
INTEGRAL SWIRL KNIFE EDGE INJECTION ASSEMBLY BACKGROUND OF THE INVENTION
The present invention relates to a system for delivering  cooling air to a
seal arrangement in a turbine stage of a gas  turbine engine. Many gas
turbine engines have a second stage turbine stator  vane assembly disposed
between rotors. The stator vane assembly  includes a plurality of stator
vane segments collectively forming an annular structure. A seal ring,
located radially  inside of the inner platforms of the stator vane
segments, is  used to maintain a pressure difference between a first
annular  region adjacent the first stage rotor and a second annular  region
adjacent the second stage rotor. The seal ring includes  an outer flange
and an inner flange. The outer flange includes  splines to prevent rotation
and an abradable bearing pad. A  honeycomb pad is attached to the inner
flange for use with knife  edge seals. The splines disposed in the outer
flange are  slidably received, in an axial direction, within inner mounting
flanges extending below the inner platforms. Hooks, extending  out from the
outer flange, limit the axial travel of the seal  ring relative to the
inner mounting flanges. The pressure  difference between the first annular
region adjacent the first  rotor stage and the second annular region
adjacent the second  stage rotor forces the abradable bearing pad of the
seal ring  into contact with the aft arm of the inner mounting flanges.
Such a seal arrangement is shown in U.S. Patent No. 5,785,492 to  Belsom et
al., which is hereby incorporated by reference herein. 



In certain turbines, the rotor seals have a life shortfall.  This is
because a vane is used to supply cooling air to the  cavity adjacent the
high pressure turbine gaspath, where cooling  flow rate and temperature
drive the seal life. The cooling air  travels through the vane before
reaching the seal rim cavity. I Gaspath air heats the vane and the cooling
air passing through  the vane. If the cooling air temperature is too high,
the seal  assembly does not meet design life intent. Thus, there is a need
for a more efficient approach for  delivering cooling air to the seal rim
cavity. SUMMARY OF THE INVENTION Accordingly, it is an object of the
present invention to  provide a system for providing cooling air to a seal
arrangement  with as little heat-up of the cooling air through the vane as
possible. It is also an object of the present invention to provide a system
as above which pre-swirls the cooling air in the  direction of rotation of
a rotor stage so as to reduce heat-up  due to windage. The foregoing
objects are attained by the system of the  present invention. In accordance
with the present invention, a system is  provided for delivering cooling
air to a seal arrangement in a  turbine stage of a gas turbine engine. The
system broadly  comprises at least one vane in said turbine stage having a
cooling passageway extending from an outer platform of the at  



least one vane to an inner platform of the at least one vane and  means for
delivering cooling air to the seal arrangement. The  delivering means
comprises a tube insert positioned within the  cooling passageway. The tube
insert has an inlet at one end for  receiving cooling air from a source of
cooling air and an outlet  at a second end. The delivering means further
comprises cover  means attached to the second end of the tube insert for
receiving cooling air from the tube insert and delivering the  cooling air
to the seal arrangement. Preferably, the cover  means delivers the cooling
air to the seal arrangement in a pre 2 swirled manner in the direction of
rotation of a turbine rotor  of the gas turbine engine. Other details of
the integral swirl knife edge injection  assembly of the present invention,
as well as other objects and  advantages attendant thereto, are set forth
in the following  detailed description and the accompanying drawings
wherein like  reference numerals depict like elements. BRIEF DESCRIPTION OF
THE DRAWINGS FIG. 1 is a diagrammatic view of a second stage turbine
stator vane assembly in partial cross section disposed aft of a  first
stage turbine rotor and forward of a second stage turbine rotor;  FIG. 2 is
an exploded view of a system for delivering cooling air to the seal
arrangement shown in FIG. 1; FIG. 3 is an enlarged view of a portion of the
system for  delivering cooling air to a seal rim cavity of the turbine  



stator vane assembly of FIG. 1; FIG. 4 is a sectional view of a tube insert
used in the  cooling air delivery system of FIG. 2 taken along lines 4 - 4
in  FIG. 2; FIG. 5 is a perspective view of a retainer assembly used in
the cooling air delivery system of FIG. 2; FIG. 6 is an end view of a cover
assembly used in the  cooling air delivery system of FIG. 2; FIG. 7 is a
top view of the cover assembly of FIG. 6; FIG. 8 is a perspective view
showing a nozzle portion of an  alternative cover assembly penetrating
through a honeycomb pad  portion of the seal arrangement; and FIG. 9 is a
sectional view of a portion of the cover  assembly of FIG. 6. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 3 Referring now to the drawings,
FIG. 1 illustrates a second  stage turbine vane assembly 10 disposed aft of
a first stage  turbine rotor 6 and forward of a second stage turbine rotor
8.  (While the present invention will be described in the context of  first
and second stage rotors, the knife edge injection assembly  of the present
invention may be used between other turbine rotor  stages.) The turbine
vane assembly 10 includes a plurality of  stator vanes 12. Each of the
stator vanes 12 has an outer  platform 14, an inner platform 16, and an
airfoil portion 18  extending between the outer and inner platforms 14 and
16. Each  of the stator vanes 12 has a passageway 20 which extends through



