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Description 

The  present  invention  relates  to  a  cooled  gas 
turbine  blade  according  to  the  preamble  of  claim  1  . 
Such  a  blade  is  known  from  JP-A-61-1804.  Particu- 
larly,  it  refers  to  an  internal  convectively  cooled 
blade  for  a  gas  turbine.  The  cooling  of  the  leading 
edge,  particularly  the  cooling  of  an  inner  surface  of 
a  leading  edge  of  the  turbine  blade  of  a  multipass 
convectively  cooled  gas  turbine  blade  can  be  im- 
proved. 

In  a  gas  turbine,  hot  and  high  temperature 
combustion  gas  generated  through  a  compressor 
and  a  combustor  drives  the  gas  turbine.  With  the 
improvement  of  engine  thermal  efficiency  of  the 
gas  turbine  in  recent  years,  gas  temperature  now 
exceeds  the  heat  resistance  limit  of  the  turbine  hot 
components  including  turbine  blades. 

To  cope  with  excessive  thermal  stress  and 
corrosion  generated  in  such  a  hot  gas  atmosphere, 
and  to  ensure  sufficient  mechanical  strength  and 
reliability,  consistent  improvements  in  heat-resistant 
alloys  and  coating  materials  and  also  in  cooling 
technologies  for  the  turbine  hot  components  are 
necessary. 

Particularly  because  the  turbine  blade  is  di- 
rectly  exposed  to  the  combustion  gas  and  must 
have  high  cooling  performance,  an  intricate  cooling 
structure  wherein  the  turbine  blade  is  made  hollow 
to  form  internal  cooling  passages  and  ejection 
holes  to  the  outside  and  cooling  fluid  such  as  a 
bleed  from  the  compressor  is  introduced  into  both 
passages,  has  been  employed. 

In  order  to  fully  accomplish  the  merit  of  the 
high  thermal  efficiency  by  increasing  gas  tempera- 
ture,  increase  in  total  cooling  flow  rate  that  reduces 
the  above  efficiency  remarkable,  especially  in- 
crease  in  the  turbine  blade  cooling  flow  rate  to 
which  accounts  for  high  percentage  of  cooling  flow 
must  be  minimized.  Accordingly,  various  high  per- 
formance  gas  turbine  blades  have  been  developed 
keeping  pace  with  the  improvement  of  blade  fab- 
rication  techniques. 

One  of  the  typical  gas  turbine  cooled  blades  is 
an  impingement  cooled  blade  disclosed  in  Japa- 
nese  Patent  Laid-Open  No.  9623/1981.  This  im- 
pingement  gas  turbine  cooled  blade  has  a  double 
structure  consisting  of  a  hollow  blade  main  body 
and  an  insert  body  for  cooling  which  is  disposed  in 
the  cavity  of  the  blade  main  body.  The  cooling  fluid 
supplied  into  the  cooling  insert  body  flows  through 
the  jet  ports  of  the  surface  and  impinges  against 
the  inner  surface  of  the  turbine  blade,  thereby 
achieving  high  level  of  impingement  cooling. 

Though  this  impingement  cooling  structure  of 
the  gas  turbine  blade  involves  the  disadvantage 
that  the  cooling  insert  body  must  be  produced 
separately  from  the  hollow  blade  main  body,  it  has 

the  advantage  that  the  cooling  performance  for  the 
turbine  blade  can  be  easily  set  in  accordance  with 
an  external  heat  load  distribution  by  adjusting  the 
size  and  arrangement  of  the  array  of  the  jet  ports, 

5  and  it  has  high  cooling  performance  for  the  gas 
turbine  cooled  blade  on  an  average. 

Another  typical  gas  turbine  cooled  blade  is  a 
multipass  convectively  cooled  blade  disclosed,  for 
example,  in  British  Patent  No.  2112467  and  United 

io  States  Patent  No.  4514144.  In  this  gas  turbine 
cooled  blade,  at  least  one  structure  of  the  cooling 
passage  is  defined  inside  the  turbine  blade  in  such 
a  manner  as  to  start  from  the  root  of  the  blade  and 
to  pass  or  extend  and  return  in  the  direction  of 

75  blade  height.  The  cooling  fluid  flows  along  the 
inner  surface  of  each  blade  wall,  on  which  the 
projections  and  the  pin  fins  for  the  heat  transfer 
promotion  are  disposed,  and  cause  increased 
forced  convective  cooling. 

20  From  the  aspect  of  the  blade  fabrication  tech- 
niques,  this  multipass  convectively  cooled  structure 
of  the  gas  turbine  blades  has  the  advantage  that 
the  blade  main  body  and  the  most  portions  of  the 
cooling  passages  can  be  molded  all  together  by 

25  the  precision  casting,  but  it  also  involves  the  prob- 
lem  that  adjustablity  of  the  cooling  performance  in 
accordance  with  average  cooling  performance  and 
the  external  heat  load  is  lower  than  that  of  the 
impingement  cooled  blade. 

30  Therefore,  technical  improvements  inclusive  of 
a  new  blade  fabrication  method  have  been  at- 
tempted  in  order  to  improve  the  cooling  perfor- 
mance  for  the  gas  turbine  cooled  blade  by  utilizing 
fully  the  heat  transfer  promotion  elements  or  ribs 

35  and  by  miniaturizing  the  cooling  passages. 
Still  another  cooling  structure  of  the  gas  turbine 

blades  is  a  film  cooling  structure  which  injects  a 
cooling  fluid  onto  the  blade  surface  to  reduce  the 
gas  temperature  on  the  external  surface  of  the 

40  blade.  However,  this  film  cooling  structure  of  the 
gas  turbine  blade  is  limited  to  apply  to  an  airplane 
engine  field  or  the  like  which  uses  a  high  quality  oil 
free  from  plugging  of  the  jet  ports,  and  is  therefore 
used  conjointly  with  the  cooling  structure  described 

45  above. 
Since  the  following  description  is  primarily  di- 

rected  to  the  cooling  structure  of  the  turbine  bucket 
which  can  be  adapted  to  low  quality  oil,  the  im- 
pingement  cooled  blade  and  the  multipass  convec- 

50  tively  gas  turbine  cooled  blade  without  the  conjoint 
use  of  the  film  cooling  structure  will  be  examined. 

In  accordance  with  recent  aerodynamic  design 
of  turbine  blades,  a  blade  outer  shape  having  a 
smaller  blade  thickness  than  the  conventional  tur- 

55  bine  blade  has  been  employed  in  view  of  increas- 
ing  aerodynamic  performance,  and  the  leading 
edge  of  the  blade  has  an  outer  shape  approximate 
to  an  ellipsis  while  the  rear  edge  is  made  as  thin  as 
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possible.  In  the  moving  blade,  the  aerodynamic 
design  of  each  section  is  made  in  conformity  with 
the  difference  of  the  flow  conditions  on  the  basis  of 
the  difference  of  a  peripheral  speed  in  the  direction 
of  blade  height,  so  that  the  blade  of  the  gas  turbine 
is  likely  to  have  an  outer  shape  which  is  twisted  in 
the  direction  of  blade  height. 

When  cooling  design  of  the  moving  blade  hav- 
ing  the  blade  outer  shape  with  excellent  aero- 
dynamic  performance  is  made,  cooling  of  the  lead- 
ing  edge  of  the  blade  becomes  particularly  difficult 
if  the  blade  cooling  structure  is  determined  while 
ensuring  the  enough  blade  wall  thickness  from  the 
aspects  of  sufficient  strength  and  reliability. 

Fundamentally,  this  results  from  the  fact  that 
since  the  radius  of  curvature  of  the  leading  edge 
outer  surface  of  the  blade  is  relatively  small,  the 
external  heat  load  increases  and  the  heat  transfer 
area  ratio  between  the  inner  and  the  outer  surfaces 
of  the  leading  edge  of  the  blade  becomes  small.  It 
also  exerts  the  following  adverse  influences  upon 
each  cooled  blade. 

Namely,  in  the  case  of  the  impingement  gas 
turbine  cooled  blade,  it  is  very  difficult  to  design 
and  mold  the  cooling  insert  body  which  is  thinly 
twisted  in  conformity  with  the  blade  outer  shape. 
Even  if  the  blade  outer  shape  is  corrected  at  the 
sacrifice  of  the  aerodynamic  performance  to  some 
extents  in  order  to  have  the  cooling  insert  body 
insertive,  the  distance  between  the  inner  surface  of 
the  leading  edge  wall  of  the  blade  and  the  jet  ports 
on  the  leading  surface  of  the  cooling  insert  body 
becomes  too  long  and  that  causes  reduction  of  the 
the  impingement  cooling  performance  due  to  diffu- 
sion  of  the  jet  stream. 

Therefore,  from  the  aspects  such  as  an  aero- 
dynamic  performance,  cooling  performance  and 
blade  fabrication  capability,  the  impingement  cool- 
ed  blade  has  both  merit  and  demerit  and  the 
following  multipass  convectively  cooled  blade  for 
the  gas  turbine  is  more  general  for  the  practical 
application. 

