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bl ade, 5 wherein atip flag is provided to direct cooling air to a radially
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15 that are removable from the rotor. In addition, stationary vanes are positioned
adjacent to the turbine rotors.

The products of combustion are hot, and thus the rotor blades and vanes are
exposed to high temperatures. One method to address the high temperatures
experienced by the blades is the use of internal air cooling passages in the blade

20  airfoil. The design of turbine blades includes optimizing air cooling passages. One
standard type of passage is a serpentine path. In a serpentine path, cooling air is
directed radially outwardly from an inner platform of the blade and toward an outer
tip of the blade. The air reaches the outer tip of the blade and circulates back toward
the platform, eventually returning again back radially outwardly. Another type of

25  cooling air passage directs air along a length of the airfoil, and then direct the air
outwardly to openings at a trailing edge. This type of cooling air passage is often
utilized with a plurality of metering openings which meter the amount of air being
delivered to trailing edge skin cooling openings.

In the prior art the cooling of the radially outermost portion of the airfoil at

30 the trailing edge has proven problematic. As one example, the cooling air path
delivering air to the trailing edge has delivered much of its air outwardly for skin

cooling before reaching the radially outer portion of the trailing edge. As such,



utilized with a plurality of netering openings which neter the anmount of air
bei.ng delivered to trailing edge skin cooling openings. In the prior art
the cooling of the radially outernost portion of the airfoil at 30 the
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utilizedgo direct cooling air to the radially outernost porti on 15 of the
trailing edge. The tip flag is provided wth a heat transfer pedestal array
along atip flag path, w't rSUMMADBH’e@FéIHE[INMENﬂ‘IQNaddi tional heat
transfer surfaces t Vv ddj.ti onal heat fromthe rfoil. In t her
featur o of th o IVBREIRCEHEbT e i SrerHberainrbasa s wovited

at the radially outer trailing edge of a turbine component having an airfoil. In

particular, a tip flag is utilized to direct cooling air to the radially outermost portion
15  of the trailing edge. The tip flag is provided with a heat transfer pedestal array along
a tip flag path, with the pedestals providing additional heat transfer surfaces to
remove additional heat from the airfoil.
In another feature of this invention, the radially outermost portions of the
areas of the airfoil which are cooled by the direct flow, and through the metering
20  holes, are also improved. In particular, the last few metering holes are replaced by a
pedestal array. Again, the pedestal array provides additional heat transfer surfaces
which remove heat from the area in question.
These and other features of the present invention can be best understood
from the following specification and drawings, the following of which is a brief

25  description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of a gas turbine engine as known in the prior

art.
30 Figure 2 shows a turbine blade also as known in the prior art.
Figure 3 is a top view of an airfoil which is part of the turbine blade in the
prior art.



areas. of the airfoil which are cooled by the direct flow, and through the
netering 20 holes, are also inproved. In particular, the last few netering
hol es are replaced by a pedestal array. Again, the pedestal array provides
addi tional heat transfer surfaces which renove heat fromthe area in
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is a schematic view of a gas turbine engine as known in the prior art. 30

Figure 2 shcﬁﬂstuét?i{l‘ilpl_@fi‘he bl ade al so as known in the prior art. Figure 3 is a
top view of an aigibolle MHOGR tiléil‘que theQ;ooﬁﬂggﬁééﬁéé!s.ne bl ade in the prior art.

2 Figure 4 shows inRAternal coollng ow passages In a prior art turbine

bl ade. Bi gure 5 KpmesH showsen ekemaplerpedesnd] atdag. i nt ernal cool i ng passages in
the prior art turbine blade. Figure 6A shows the inventive cooling
passages. 5 Figure 6B shows an exanpl e pedestal array. DETAI LED DESCRI PTI ON
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combustion section 14 and a turbine 15. As is well known in the art, air compressed
in the compressors is mixed with fuel which is burned in the combustion section 40
and expanded in turbine 15. The air compressed in the compressor and the fuel
mixture expanded in the turbine 15 can both be referred to as a hot gas stream flow.

15  The turbine 15 includes rotors that, in response to the expansion, rotate, driving the
compressors and fan. The turbine 15 comprises alternating rows of rotary blades 30
and static airfoils or vanes 19. Figure 1 is a somewhat schematic representation, for
illustrative purposes only, and is not a limitation of the instant invention, that may be
employed on gas turbines used for electrical power generation and aircraft.

