  dans  le  manchon  d'ecoulement. 

4.  Conduit  de  transition  refroidi  par  impact  selon  la 
45  revendication  1  ,  ce  conduit  de  transition  compre- 

nant  un  support  arriere  (44)  comportant  une  paroi 
continue  (80)  fixee  au  conduit  de  transition  (18), 
caracterise  par  un  element  rapporte  (86)  a  impact 
comprenant  une  partie  paroi  (90)  et  un  fond  plat 

so  (92),  monte  sans  jeu  a  I'interieur  du  support  arriere 
et  espace  d'une  certaine  distance  de  la  surface  de 
conduit  de  transitio;  une  pluralite  d'ouvertures  (98) 
formees  dans  le  fond  plat  pour  diriger  de  I'air 
d'impact  vers  la  surface  du  conduit  de  transition  ;  et 

55  une  pluralite  d'ouvertures  (102)  de  refroidissement 
par  film  dans  le  conduit  de  transition. 

5.  Conduit  de  transition  refroidi  par  impact  selon  la 

9 



17  EP  0  203  431  B2  18 

revendication  5,  dans  lequel  la  superficie  et  I'espa- 
cement  des  ouvertures  (98)  dans  le  fond  plat  (92) 
varient  en  fonction  de  la  distance  entre  le  fond  plat 
et  la  surface  du  conduit  de  transition  (18). 
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