In  the  multipass  convectively  cooled  blade  for 
the  gas  turbine,  the  limitation  of  the  aerodynamic 
design  and  the  blade  fabrication  is  not  so  severe, 
but  the  following  problem  occurs  concerning  the 
cooling  design.  Namely,  inside  the  leading  edge 
cooling  passage  having  a  roughly  triangular  sec- 
tion,  the  inner  surface  area  of  the  leading  edge  of 
the  blade  reduces  corresponding  to  the  apex  of  an 
acute  angle,  the  distribution  of  the  cooling  fluid  to 
the  inner  surface  of  the  leading  edge  wall  de- 
creases  and  the  substantial  flow  velocity  is  com- 
parative  low.  Accordingly,  the  convective  cooling 
performance  of  the  multipass  convectively  cooled 
blade  for  the  gas  turbine  cannot  be  improved  even 
if  the  heat  transfer  promotion  ribs  are  disposed. 

The  conventional  multipass  convectively  cooled 
blade  for  the  gas  turbine  described  previously  pro- 
poses  also  a  method  for  improving  the  convective 
cooling  by  the  heat  transfer  promotion  ribs.  British 

5  Patent  No.  2112467  disposes  slantingly  the  heat 
transfer  promotion  ribs  on  the  rear  side  wall  and 
body  sidle  wall  towards  the  inner  surface  of  the 
leading  edge  wall  with  respect  to  the  flow  and 
improves  cooling  of  the  inner  surface  of  the  leading 

io  edge  wall  by  causing  channelling.  United  States 
Patent  No.  4514144  defines  spacings  between  the 
heat  transfer  promotion  ribs  disposed  slantingly  to 
the  flow  in  order  to  promote  heat  transfer  and 
reduce  the  fluid  resistance. 

is  However,  the  cooling  improvement  method  for 
the  turbine  blades  having  these  heat  transfer  pro- 
motion  ribs  primarily  causes  channelling  and  turbu- 
lence  augmentation  of  the  boundary  layer  of  the 
cooling  fluid  in  the  proximity  of  the  inner  surface  of 

20  the  cooling  fluid  and  promotes  heat  transfer  and  its 
performance,  but  particularly  the  performance 
when  applied  to  the  enhancement  of  cooling  of  the 
inner  surface  of  the  leading  edge  wall,  is  limited. 

Accordingly,  in  the  multipass  convectively  cool- 
25  ed  blade  for  the  gas  turbine  having  less  limitations 

from  the  aspects  of  the  aerodynamic  design  and 
blade  fabrication  and  being  excellent  in  the  overall 
evaluation,  it  is  the  leading  edge  cooling  passage 
that  is  to  be  improved  most  essentially  in  order  to 

30  further  improve  the  cooling  performance  in  the 
future,  particularly  the  cooling  performance  of  the 
inner  surface  of  its  leading  edge  wall  of  the  turbine 
blade. 

The  Japanese  patent  application  61-1804  dis- 
35  closes  a  turbine  wing  which  is  cooled  by  circulating 

air.  To  this  end,  in  the  cooling  air  passage  guide 
plates  are  arranged  which  guide  the  cooling  air 
towards  the  frontal  surface  of  the  cooling  air  pas- 
sage  of  the  leading  edge  part  of  a  wing.  The 

40  cooling  air  passage  is  formed  by  placing  a  partition 
in  the  frontal  edge  part  of  a  hollow  wing.  The 
cooling  air  which  has  entered  from  the  inlet  pas- 
sage  to  the  cooling  air  passage  is  guided  by  the 
guide  plates  to  flow  towards  the  frontal  internal 

45  surface. 

SUMMARY  OF  THE  INVENTION: 

An  object  of  the  present  invention  is  to  provide 
50  a  gas  turbine  cooled  blade  wherein  the  cooling 

performance  of  the  leading  edge  cooling  passage 
of  the  multipass  convectively  cooled  blade  or  of  its 
inner  surface  can  be  improved,  and  wherein  the 
channelling  and  turbulence  of  the  main  stream  of 

55  the  cooling  fluid  can  be  concentrated  upon  the 
inner  surface  of  the  leading  edge  wall,  and  the 
cooling  performance  of  this  portion  is  improved 
effectively. 
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This  object  is  solved  in  accordance  with  the 
features  of  claim  1  .  Dependent  claims  are  directed 
on  preferred  embodiments  of  the  present  invention. 

A  plurality  of  extending  members  are  disposed 
inside  the  cooling  passage  at  positions  which  are 
closer  to  the  first  internal  partition  than  to  the 
leading  edge  wall  in  such  a  manner  as  to  face  a 
flow  of  the  cooling  fluid  and  extending  from  at  least 
one  of  the  rear  side  wall  and  the  body  side  wall. 

The  penetrating  members  or  the  projecting 
members  as  the  above  extending  members  that 
penetrate  or  project  in  the  leading  edge  cooling 
passage  disturbs  the  main  stream  of  the  cooling 
fluid  near  the  first  internal  partition  in  both  direc- 
tions  of  the  leading  edge  wall  and  the  first  internal 
partition  and  make  the  main  stream  of  the  cooling 
fluid  non-uniformly  or  causes  its  channelling.  The 
channelling  towards  the  first  internal  partition  is  not 
very  great  because  the  penetrating  members  or  the 
projecting  members  are  arranged  densely. 

The  projecting  members  are  disposed  inside 
the  cooling  passage  at  positions  which  are  closer 
to  the  first  internal  partition  than  to  the  leading 
edge  wall  in  such  a  manner  as  to  face  the  flow  of 
the  cooling  fluid  and  to  project  from  the  body  side 
wall  and  have  one  of  the  ends  thereof  fixed  to  the 
body  side  wall.  The  projecting  members  project 
from  the  rear  side  wall  and  have  one  of  the  ends 
thereof  fixed  to  to  the  rear  side  wall. 

The  projecting  members  may  project  both  from 
the  rear  side  wall  and  the  body  side  wall,  and  have 
one  of  the  ends  thereof  fixed  to  the  rear  side  wall 
or  the  body  side  wall,  respectively. 

The  penetrating  members  or  the  projecting 
members  have  a  circular  cross-sectional  cylindrical 
shape  and  have  an  elliptic  cross-sectional  cylin- 
drical  shape  or  a  similar  shape.  The  penetrating 
members  or  the  projecting  members  have  an  ellip- 
tic  or  a  similar  shape  or  a  blade-like  cross-sectional 
cylindrical  shape,  and  are  disposed  slantingly  in 
such  a  manner  as  to  guide  the  flow  of  the  cooling 
fluid  to  the  leading  edge  wall. 

The  transverse  cross-sectional  area  of  the  pen- 
etrating  members  is  to  set  from  20  %  to  50  %  of 
the  transverse  cross-sectional  area  of  the  cooling 
passage,  and  the  transverse  cross-sectional  area  of 
the  portion  of  the  cooling  passage  towards  the  first 
internal  partition  is  up  to  20  %.  The  length  of  the 
projecting  members  is  to  be  at  least  50  %  of  the 
distance  to  the  opposed  surface. 

According  to  this  structure,  the  main  stream  of 
the  cooling  fluid,  that  merely  passes  through  and 
does  not  much  contribute  to  cooling  of  the  inner 
surface  of  the  leading  edge  wall  of  the  blade  in  the 
prior  art,  can  be  utilized  fully  so  that  the  width  of 
adjustment  of  the  convective  cooling  performance 
in  accordance  with  an  external  heat  load  to  each 
wall  of  the  blade  can  be  made  greater  and  the 

cooling  performance  of  the  leading  edge  cooling 
passage  of  the  internal  convectively  cooled  blade 
as  a  whole  can  be  improved. 

However,  since  the  section  of  the  leading  edge 
5  cooling  passage  is  approximate  to  a  triangle  shape 

having  its  apex  at  the  leading  edge  wall  and  its 
three  sides  on  the  rear  side  wall  and  body  side  wall 
and  the  first  internal  partition,  the  channelling  to- 
wards  the  leading  edge  wall  joins  the  boundary 

io  layer  near  the  inner  surfaces  of  the  rear  side  wall 
and  body  side  wall  and  is  accelerated  there  as  it 
flows  near  to  the  leading  edge  wall,  and  its  turbu- 
lence  is  not  much  reduced. 

Accordingly,  the  channelling  and  turbulence  of 
is  the  main  stream  of  the  cooling  fluid  of  the  leading 

edge  cooling  passage  of  of  the  multipass  convec- 
tively  cooled  blade  for  the  gas  turbine  caused  by 
the  penetrating  members  or  the  projecting  mem- 
bers  concentrates  upon  the  inner  surface  of  the 

20  leading  edge  wall,  and  the  convective  cooling  per- 
formance  of  this  portion  is  effectively  improved. 

The  convective  cooling  performance  of  each 
wall  other  than  the  leading  edge  wall  of  the  leading 
edge  cooling  passage  of  the  multipass  convectively 

25  cooled  blade  for  the  gas  turbine  is  improved,  too, 
by  the  channelling  and  turbulence,  though  not  so 
much  as  the  leading  edge  wall.  Therefore,  the 
cooling  performance  can  be  adjusted  to  a  suitable 
cooling  performance  distribution  corresponding  to 

30  the  external  heat  load  of  each  wall,  and  the  cooling 
performance  of  the  leading  edge  cooling  passage 
can  be  improved  as  a  whole. 