the vane from the outer platform 14 to the inner platform 16. The
passageway 20 is a cooling passageway used to cool the  interior of the
vane 12. The assembly 10 further has a knife edge seal assembly 22  for
maintaining a pressure difference between a first annular  region or seal
rim cavity 24 adjacent the first stage rotor and  a second annular region
26 adjacent the second stage rotor. The  seal assembly 22 includes a
honeycomb pad 28 attached to an  inner flange 30. A plurality of knife-edge
seals 32 disposed to  contact the honeycomb pad 28 and form a seal between
the two  regions 24 and 26. In order to extend the life of the seal
assembly 22, it is necessary to deliver cooling air to the seal  rim cavity
24 and the knife edge seals 32. To accomplish the goal of delivering
cooling air to the  region 24 and the knife edge seals 32, a cooling air
delivery  system 34 is incorporated into each vane 12 of the assembly 10.
The cooling air delivery system 34 includes a tube insert 36  disposed
within the cooling passageway 20. As can be seen from  FIGS. 2 and 3, the
tube insert 36 is non-linear and has an inlet  end 38 and an outlet end 40.
The tube insert 36 also has  sidewalls 37 which are spaced from the
sidewalls 35 of the  passageway 20. In operation, cooling air from a source
(not 4 shown), such as a compressor stage of a gas turbine engine, is
introduced into cooling passageway 20 and simultaneously into  the inlet
end 38 of the tube insert 36. The tube insert 36 may  be formed from any
suitable metallic material known in the art  



such as Inconel 625. As can be seen from FIG. 4, the tube  insert 36 has a
flattened, non-circular cross sectional shape. As shown in FIG. 5, a
retainer 39 is placed over the inlet  end 38 of the tube insert 36 and is
used to retain the inlet end  38 of the tube insert 36 in position with
respect to an inlet 42  of the cooling passageway 20. The retainer 39 has a
central portion 44 which fits over and receives the inlet end 38 of the
tube insert 36.,-and a plurality of legs 46 extending from the  central
portion 44. The central portion 44 has an internal  opening 45 with a
non-circular, flattened shape corresponding to  the shape of the tube
insert 36. In a preferred embodiment of  the present invention, the tube
insert 36 is welded to the  retainer 39 or fastened to the retainer 39 by a
braze material.  To maintain the retainer 39 in position, the legs 46 are
positioned on a fillet weld 41 which extends across the inlet 42  to the
cooling passageway 20. If desired, each of the legs 46  may be affixed to
the fillet weld using any suitable means known  in the art. Referring now
to FIGS. 2 and 6 - 9, a cover assembly 48 is  joined to the outlet end 40
of the tube insert 36. The cover  assembly 48 includes a raised collar
portion 50 which receives  and frictionally engages the outlet end 40 of
the tube insert  36. As can be seen from FIG. 7, the collar portion 50 has
an  interior opening 51 which has a non-circular, flattened shape  which
corresponds to the cross sectional shape of the tube  insert 36. As shown
in FIG. 9, the collar portion 50 can be  provided with a shoulder 53 which
contacts the outlet end 40 of  



the tube insert 36 so that the tube insert 36 may be snap fit  therein. The
cover assembly 48 may have a single fluid exit 52, 5 as shown in FIG. 2, in
fluid communication with the outlet end  40 of the tube insert 36 via an
internal passageway (not shown)  or may have two fluid exits 52 and 54, as
shown in FIG. 8, which  are in fluid communication with the outlet end 40
of the tube  insert 36 via an internal passageway (not shown). The first
fluid exit 52 comprises a nozzle which may be placed into an  opening in
the honeycomb pad 28 to deliver cooling air between  two of the knife edge
seals 32, such as between the two knife  edge seals closest to the seal rim
cavity 24. When present, the  second fluid exit 54 comprises an opening in
the cover assembly  48 which delivers cooling air to the seal rim cavity
24. In a  preferred embodiment of the present invention, the exits 52
and/or 54 are configured so as to deliver cooling air to the  seal rim
cavity 24 and/or the space between the two knife-edge  seals so that it is
pre-swirled in the direction of rotation of  the first turbine rotor stage.
This is desirable to reduce  heat-up due to windage. The retainer 39 and
the cover assembly 48 may be formed  from any suitable metallic material
known in the art. For  example, if desired, each of these components could
be formed  from Inconel 625. One of the advantages to the cooling air
delivery system of  the present invention is that cooling air can be
delivered with  little heat-up as a result of the passage of the cooling
air 