In  the  present  invention,  a  plurality  of  rectifica- 
tion  ribs  are  disposed  at  intermediate  positions 

35  between  the  penetrating  members  or  the  projecting 
members  adjacent  to  one  another  on  a  surface  of 
the  first  internal  partition  and  extend  from  the  rear 
side  wall. 

The  rectification  ribs  are  disposed  on  the  sur- 
40  face  of  the  first  internal  partition  corresponding  to 

the  intermediate  positions  of  the  adjacent  cylin- 
drical  penetrating  members  or  the  adjacent  colum- 
nar  projecting  members  and  decrease  the  channel- 
ling  of  the  main  stream  due  to  the  penetrating 

45  members  or  the  projecting  members  in  the  direc- 
tion  towards  the  first  internal  partition.  As  a  result, 
the  channelling  of  the  main  stream  of  the  cooling 
fluid  increases  in  the  direction  towards  the  leading 
edge  wall,  the  convective  cooling  performance  of 

50  the  inner  surface  of  the  leading  edge  wall  is  im- 
proved  eventually  and  the  heat  transfer  promotion 
of  the  first  internal  partition  is  restricted. 

The  degree  of  the  channelling  and  turbulence 
concentrating  upon  the  inner  surface  of  the  leading 

55  edge  wall  and  the  cooling  performance  of  its  inner 
surface  depend  upon  the  penetrating  members  or 
the  projecting  members  and  the  shape  of  the  pas- 
sage  such  as  its  cross-sectional  shape,  but  when 

4 
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set  suitably,  they  can  cause  greater  channelling 
and  turbulence  than  those  by  the  boundary  layer 
by  the  conventional  heat  transfer  promotion  ribs. 
Further  more,  when  used  conjointly  with  the  con- 
ventional  heat  transfer  promotion  ribs,  they  can 
provide  a  further  greater  cooling  performance. 

In  accordance  with  the  present  invention,  the 
cooling  performance  of  the  leading  edge  cooling 
passage  of  the  multipass  convectively  cooled  blade 
for  the  gas  turbine  can  be  improved  and  particu- 
larly,  the  cooling  performance  of  the  inner  surface 
of  the  leading  edge  wall  can  be  improved  effec- 
tively. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

Fig.  1  is  a  longitudinal  sectional  view  of  a  cooled 
gas  turbine  blade  in  accordance  with  a  first 
embodiment  of  the  present  invention; 
Fig.  2  is  a  transverse  sectional  view  taken  along 
line  II  -  II  of  Fig.  1; 
Fig.  3  is  a  partial  perspective  view  showing 
schematically  its  leading  edge  cooling  passage; 
Fig.  4  is  a  partial  transverse  sectional  view  taken 
along  plane  IV  -  IV  of  Fig.  3; 
Fig.  5  is  a  partial  transverse  sectional  view  taken 
along  plane  V  -  V  of  Fig.  3; 
Fig.  6  is  a  diagram  showing  an  external  heat 
load  distribution  of  a  blade  surface; 
Fig.  7  is  a  partial  transverse  sectional  view  of 
the  leading  edge  cooling  passage  of  the  cooled 
gas  turbine  blade  in  accordance  with  a  second 
embodiment  of  the  present  invention; 
Fig.  8  is  a  partial  transverse  sectional  view  of 
the  leading  edge  cooling  passage  of  the  cooled 
gas  turbine  blade  in  accordance  with  a  third 
embodiment  of  the  present  invention; 
Fig.  9  is  a  partial  longitudinal  sectional  view  of 
the  leading  edge  cooling  passage  of  the  cooled 
gas  turbine  blade  in  accordance  with  a  fourth 
embodiment  of  the  present  invention; 
Fig.  10  is  a  partial  longitudinal  sectional  view  of 
the  leading  edge  cooling  passage  of  the  cooled 
gas  turbine  blade  in  accordance  with  a  fifth 
embodiment  of  the  present  invention; 
Fig.  11  is  a  partial  longitudinal  section  view  of 
the  leading  edge  cooling  passage  of  the  cooled 
gas  turbine  blade  in  accordance  with  a  sixth 
embodiment  of  the  present  invention; 
Fig.  12  is  a  partial  transverse  sectional  view 
taken  along  line  XII  -  XII  of  Fig.  11; 
Fig.  13  is  a  longitudinal  sectional  view  of  a 
cooled  gas  turbine  blade  in  accordance  with  a 
seventh  embodiment  of  the  present  invention; 
Fig.  14A  is  a  diagram  showing  the  distribution  of 
an  external  surface  gas  temperature  of  the  lead- 
ing  edge  wall  along  the  leading  edge  cooling 
passage  of  the  cooled  gas  turbine  blade; 

Fig.  14B  is  a  diagram  showing  the  distribution  of 
an  internal  surface  head  transfer  ratio  of  the 
leading  edge  wall  along  the  leading  edge  cool- 
ing  passage  of  the  cooled  gas  turbine  blade; 

5  Fig.  14C  is  a  diagram  showing  the  distribution  of 
an  external  surface  metal  temperature  of  the 
leading  edge  wall  along  the  leading  edge  cool- 
ing  passage  of  the  cooled  gas  turbine  blade; 
and 

io  Fig.  15  is  a  diagram  showing  the  Nusselt  num- 
ber  of  each  surface  of  the  leading  edge  cooling 
passage  of  the  cooled  gas  turbine  blade  in  ac- 
cordance  with  the  existence  and  absence  of  the 
cylindrical  penetrating  members  as  a  function  of 

is  Reynolds  number  as  a  result  of  a  model  heat 
transfer  test. 

Hereinafter,  preferred  embodiments  of  the 
present  invention  will  be  described  with  reference 
to  the  accompanying  drawings. 

20 
Embodiment  1 

Figs.  1  and  2  are  a  longitudinal  sectional  view 
of  a  multipass  convectively  cooled  blade  of  a  gas 

25  turbine  in  accordance  with  the  present  invention 
and  a  transverse  sectional  view  taken  along  line  II  - 
II  of  Fig.  1. 

The  cooled  blade  of  the  gas  turbine  consists  of 
an  unitary  structure  of  a  shank  portion  1  and  a 

30  blade  portion  2  that  are  coupled  integrally  in  the 
direction  of  height  of  the  blade,  and  one  structure 
of  cooling  passage  is  defined  inside  them.  A  cool- 
ing  fluid  3  is  supplied  into  a  blade  root  6  of  the 
blade  portion  2  from  an  inlet  port  4  at  the  root  of 

35  the  shank  portion  1  through  an  introduction  pas- 
sage  5  that  penetrates  through  the  interior  of  the 
unitary  structure. 

The  cooling  passage  inside  the  blade  portion  2 
consists  of  a  leading  edge  cooling  passage  8,  a 

40  first  conversion  passage  10,  a  center  cooling  pas- 
sage  11,  a  second  conversion  passage  12,  a  rear 
half  cooling  passage  13,  and  a  rear  edge  cooling 
passage  15. 

Namely  the  cooling  passage  consists  of  the 
45  leading  edge  cooling  passage  8  that  extends  up- 

ward  in  the  direction  of  height  of  the  blade  at  the 
front  half  portion  of  the  blade  corresponding  to  the 
interior  of  a  blade  leading  edge  7,  the  first  conver- 
sion  passage  10  positioned  inside  a  blade  tip  9,  the 

50  center  cooling  passage  11  extending  downward  in 
the  direction  of  height  of  the  blade  at  the  center 
portion  of  the  blade,  the  second  conversion  pas- 
sage  12  positioned  inside  the  blade  root  6  at  the 
blade  center,  the  rear  half  cooling  passage  13 

55  extending  upward  in  the  direction  of  height  of  the 
blade  at  the  rear  half  portion  of  the  blade  and  the 
rear  edge  cooling  passage  15  branching  continu- 
ously  from  the  intermediate  part  of  the  rear  half 

5 



9 EP  0  230  917  B1 10 

cooling  passage  13  and  communicating  with  a 
blade  rear  edge  14. 

These  passages  8,  10,  11,  12,  13  and  15  are 
communicated  with  one  another  in  order  named. 
The  cooling  fluid  3  flows  through  each  passage  8, 
10,  11,  12,  13  and  15  while  causing  convection  and 
cooling,  and  is  finally  discharged  outside  from  the 
blade  rear  edge  14. 

The  leading  edge  cooling  passage  8  is  formed 
by  a  leading  edge  wall  16,  a  rear  side  wall  17,  a 
body  side  wall  18  and  a  first  internal  partition  19 
that  extends  upward  from  the  shank  portion  1  in 
the  direction  of  height  of  the  blade.  A  plurality  of 
heat  transfer  promotion  ribs  20  are  formed  on  the 
leading  edge  wall  16  and  on  the  inner  surface  in 
the  proximity  of  the  leading  edge  wall  16.  A  plural- 
ity  of  cylindrical  penetrating  members  21  having  a 
uniform  circular  cross-sectional  shape  are  formed 
in  the  proximity  of  the  first  internal  partition  19  with 
both  ends  thereof  being  integrated  with  the  rear 
side  wall  17  and  body  side  wall  18,  in  such  a 
manner  as  to  oppose  the  flow  of  the  cooling  fluid  3. 
The  cylindrical  penetrating  members  21  are  dis- 
posed  inside  the  leading  edge  cooling  passage  8  at 
positions  which  are  closer  to  the  first  internal  parti- 
tion  19  than  to  the  leading  edge  wall  16  in  such  a 
manner  as  to  face  a  flow  of  the  cooling  fluid  3.  The 
heat  transfer  promotion  ribs  20  and  the  cylindrical 
penetrating  members  21  cause  channelling  and 
turbulence  in  the  cooling  fluid  3  and  promote  heat 
transfer. 

The  inner  periphery  of  the  first  conversion  pas- 
sage  10  is  divided  by  the  tip  of  the  first  internal 
partition  19  while  its  outer  periphery  is  divided  by  a 
blade  tip  wall  22.  A  conversion  vane  23  for  rec- 
tification  is  disposed  inside  the  first  conversion 
passage  10.  The  center  cooling  passage  11  is 
formed  by  the  first  internal  partition  19,  the  rear 
side  wall  17  and  body  side  wall  18  and  a  second 
internal  partition  24  extending  downward  in  the 
direction  of  height  of  the  blade  from  the  blade  tip 
wall  22.  A  plurality  of  heat  transfer  promotion  ribs 
25  are  arranged  on  the  inner  surfaces  of  the  rear 
side  wall  17  and  body  side  wall  18.  The  inner 
periphery  of  the  second  conversion  passage  12  is 
formed  by  the  tip  of  the  second  internal  partition  24 
and  its  outer  periphery  and  by  a  root  wall  26  of  the 
first  internal  partition  19. 

The  rear  half  cooling  passage  13  is  formed  by 
the  second  internal  partition  24  and  the  rear  side 
wall  17  and  body  side  wall  18,  and  one  of  its  ends 
communicates  with  the  rear  edge  cooling  passage 
15.  A  plurality  of  heat  transfer  promotion  ribs  27 
are  arranged  on  the  inner  surfaces  of  the  rear  side 
wall  17  and  body  side  wall  18.  The  rear  edge 
cooling  passage  15  is  formed  by  the  rear  side  wall 
17  and  body  side  wall  18  and  a  plurality  of  pin  fins 
28  communicating  body  of  these  rear  side  wall  17 

and  body  side  wall  18  project  into  the  rear  edge 
cooling  passage  15.  An  enhancement  passage  29 
penetrates  through  the  rear  half  portion  of  the 
shank  portion  1  and  communicates  with  the  second 

5  conversion  passage  12.  This  corresponds  to  the 
enhancement  portion  of  a  ceramic  core  when  the 
blade  is  precision-casted.  Its  root  portion  is  sealed 
and  is  not  used  for  the  introduction  of  the  cooling 
fluid  3. 

io  The  leading  edge  cooling  passage  8  is  shown 
in  detail  in  Figs.  3  to  5.  Fig.  3  is  a  partial  perspec- 
tive  view,  and  Figs.  4  and  5  are  partial  transverse 
sectional  views  taken  along  plane  IV  -  IV  and  along 
plane  V  -  V  of  Fig.  3,  respectively.  Fig.  3  shows 

is  only  the  profile  of  the  inner  surface  of  each  wall  in 
order  to  simplify  illustration,  and  the  heat  transfer 
promotion  ribs  20  are  omitted  from  the  drawing. 
The  main  stream  3a  of  the  cooling  fluid  3  increases 
its  convective  cooling  performance  by  the  opera- 

20  tion  of  the  cylindrical  penetrating  members  21  ex- 
tending  or  penetrating  towards  the  first  internal 
partition  19  while  concentrating  channelling  and 
turbulence  on  the  inner  surface  of  the  leading  edge 
wall  16  in  the  following  manner. 

25  In  the  section  of  the  leading  edge  cooling  pas- 
sage  8  in  which  the  cylindrical  penetrating  mem- 
bers  21  shown  in  the  plane  IV  -  IV  are  contained, 
the  main  stream  3a  of  the  cooling  fluid  3  is  guided 
towards  both  sides  by  the  cylindrical  penetrating 

30  members  21.  Since  the  cylindrical  penetrating 
members  21  and  the  first  internal  partition  19  are 
close  to  one  another,  vigorous  channelling  occurs 
from  the  direction  of  the  first  internal  partition  19 
towards  the  direction  of  the  leading  edge  wall  16. 

35  When  channelling  that  flows  towards  the  lead- 
ing  edge  wall  16  describes  an  acute  angle  with 
respect  to  the  center  axis  of  the  cylindrical  pene- 
trating  members  21  on  the  rear  side  wall  17  and  an 
obtuse  angle  on  the  body  side  wall  18  as  shown  in 

40  Fig.  4,  channelling  forms  a  channelling  3b  on  the 
back  side  inside  the  boundary  layer  from  and  along 
the  inner  surface  of  the  rear  side  wall  17  towards 
the  inner  surface  of  the  leading  edge  wall  16. 

A  channelling  3c  on  the  body  side  inside  the 
45  boundary  layer  from  and  along  the  inner  surface  of 

the  body  side  wall  18  and  departing  from  the  inner 
surface  of  the  leading  edge  wall  16,  and  the  chan- 
nelling  3b  on  the  back  side  is  amplified  and  flows 
into  the  inner  surface  of  the  leading  edge  wall  16 

50  which  is  a  recessed  surface. 
In  the  section  of  the  intermediate  passage  of 

the  adjacent  cylindrical  penetrating  members  21  on 
the  plane  V  -  V,  on  the  other  hand,  channelling  is  in 
the  opposite  direction  to  the  above  and  small  due 

55  to  the  main  stream  3a  of  the  cooling  fluid  3.  Since 
a  slip  stream  region  of  a  low  velocity  is  formed 
between  the  cylindrical  penetrating  members  21, 
the  channelling  in  the  opposite  direction  becomes 
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small. 
Accordingly,  the  high  velocity  channelling  3b 

on  the  back  side  along  the  inner  surface  of  the 
leading  edge  wall  16  cannot  change  the  direction, 
swallows  up  the  channelling  3c  on  the  body  side 
nearby  and  causes  large  turbulence  at  that  portion. 
Since  the  channelling  and  turbulence  concentrate 
upon  the  inner  surface  of  the  leading  edge  wall  16 
in  this  manner,  a  large  heat  transfer  promotion 
performance  can  be  obtained.  Turbulence  is  in- 
creased  for  the  other  wall  inner  surfaces  when 
viewed  as  the  passage  as  a  whole,  the  heat  trans- 
fer  promotion  performance  can  be  obtained,  though 
it  is  not  so  great  as  the  heat  transfer  promotion 
performance  on  the  inner  surface  of  the  leading 
edge  wall  16. 

From  Fig.  6  that  shows  the  distribution  of  an 
external  heat  load  on  the  blade  surface  of  the 
turbine  blade  (which  load  is  expressed  as  the  prod- 
uct  of  a  heat  transfer  ratio  on  the  gas  side  and  the 
difference  between  a  gas  temperature  on  the  outer 
surface  and  a  metal  temperature  on  the  outer  sur- 
face),  it  can  be  seen  that  the  external  heat  load  is 
the  greatest  at  the  blade  leading  edge  7  which  is 
the  point  of  stagnation  of  the  high  temperature  gas 
stream  30,  then  on  the  back  side  31  and  the  body 
side  32,  in  order  named. 

Among  the  blade  walls  of  the  leading  edge 
cooling  passage  8,  the  leading  edge  wall  16  has 
the  smallest  radius  of  curvature  and  the  thickness 
of  the  blade  wall  must  be  above  the  minimum 
value  determined  from  strength  and  reliability.  Ac- 
cordingly,  the  ratio  of  the  internal  and  external  heat 
transfer  areas  becomes  the  smallest. 

It  can  be  understood  from  the  description  given 
above  that  the  cooling  performance  required  on 
each  inner  surface  of  the  leading  edge  cooling 
passage  8  is  particularly  great  on  the  leading  edge 
wall  16,  followed  then  by  the  rear  side  wall  17,  the 
body  side  wall  18  and  the  first  internal  partition  19. 
As  to  the  first  internal  partition  19,  the  adjustment 
is  necessary  lest  superheating  occurs  and  thermal 
stress  becomes  too  great. 

Obviously,  the  conditions  described  above  can 
be  satisfied  when  the  present  invention  is  applied 
as  the  heat  transfer  promotion  method,  as  can  be 
understood  from  the  description  of  the  first  embodi- 
ment  of  the  present  invention. 

Accordingly,  it  is  possible  in  accordance  with 
the  first  embodiment  of  the  present  invention  to 
obtain  a  cooling  passage  structure  which  improves 
the  cooling  performance  of  the  leading  edge  cool- 
ing  passage  8  of  the  multipass  convectively  cooled 
blade  for  the  gas  turbine  and  particularly,  makes  it 
possible  to  attain  the  effective  cooling  performance 
of  the  inner  surface  of  the  leading  edge  wall  16. 