through the 'vane 12. This is because the tube insert 36 acts as  a heat
shield between the cooling air and the vane 12. still  further, the tube
insert 36 accelerates the cooling air as it  passes through the vane 12,
thus reducing exposure time to heat. Another advantage to the system of the
present invention is  that it does not interfere with the internal cooling
of the vane  12 by the cooling passageway 20. It is apparent that there has
been provided in accordance  with the present invention an integral swirl
knife edge 6 injection tube assembly which fully satisfies the objects,
means, and advantages set forth hereinbefore. While the present  invention
has been described in the context of specific  embodiments thereof, other
alternatives, modifications, and  variations will become apparent to those
skilled in the art  having read the foregoing description. Accordingly, it
is  intended to embrace those alternatives, modifications, and  variations
as fall within the broad scope of the appended  claims. 7 WHAT IS CLAIMED
IS: 1. A system for delivering cooling air to a knife edge seal
arrangement in a turbine stage of a gas turbine engine  comprising: at
least one vane of said turbine stage having a passageway  extending from an
outer platform of said at least one vane to an  inner platform of said at
least one vane; 



means for delivering cooling air to said seal arrangement; said delivering
means comprises a tube insert positioned  within said passageway; said tube
insert having an inlet at one end for receiving  cooling air and an outlet
at a second end; and said delivering means further comprising cover means
attached to said second end of said tube insert for receiving  cooling air
from said tube insert and delivering said cooling  air to said seal
arrangement. 2. A system according to claim 1, wherein said cover means has
means for providing said cooling air to said seal arrangement in  a
pre-swirled manner in a direction of rotation of a turbine rotor stage of
said turbine engine. 3. A system according to claim 2, wherein said cover
means has  nozzle means for providing cooling air to a seal rim cavity. 4.
A system according to claim 2, wherein said seal arrangement  includes a
honeycomb pad and a plurality of knife edge seals in 8 contact with said
honeycomb pad and said means for providing  said cooling air comprising a
first nozzle which extends through  said honeycomb pad into a space between
two of said knife edge  seals. 5. A system according to claim 4, wherein
said cooling air  providing means further comprises a second nozzle for
providing  cooling air to a seal rim cavity. 6. A system according to claim
1, wherein said delivering means  further comprises means affixed to said
inlet end of said tube  



insert for retaining said tube insert in position with respect  to said
passageway. 7. A system according to claim 6, wherein said retaining means
has a central portion configured to fit over the inlet end of  said tube
insert and a plurality of retainer legs affixed to  said central portion.
8. A system according to claim 7, wherein said central portion  is welded
to said inlet end of said tube insert. 9. A system according to claim 7,
wherein said central portion  is joined to said inlet end of said tube
insert by a braze  material. 10. A system according to claim 1, wherein
said tube insert is  non-linear and has a flattened, non-circular cross
sectional  shape. 11. A system according to claim 1, wherein said cover
means has  a collar protruding from one side and said collar surrounding
said outlet end of said tube insert. 9 12. A system according to claim 11,
wherein said collar has an  interior portion with a shape corresponding to
the cross  sectional shape of said tube insert. 13. A system according to
claim 1, wherein said at least one  vane comprises at least one stator
vane. 14. A system according to claim 1, wherein said turbine stage  has a
plurality of vanes and each of said vanes includes said  cooling air
delivering means. 15. A system according to claim 1, wherein said insert
tube has  



sidewalls spaced from sidewalls of said passageway. 16. A system according
to claim 1, wherein said passageway is  an internal vane cooling
passageway. 17. A cooling system for a vane comprising: a vane cooling
passageway extending from an outer platform  of the vane to an inner
platform of the vane for cooling  internal portions of the vane; and means
for delivering cooling air to a knife edge seal  arrangement, said cooling
air delivering means including a tube  insert positioned within said vane
cooling passageway. 18. A cooling system according to claim 17, further
comprising  said tube insert having an inlet end; and means attached to
said inlet and for positioning said tube  insert relative to an inlet end
of said cooling passageway. 10 19. A cooling system according to claim 17,
further comprising  said tube insert being an outlet end; and a cover
assembly attached to said outlet end for providing  cooling air to the seal
arrangement. 11 