Embodiment  2 

Fig.  7  is  a  partial  transverse  sectional  view  of 
the  leading  edge  cooling  passage  of  the  gas  tur- 

5  bine  cooled  blade  equipped  with  columnar  projec- 
ting  members  33  as  a  second  embodiment  of  the 
present  invention. 

In  the  second  embodiment  shown  in  Fig.  7,  the 
columnar  projecting  members  33  having  an  uniform 

io  elliptic  cross-sectional  shape  are  fixed  to  the  body 
side  wall  18  and  project  towards  the  rear  side  wall 
17.  The  columnar  projecting  members  33  are  dis- 
posed  inside  the  leading  edge  cooling  passage  8  at 
positions  which  are  closer  to  the  first  internal  parti- 

es  tion  19  than  to  the  leading  edge  wall  16  in  such  a 
manner  as  to  face  a  flow  of  the  cooling  fluid  3. 

Since  the  columnar  projecting  members  33  are 
not  the  cylindrical  penetrating  members  21  of  the 
first  embodiment  of  the  present  invention  that  con- 

20  nects  the  rear  side  wall  17  and  the  body  side  wall 
18,  the  magnitude  and  direction  of  the  channelling 
of  the  main  stream  3a  of  the  cooling  fluid  3  some 
what  change  from  those  of  the  first  embodiment  of 
the  present  invention,  but  the  performance  en- 

25  hancement  of  the  convective  cooling  performance 
due  to  the  concentration  of  the  channelling  and 
turbulence  on  the  inner  surface  of  the  leading  edge 
wall  16  is  the  same. 

30  Embodiment  3 

Fig.  8  is  a  partial  transverse  sectional  view  of 
the  leading  edge  cooling  passage  of  the  gas  tur- 
bine  cooled  blade  equipped  with  two  columnar 

35  projecting  members  34A  and  34B  as  a  third  em- 
bodiment  of  the  present  invention. 

In  the  third  embodiment  shown  in  Fig.  8,  a 
columnar  projecting  members  34A  having  an  uni- 
form  elliptic  cross-sectional  shape  projects  from 

40  the  body  side  wall  18  close  to  the  opposed  surface 
of  the  rear  side  wall  17  and  another  columnar 
projecting  members  34B  having  an  uniform  elliptic 
cross-sectional  shape  projects  from  the  rear  side 
wall  17  close  to  the  opposed  surface  of  the  body 

45  side  wall  18.  The  columnar  projecting  members 
34A  are  disposed  inside  the  leading  edge  cooling 
passage  8  at  positions  which  are  closer  to  the  first 
internal  partition  19  than  to  the  leading  edge  wall 
16  in  such  a  manner  as  to  face  a  flow  of  the 

50  cooling  fluid  3. 
Since  these  columnar  projecting  members  34A 

and  34B  are  not  the  cylindrical  penetrating  mem- 
bers  21  of  the  first  embodiment  of  the  present 
invention  that  connects  the  rear  side  wall  17  and 

55  body  side  wall  18,  the  magnitude  and  direction  of 
the  channelling  of  the  main  stream  3a  of  the  cool- 
ing  fluid  3  some  what  change  from  those  of  the 
first  embodiment  of  the  present  invention,  but  the 
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enhancement  performance  of  the  convective  cool- 
ing  performance  due  to  the  concentration  of  the 
channelling  and  turbulence  on  the  inner  surface  of 
the  leading  edge  wall  16  is  the  same. 

Embodiment  4 

Fig.  9  shows  a  fourth  embodiment  of  the 
present  invention,  and  is  a  partial  longitudinal  sec- 
tional  view  of  the  leading  edge  cooling  passage  8 
of  the  gas  turbine  cooled  blade. 

In  Fig.  9,  a  plurality  of  cylindrical  penetrating 
members  35  having  a  uniform  circular  cross-sec- 
tional  shape  are  shown  disposed  penetratingly.  The 
cylindrical  penetrating  members  35  are  disposed 
inside  the  leading  edge  cooling  passage  8  at  posi- 
tions  which  are  closer  to  the  first  internal  partition 
19  than  to  the  leading  edge  wall  16  in  such  a 
manner  as  to  face  a  flow  of  the  cooling  fluid  3. 

A  plurality  of  rectification  ribs  36  are  formed  on 
the  surface  of  the  first  internal  partition  19.  These 
rectification  ribs  36  are  disposed  on  the  surface  of 
the  internal  partition  19  corresponding  to  the  inter- 
mediate  positions  of  the  adjacent  cylindrical  pene- 
trating  members  35  and  decrease  the  channelling 
of  the  main  stream  3a  of  the  cooling  fluid  3  due  to 
the  cylindrical  penetrating  member  35  in  the  direc- 
tion  towards  the  first  internal  partition  19. 

As  a  result,  the  channelling  of  the  main  stream 
3a  of  the  cooling  fluid  3  increases  in  the  direction 
towards  the  leading  edge  wall  16,  the  convective 
cooling  performance  of  the  inner  surface  of  the 
leading  edge  wall  16  is  improved  eventually  and 
the  heat  transfer  promotion  of  the  first  internal 
partition  19  is  restricted.  Moreover,  supercooling  of 
the  first  internal  partition  19,  which  has  smaller  heat 
load  than  the  other  blade  walls,  can  be  prevented. 

Embodiment  5 

Fig.  10  shows  a  fifth  embodiment  of  the 
present  invention  and  is  a  partial  longitudinal  sec- 
tional  view  of  the  leading  edge  cooling  passage  8 
when  the  cylindrical  penetrating  members  37  have 
the  blade-like  cross-sectional  shape.  The  leading 
edge  cooling  passage  8  of  the  gas  turbine  cooled 
blade  whose  cylindrical  penetrating  members  37 
have  a  blade-like  cross-sectional  shape.  The  cylin- 
drical  penetrating  members  37  are  disposed  inside 
the  leading  edge  cooling  passage  8  at  positions 
which  are  closer  to  the  first  internal  partition  19 
than  to  the  leading  edge  wall  16  in  such  a  manner 
as  to  face  a  flow  of  the  cooling  fluid  3. 

In  the  fifth  embodiment  shown  in  Fig.  10,  each 
cylindrical  penetrating  members  37  having  the 
blade-like  cross-sectional  shape  is  disposed  slan- 
tingly  in  such  a  manner  as  to  guide  the  main 
stream  3a  of  the  cooling  fluid  3  toward  the  leading 

edge  wall  16,  so  that  the  channelling  of  the  main 
stream  3a  of  the  cooling  fluid  3  occurs  more  great- 
ly  in  the  direction  of  the  leading  edge  wall  16  than 
in  the  direction  of  the  first  internal  partition  19. 

5  Therefore,  in  the  same  way  as  in  the  fourth 
embodiment  of  the  present  invention,  the  convec- 
tive  cooling  performance  of  the  inner  surface  of  the 
leading  edge  wall  16  is  improved  and  supercooling 
of  the  first  internal  partition  19  can  be  prevented. 

10 
Embodiment  6 

Figs.  11  and  12  show  a  sixth  embodiment  of 
the  present  invention.  Fig.  11  is  a  partial  longitudi- 

15  nal  sectional  view  of  the  leading  edge  cooling  pas- 
sage  8  when  the  cylindrical  penetrating  member  38 
have  an  elliptic  cross-sectional  shape  having  a 
varying  size.  Fig.  12  is  a  partial  transverse  sec- 
tional  view  taken  along  line  XII  -  XII  of  Fig.  11.  The 

20  leading  edge  cooling  passage  8  of  the  gas  turbine 
cooled  blade  whose  cylindrical  penetrating  mem- 
bers  38  have  a  blade-like  cross-sectional  shape 
and  cross-sections  having  varying  sizes.  The  cylin- 
drical  penetrating  members  38  are  disposed  inside 

25  the  leading  edge  cooling  passage  8  at  positions 
which  are  closer  to  the  first  internal  partition  19 
than  to  the  leading  edge  wall  16  in  such  a  manner 
as  to  face  a  flow  of  the  cooling  fluid  3. 

In  the  sixth  embodiment  shown  in  Figs.  11  and 
30  12,  the  cross-sectional  shape  of  the  cylindrical  pen- 

etrating  members  38  increases  progressively  to- 
wards  the  rear  side  wall  17,  so  that  the  channelling 
of  the  main  stream  3a  of  the  cooling  fluid  3  in  the 
direction  of  the  leading  edge  wall  16  becomes 

35  greater  towards  the  rear  side.  As  a  result,  the 
channelling  3b  on  the  rear  side  becomes  great  and 
the  concentration  of  the  channelling  and  turbulence 
on  the  inner  surface  of  the  leading  edge  wall  16  is 
more  likely  to  occur,  so  that  the  cooling  perfor- 

40  mance  at  this  portion  is  enhanced. 

Embodiment  7 

Fig.  13  is  a  longitudinal  sectional  view  of  the 
45  gas  turbine  cooled  blade  in  accordance  with  a 

seventh  embodiment  of  the  present  invention.  In 
the  seventh  embodiment  shown  in  Fig.  13,  the 
cross-sectional  sizes  of  the  cylindrical  penetrating 
members  39  having  an  uniform  circular  cross-sec- 

50  tional  shape  change  in  the  direction  of  the  blade 
height  and  become  maximal  at  the  center.  The 
cylindrical  penetrating  members  39  are  disposed 
inside  the  leading  edge  cooling  passage  8  at  posi- 
tions  which  are  closer  to  the  first  internal  partition 

55  19  than  to  the  leading  edge  wall  16  in  such  a 
manner  as  to  face  a  flow  of  the  cooling  fluid  3. 

Accordingly,  the  degree  of  the  channelling  3'  of 
the  cooling  fluid  3  becomes  great  at  the  center  in 

8 
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the  direction  of  the  blade  height,  and  the  cooling 
performance  of  the  inner  surface  of  the  leading 
edge  wall  16  exhibits  the  same  distribution. 

Figs.  14A,  14B  and  14C  are  diagrams  showing 
the  distribution  of  each  of  the  outer  surface  gas 
temperature,  the  inner  surface  heat  transfer  ratio 
and  outer  surface  metal  temperature  of  the  leading 
(front)  edge  wall  16  along  the  leading  (front)  edge 
cooling  passage  8  corresponding  to  the  seventh 
embodiment  shown  in  Fig.  13,  respectively. 

The  gas  temperature  curve  Ci  on  the  external 
surface  of  the  blade  leading  edge  in  the  direction 
of  blade  height  tends  to  become  higher  at  the 
center  than  at  the  blade  tip  9  and  the  blade  root  6, 
as  shown  in  Fig.  14A.  The  adjustment  is  preferably 
made  so  that  the  cooling  performance  of  the  inner 
surface  of  the  leading  edge  cooling  passage  8 
becomes  maximal  at  the  center  in  the  direction  of 
blade  height  in  order  to  make  the  blade  wall  tem- 
perature  uniform. 

When  the  seventh  embodiment  shown  in  Fig. 
13  is  applied,  the  heat  transfer  ratio  curve  C2  of  the 
inner  surface  of  the  leading  edge  wall  16,  that  is, 
the  cooling  performance,  has  the  distribution  de- 
scribed  above,  as  represented  by  one-dot-chain 
line  of  Fig.  14B,  while  the  heat  transfer  ratio  curve 
C3  of  the  inner  surface  of  the  leading  edge  wall  16 
having  no  cylindrical  penetrating  members  shows 
as  represented  by  dash  lines. 

The  outer  surface  temperature  curve  of  the 
leading  edge  shown  on  Fig.  14C  has  an  almost 
uniform  distribution  which  increases  progressively 
in  the  direction  of  blade  height.  The  diagrams 
shown  in  Figs.  14B  and  14C  show  also  the  heat 
transfer  ratio  distribution  C3  and  the  outer  surface 
temperature  distribution  C5  by  dash  lines  when  the 
cylindrical  penetrating  members  are  not  disposed. 

It  can  be  understood  from  the  diagrams  that 
the  present  invention  can  optimize  the  cooling  per- 
formance  in  the  section  of  the  leading  edge  cooling 
passage  8,  and  the  cooling  performance  in  the 
direction  of  blade  height  exhibits  a  desirable  ten- 
dency. 

Fig.  15  shows  the  result  of  actual  measurement 
of  the  difference  of  Nusselt  number  of  each  surface 
of  the  leading  edge  cooling  passage  8,  due  to  the 
existence  and  absence  of  the  cylindrical  penetrat- 
ing  members,  as  a  function  of  the  Reynolds  num- 
ber  of  the  cooling  passage  by  a  model  heat  trans- 
fer  test. 

In  Fig.  15,  the  diagram  (A1  ,  A2,  A3)  shows  in 
the  inner  surface  of  the  leading  edge  wall  and  the 
diagram  (B1  ,  B2,  B3)  shows  in  the  inner  surface  of 
the  internal  partition  wall,  respectively. 

The  diagram  of  Fig.  15  shows  the  Nusselt 
numbers  corresponding  to  the  cooling  performance 
of  the  inner  surfaces  of  the  leading  edge  wall  and 
the  first  internal  partition  in  the  case  (A1  ,  B1  )  where 

no  cylindrical  penetrating  members  exists  but  only 
the  heat  transfer  promotion  ribs  are  disposed,  in 
comparison  with  the  case  (A2,  B2)  where  the  cylin- 
drical  penetrating  members  having  the  circular 

5  cross-sectional  shape  and  the  rectification  ribs  on 
the  first  internal  partition  are  disposed  in  combina- 
tion  and  the  case  (A3,  B3)  where  the  cylindrical 
penetrating  members  having  the  elliptic  cross-sec- 
tional  shape  and  the  rectification  ribs  on  the  first 

10  internal  partition  are  disposed  in  combination. 
In  comparison  with  the  case  (A1)  where  no 

cylindrical  penetrating  members  are  disposed, 
when  the  case  (A2,  A3)  where  the  cylindrical  pene- 
trating  members  are  disposed,  Nusselt  number  in- 

15  creases  by  about  200  on  the  inner  surface  of  the 
leading  edge  wall  and  about  100  on  the  inner 
surface  of  the  first  internal  partition,  and  their  ratio 
increases  to  2  :  1  . 

When  the  case  (A2,  B2)  where  the  cylindrical 
20  penetrating  members  have  the  elliptic  cross-sec- 

tional  shape,  the  ratio  of  the  inner  surface  of  the 
leading  edge  wall  to  the  inner  surface  of  the  first 
internal  partition  becomes  greater  than  when  the 
case  (A3,  B3)  where  the  cylindrical  penetrating 

25  members  have  the  circular  cross-sectional  shape.  It 
can  be  thus  understood  that  enhancement  of  cool- 
ing  of  the  leading  edge  wall  and  prevention  of 
supercooling  of  the  first  internal  partition  are  si- 
multaneously  satisfied  and  the  cooling  performance 

30  of  the  leading  edge  cooling  passage  can  be  im- 
proved  more  effectively. 

In  the  test  cooled  blade  of  the  gas  turbine 
described  above,  the  proportion  of  each  portion  to 
the  transverse  sectional  area  of  the  leading  edge 

35  cooling  passage  is  to  set  30  %  for  the  cylindrical 
members,  20  %  for  the  portion  of  the  passage 
close  to  the  first  internal  partition  and  50  %  for  the 
portion  of  the  passage  close  to  the  leading  edge 
wall.  It  is  assumed  from  the  result  described  above 

40  that  the  suitable  ranges  of  the  ratios  are  to  set  20 
to  50  %,  up  to  20  %  and  30  to  60  %,  respectively, 
in  order  to  improve  the  cooling  performance. 

In  the  case  of  the  columnar  projecting  mem- 
bers,  its  length  is  such  that  the  columnar  projecting 

45  members  can  interface  the  main  stream  of  the 
cooling  fluid,  and  must  be  to  set  at  least  50  %  of 
the  distance  to  the  opposed  surface. 

Claims 
50 

1.  A  cooled  gas  turbine  blade  having  a  cooling 
passage  (8)  of  an  internal  convective  cooling 
arrangement  which  is  defined  by  a  leading 
edge  wall  (16),  a  rear  side  wall  (17)  and  a  body 

55  side  wall  (18)  of  a  blade  leading  edge  region,  a 
first  internal  partition  (19)  and  a  plurality  of 
extending  members  (21,  33,  34A,  34B,  35,  37, 
38,  39)  disposed  inside  said  cooling  passage 
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(8)  and  extending  from  at  least  one  of  said  rear 
side  wall  (17)  and  said  body  side  wall  (18)  over 
at  least  50  %  of  the  distance  between  said  rear 
side  wall  (17)  and  said  body  side  wall  (18) 
facing  a  flow  of  a  cooling  fluid  (3), 
characterized  in  that 
said  extending  members  (21  ,  33,  34A,  34B,  35, 
37,  38,  39)  are  arranged  along  a  line  parallel  to 
said  first  internal  partition  (19)  and  are  posi- 
tioned  closer  to  said  first  internal  partition  (19) 
than  to  said  leading  edge  wall  (16)  in  the 
proximity  of  said  first  internal  partition  (19)  over 
the  whole  height  of  said  first  internal  partition 
(19)  in  such  a  manner  so  as  to  oppose  the  flow 
of  said  cooling  fluid  (3),  thereby  concentrating 
channelling  and  turbulence  of  a  main  stream 
(3a)  of  said  cooling  fluid  (3)  upon  an  inner 
surface  of  said  leading  edge  wall  (16). 

2.  A  cooled  gas  turbine  blade  according  to  claim 
1,  characterized  in  that  said  extending  mem- 
bers  are  penetrating  members  (21,  35,  37,  38, 
39),  each  of  which  having  both  ends  thereof 
fixed  to  said  rear  side  wall  (17)  and  said  body 
side  wall  (18). 

3.  A  cooled  gas  turbine  blade  according  to  claim 
1,  characterized  in  that  said  extending  mem- 
bers  are  projecting  members  (33,  34A,  34B), 
that  project  from  at  least  one  of  said  rear  side 
wall  (17)  or  said  body  side  wall  (18),  and 
having  one  of  the  ends  thereof  fixed  to  said 
rear  side  wall  (17)  or  said  body  side  wall  (18). 

4.  A  cooled  gas  turbine  blade  according  to  claim 
3,  characterized  in  that  the  projecting  members 
(33)  project  from  said  body  side  wall  (18)  and 
have  one  of  the  ends  thereof  fixed  to  said 
body  side  wall  (18). 

5.  A  cooled  gas  turbine  blade  according  to  claim 
3,  characterized  in  that  said  projection  mem- 
bers  (34A,  34B)  project  from  both  of  said  rear 
side  wall  (17)  and  said  body  side  wall  (18)  and 
have  one  of  the  ends  thereof  fixed  to  said  rear 
side  wall  (17)  or  said  body  side  wall  (18), 
respectively. 

6.  A  cooled  gas  turbine  blade  according  to  claim 
2,  characterized  in  that  said  penetrating  mem- 
bers  (21,  35,  37,  38)  have  either  a  circular  or 
an  elliptic  cross-sectional  cylindrical  shape. 

7.  A  cooled  gas  turbine  blade  according  to  claim 
2,  characterized  in  that  said  penetrating  mem- 
bers  (21  ,  35,  37,  38)  have  either  an  elliptic  or  a 
blade-like  cross-sectional  cylindrical  shape, 
and  are  disposed  slantingly  to  guide  the  flow 

of  said  cooling  fluid  (3)  to  said  leading  edge 
wall  (16). 

8.  A  cooled  gas  turbine  blade  according  to  claim 
5  3,  characterized  in  that  said  projecting  member 

(33,  34A,  34B)  has  either  a  circular  or  an 
elliptic  cross-sectional  columnar  shape. 

9.  A  cooled  gas  turbine  blade  according  to  claim 
io  3,  characterized  in  that  said  projecting  member 

(33,  34A,  34B)  has  either  an  elliptic  or  a  blade- 
like  cross-sectional  columnar  shape,  and  is 
disposed  slantingly  to  guide  the  flow  of  said 
cooling  fluid  (3)  to  said  leading  edge  wall  (16). 

15 
10.  A  cooled  gas  turbine  blade  according  to  claim 

2,  characterized  in  that  the  cross-sectional  size 
of  said  penetrating  members  (39)  changes 
such  that  the  cross-sectional  size  becomes 

20  maximal  at  the  center  and  smaller  at  the  ends 
in  the  direction  of  blade  height. 

11.  A  cooled  gas  turbine  blade  according  to  claim 
2,  characterized  in  that  the  transverse  cross- 

25  sectional  area  of  said  penetrating  members 
(21  ,  35,  37,  38,  39)  is  from  20  %  to  50  %  of 
the  transverse  cross-sectional  area  of  said 
cooling  passage  (8),  and  the  transverse  cross- 
sectional  area  of  the  portion  of  said  cooling 

30  passage  (8)  between  said  penetrating  mem- 
bers  (21  ,  35,  37,  38,  39)  and  said  first  internal 
partition  (19)  is  up  to  20  %  of  the  transverse 
cross-sectional  area  of  said  cooling  passage 
(8). 

35 
12.  A  cooled  gas  turbine  blade  according  to  claim 

2,  characterized  in  comprising  a  plurality  of 
rectification  ribs  (36)  being  disposed  at  posi- 
tions  in  an  area  adjacent  and  between  said 

40  penetrating  members  (21,  35,  37,  38,  39)  and 
adjacent  to  one  another  on  a  surface  of  said 
first  internal  partition  (19)  and  extending  from 
said  rear  side  wall  (17). 

45  13.  A  cooled  gas  turbine  blade  according  to  claim 
3,  characterized  in  comprising  a  plurality  of 
rectification  ribs  (36)  disposed  at  positions  in 
an  area  adjacent  and  between  said  projecting 
members  (33,  34A,  34B)  and  adjacent  to  one 

50  another  on  a  surface  of  said  first  internal  parti- 
tion  (19)  and  extending  from  said  rear  side  wall 
(17). 

Patentanspruche 
55 

1.  Gekuhlte  Gasturbinenschaufel  mit  einem  Kuhl- 
kanal  (8)  einer  inneren  konvektiven  Kuhlanord- 
nung,  der  durch  eine  Vorderkantenwand  (16), 
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eine  Ruckseitenwand  (17)  und  eine  Korpersei- 
tenwand  (18)  des  Blattvorderkantenbereichs 
gebildet  wird,  einer  ersten  inneren  Trennwand 
(19)  und  mehreren  sich  erstreckenden  Bautei- 
len  (21,  33,  34A,  34B,  35,  37,  38,  39),  die  im 
Kuhlkanal  (8)  angeordnet  sind  und  die  sich 
zumindest  entweder  von  der  Ruckseitenwand 
(17)  oder  von  der  Korperseitenwand  (18)  uber 
zumindest  50  %  des  Abstands  zwischen  der 
Ruckseitenwand  (17)  und  der  Korperseiten- 
wand  (18)  erstrecken  und  die  dem  FluB  eines 
Kuhlfluids  (3)  ausgesetzt  sind, 
dadurch  gekennzeichnet,  daB 
die  sich  erstreckenden  Bauteile  (21,  33,  34A, 
34B,  35,  37,  38,  39)  langs  einer  Linie  angeord- 
net  sind,  die  parallel  zur  ersten  inneren  Trenn- 
wand  (19)  lauft  und  naher  an  der  ersten  inne- 
ren  Trennwand  (19)  als  an  der  Vorderkanten- 
wand  (16)  in  der  Nahe  der  ersten  inneren 
Trennwand  (19)  uber  die  gesamte  Hohe  der 
ersten  inneren  Trennwand  (19)  in  der  Weise 
angeordnet  sind,  daB  sie  dem  FluB  des  Kuhl- 
fluids  (3)  Widerstand  entgegensetzen,  wodurch 
sie  die  Kanalisierung  und  die  Verwirbelung  des 
Hauptstroms  (3a)  des  Kuhlfluids  (3)  auf  die 
innere  Oberflache  der  Vorderkantenwand  (16) 
hin  konzentrieren. 

2.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
1, 
dadurch  gekennzeichnet,  daB 
die  sich  erstreckenen  Bauteile  durchstoBende 
Bauteile  (21,  35,  37,  38,  39)  sind,  von  denen 
jedes  mit  beiden  seinen  Enden  an  der  Ruck- 
seitenwand  (17)  und  der  Korperseitenwand 
(1  8)  befestigt  ist. 

3.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
1, 
dadurch  gekennzeichnet,  daB 
die  sich  erstreckenden  Bauteile  hervorstehen- 
de  Bauteile  (33,  34A,  34B)  sind,  die  zumindest 
entweder  von  der  Ruckseitenwand  (17)  oder 
der  Korperseitenwand  (18)  hervorstehen  und 
deren  eines  Ende  an  der  Ruckseitenwand  (17) 
oder  an  der  Korperseitenwand  (18)  befestigt 
ist. 

4.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
3, 
dadurch  gekennzeichnet,  daB 
die  hervorstehenden  Bauteile  (33)  ausgehend 
von  der  Korperseitenwand  (18)  hervorstehen 
und  mit  einem  ihrer  Enden  an  der  Korpersei- 
tenwand  (18)  befestigt  sind. 

5.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
3, 

dadurch  gekennzeichnet,  daB 
die  hervorstehenden  Bauteile  (34A,  34B)  so- 
wohl  ausgehend  von  der  Ruckseitenwand  (17) 
als  auch  ausgehend  von  der  Korperseitenwand 

5  (18)  hervorstehen  und  daB  sie  jeweils  mit  ei- 
nem  ihrer  Enden  entweder  an  der  Ruckseiten- 
wand  (17)  oder  Korperseitenwand  (18)  befe- 
stigt  sind. 

io  6.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
2, 
dadurch  gekennzeichnet,  daB 
die  durchstoBenden  Bauteile  (21,  35,  37,  38) 
eine  zylindrische  und  im  Querschnitt  entweder 

is  kreisformige  oder  elliptische  Form  haben. 

7.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
2, 
dadurch  gekennzeichnet,  daB 

20  die  durchstoBenden  Bauteile  (21,  35,  37,  38) 
eine  zylindrische  und  im  Querschnitt  entweder 
elliptische  oder  schaufelartige  Form  haben  und 
schrag  angeordnet  sind,  urn  den  FluB  des 
Kuhlfluids  (3)  zur  Vorderkantenwand  (16)  hin 

25  zu  leiten. 

8.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
3, 
dadurch  gekennzeichnet,  daB 

30  das  hervorstehende  Bauteil  (33,  34A,  34B)  eine 
saulenformige  und  im  Querschnitt  entweder 
kreisformige  oder  elliptische  Form  hat. 

9.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
35  3, 

dadurch  gekennzeichnet,  daB 
das  hervorstehende  Bauteil  (33,  34A,  34B)  eine 
saulenformige  und  im  Querschnitt  entweder 
elliptische  oder  schaufelartige  Form  hat  und 

40  schrag  angeordnet  ist,  urn  den  FluB  des  Kuhl- 
fluids  (3)  auf  die  Vorderkantenwand  (16)  zu 
leiten. 

10.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
45  2, 

dadurch  gekennzeichnet,  daB 
sich  die  QuerschnittsgroBe  der  durchstoBen- 
den  Bauteile  (39)  derart  andert,  daB  die  Quer- 
schnittsgroBe  in  der  Mitte  maximal  und  zu  den 

50  Enden  in  Richtung  der  Schaufelhohe  hin  klei- 
ner  wird. 

11.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
2, 

55  dadurch  gekennzeichnet,  daB 
die  querliegende  Querschnittsflache  der  durch- 
stoBenden  Bauteile  (21,  35,  37,  38,  39)  zwi- 
schen  20  %  und  50  %  der  querliegenden 
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Querschnittsflache  des  Kuhlkanals  (8)  liegt, 
und  daB  die  querliegende  Querschnittsflache 
des  Bereichs  des  Kuhlkanals  (8)  zwischen  den 
durchstoBenden  Bauteilen  (21,  35,  37,  38,  39) 
und  der  ersten  inneren  Trennwand  (19)  bis  zu 
20  %  der  querliegenden  Querschnittsflache 
des  Kuhlkanals  (8)  ist. 

12.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
2, 
dadurch  gekennzeichnet,  daB 
sie  mehrere  Ausrichtungsrippen  (36)  aufweist, 
die  an  Positionen  angebracht  sind,  die  in  einer 
Flache  liegen,  die  in  der  Nahe  und  zwischen 
den  durchstoBenden  Bauteilen  (21,  35,  37,  38, 
39)  und  aneinandergrenzend  auf  der  Oberfla- 
che  der  ersten  inneren  Trennwand  (19)  liegt, 
und  die  sich  von  der  Ruckseitenwand  (17)  her 
erstrecken. 

13.  Gekuhlte  Gasturbinenschaufel  nach  Anspruch 
3, 
dadurch  gekennzeichnet,  daB 
sie  mehrere  Ausrichtungsrippen  (36)  aufweist, 
die  an  Positionen  angebracht  sind,  die  in  einer 
Flache  liegen,  die  in  der  Nahe  und  zwischen 
den  hervorstehenden  Bauteilen  (33,  34A,  34B) 
und  aneinandergrenzend  an  der  Oberflache 
der  ersten  inneren  Trennwand  (19)  liegt,  und 
die  sich  von  der  Ruckseitenwand  (17)  her  er- 
strecken. 

Revendicatlons 

1.  Ailette  refroidie  de  turbine  a  gaz,  kayant  un 
passage  de  refroidissement  (8)  d'un  ensemble 
interne  de  refroidissement  par  convection  qui 
est  delimite  par  une  paroi  (16)  de  bord  d'atta- 
que,  une  paroi  (17)  de  face  arriere  et  une  paroi 
(18)  de  cote  de  corps  d'une  region  de  bord 
d'attaque  d'ailette,  une  premiere  cloison  inter- 
ne  (19)  et  plusieurs  organes  (21,  33,  34A,  34B, 
35,  37,  38,  39)  disposes  a  I'interieur  du  passa- 
ge  de  refroidissement  (8)  et  depassant  de 
I'une  au  moins  des  parois  arriere  (17)  et  de 
corps  (18)  sur  50  %  au  moins  de  la  distance 
comprise  entre  la  paroi  arriere  (17)  et  la  paroi 
de  corps  (18)  tournees  vers  un  courant  de 
fluide  de  refroidissement  (3), 

caracterisee  en  ce  que  les  organes  (21, 
33,  34A,  34B,  35,  37,  38,  39)  sont  places 
suivant  un  axe  parallele  a  la  premiere  cloison 
interne  (19)  et  sont  disposes  plus  pres  de  la 
premiere  cloison  interne  (19)  que  de  la  paroi 
de  bord  d'attaque  (16)  a  proximite  de  la  pre- 
miere  cloison  interne  (19)  sur  tout  la  hauteur 
de  la  premiere  cloison  interne  (19)  de  maniere 
qu'ils  s'opposent  a  I'ecoulement  du  fluide  de 

refroidissement  (3)  et  concentrent  ainsi  la  ca- 
nalisation  et  la  turbulence  d'un  courant  princi- 
pal  (3a)  de  fluide  de  refroidissement  (3)  a  la 
surface  interne  de  la  paroi  (16)  de  bord  d'atta- 

5  que. 

2.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  1,  caracterisee  en  ce  que  lesdits 
organes  sont  des  organes  de  penetration  (21, 

w  35,  37,  38,  39)  ayant  chacun  deux  extremites 
fixees  a  la  paroi  arriere  (17)  et  a  la  paroi  de 
corps  (18). 

3.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
15  vendication  1,  caracterisee  en  ce  que  lesdits 

organes  sont  des  organes  (33,  34A,  34B)  qui 
depassent  au  moins  de  la  paroi  arriere  (17)  ou 
de  la  paroi  de  corps  (18)  et  ayant  I'une  de 
leurs  extremites  fixee  a  la  paroi  arriere  (17)  ou 

20  a  la  paroi  de  corps  (18). 

4.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  3,  caracterisee  en  ce  que  les  orga- 
nes  (33)  depassent  de  la  paroi  de  corps  (18)  et 

25  ont  I'une  de  leurs  extremites  qui  est  fixee  a  la 
paroi  de  corps  (18). 

5.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  3,  caracterisee  en  ce  que  les  orga- 

30  nes  (34A,  34B)  depassent  a  la  fois  de  la  paroi 
arriere  (17)  et  de  la  paroi  de  corps  (18)  et  ont 
une  de  leurs  extremites  fixee  a  la  paroi  arriere 
(17)  ou  a  la  paroi  de  corps  (18)  respective- 
ment. 

35 
6.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 

vendication  2,  caracterisee  en  ce  que  les  orga- 
nes  (21  ,  35,  37,  38)  ont  une  configuration  cylin- 
drique  de  section  circulaire  ou  elliptique. 

40 
7.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 

vendication  2,  caracterisee  en  ce  que  les  orga- 
nes  de  penetration  (21,  35,  37,  38)  ont  une 
forme  cylindrique  de  section  elliptique  ou  ana- 

45  logue  a  une  ailette,  et  sont  disposes  sous 
forme  inclinee  afin  qu'ils  guident  le  courant  du 
fluide  de  refroidissement  (3)  vers  la  paroi  de 
bord  d'attaque  (16). 

50  8.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  3,  caracterisee  en  ce  que  I'organe 
(33,  34A,  34A)  qui  depasse  a  une  configuration 
de  colonne  de  section  circulaire  ou  elliptique. 

55  9.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  3,  caracterisee  en  ce  que  I'organe 
qui  depasse  (33,  34A,  34B)  a  une  configuration 
de  colonne  de  section  elliptique  ou  en  forme 
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d'ailette,  et  est  dispose  de  maniere  inclinee 
afin  qu'il  guide  le  courant  du  fluide  de  refroi- 
dissement  (3)  vers  la  paroi  de  bord  d'attaque 
(16). 

5 
10.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 

vendication  2,  caracterisee  en  ce  que  la  di- 
mension  en  coupe  des  organes  de  penetration 
(39)  varie  de  maniere  que  la  dimension  en 
coupe  soit  maximale  au  centre  et  plus  petite  10 
aux  extremites  dans  la  direction  de  la  hauteur 
de  I'ailette. 

11.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 
vendication  2,  caracterisee  en  ce  que  la  sec-  is 
tion  transversale  des  organes  de  penetration 
(21  ,  35,  37,  38,  39)  est  comprise  entre  20  et  50 
%  de  la  section  transversale  du  passage  de 
refroidissement  (8),  et  la  section  transversale 
de  la  partie  de  passage  de  refroidissement  (8)  20 
comprise  entre  les  organes  de  penetration  (21  , 
35,  37,  38,  39)  et  la  premiere  cloison  interne 
(19)  peut  atteindre  20  %  de  la  section  trans- 
versale  du  passage  de  refroidissement  (8). 

25 
12.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 

vendication  2,  caracterisee  en  ce  qu'elle  com- 
prend  plusieurs  nervures  (36)  de  redressement 
disposees  a  des  emplacements  compris  dans 
une  zone  adjacente  aux  organes  de  penetra-  30 
tion  (21,  35,  37,  38,  39)  et  entre  ces  organes, 
et  adjacentes  les  unes  aux  autres  sur  une 
surface  de  la  premiere  cloison  interne  (19)  et 
depassant  de  la  paroi  arriere  (17). 

35 
13.  Ailette  refroidie  de  turbine  a  gaz  selon  la  re- 

vendication  3,  caracterisee  en  ce  qu'elle  com- 
prend  plusieurs  nervures  (36)  de  redressement 
occupant  des  positions  qui  se  trouvent  dans 
une  zone  adjacente  aux  organes  qui  depassent  40 
(33,  34A,  34B)  et  entre  ces  organes,  et  adja- 
centes  les  unes  aux  autres  sur  une  surface  de 
la  premiere  cloison  interne  (19)  et  depassant 
de  la  paroi  arriere  (17). 
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