20 Figure 2 shows a turbine blade 30 having an airfoil 31 and a platform 38.
The platform 38 serves to mount the turbine blade 30 in a turbine rotor. As known,
the airfoil 31 extends from a leading edge 32 to a trailing edge 34. Skin cooling
openings 36 are provided at the trailing edge and cooling air is directed outwardly
through those openings to cooling the trailing edge.

25 As shown in Figure 3, the airfoil 31 has a curved shape, between a wall 29
and a wall 27. As is known, these walls define a generally hollow space, and
internal cooling flow passages such as shown in 40 and 42 are formed within the
hollow space. The hollow space is generally formed by a ceramic core during the
lost wax investment casting process.

30 As shown in Figure 4, a serpentine path is provided by passages 40, 42, 43.
Air circulates from the platform 38 radially outwardly through passage 40, returns

radially inwardly through passage 42, and then returns radially outwardly through



and expanded in turbine 15. The air conpressed in the conpressor and the
fuel nixture expanded in the turbine 15 can both be referred to as a hot
gas streamflow. 15 The turbine 15 includes rotors that, in response to the
expansion, rotate, driving the conpressors and fan. The turbine 15
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trailing edge. Trip strips also cannot be used as far toward the trailing edge as
15  pedestals due to manufacturability issues associated with the thinness and fragility of
the ceramic core. While the present invention and the prior art problem are discussed
with regard to turbine blades, other airfoils or gas turbine components can benefit
from this invention. In particular, the invention can extend to stationary vanes.
Figure 6A shows an inventive turbine blade 60. The tip flag 48 still directs
20  air into a tip flag path 61. However, a pedestal array 62 is provided in the path 61.
As shown in Figure 6B, the pedestals 62 extend entirely across the airfoil, and
between the walls 27 and 29. The pedestals serve to deliver more heat into the
cooling airflow, and thus better address the problem mentioned above. In addition, a
second pedestal array 64 is formed to replace the last several metering holes 46
25  radially inward the tip flag 48. This pedestal array 64 also removes additional heat
from the area and allows for a more robust and manufacturable ceramic core.
As can be appreciated from Figure 6A, the pedestal array 64 has pedestals of
greater diameter than the pedestals 62.
The inclusion of the pedestals at the radially outer portion of the trailing edge
30 significantly increases the heat transfer, and thus the cooling of the particular area.

By including these pedestals, the prior art problem of burning and spallation can be

addressed.



5 This provides additional cooling at a radially outer portion of the
trailing edge. As shown, radially inward of tip flag rib 48, the direct

fl ow channel 44 directs air through a plurality of nmetering holes 46 to the
skin cooling openings 36. Figure 5 shows further features of the tip flag,
and the passages i I .pa provided w th
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trailingSedge as 15 pedestals due to manufacturability issues associ ated
with the thinness and fragility of the ceramc core. Wile the present
invention and the pri or art problemare discussed wth regard to turbine
bl ades, other airfoils or gas turbine conponents can benefit fromthis
invention. In particular, the invention can extend to stationary vanes.

Fi gure 6A shows an inventive turbine blade 60. The tip flag 48 still directs
20 air into atip flag path 61. However, a pedestal array 62 is provided in
the path 61. As shown in Figure 6B, the pedestals 62 extend entirely across
the airfoil, and between the walls 27 and 29. The pedestals serve to
deliver nore heat into the cooling airflow, and thus better address the
probl em nenti oned above. In addition, a second pedestal array 64 is forned
to replace the | ast several netering holes 46 25 radially inward the tip
flag 48. This pedestal array 64 al so renoves additional heat fromthe area
and allows for a nore robust and manufacturable ceram c core. As can be
appreciated from Figure 6A, the pedestal array 64 has pedestals of greater
di aneter than the pedestals 62. The inclusion of the pedestals at the
radially outer portion of the trailing edge



30 significantly increases the heat transfer, and thus the cooling of the
particular area. By including these pedestals, the prior art problem of
burning and spallation can be addressed. 4 Al though a preferred enbodi nent
of this invention has been disclosed, a worker of ordinary skill in this
art woul d recogni ze that certain nodi LQ?NFF”S woul d conme within the scope
of this invention. For that reason, the following clainms should be studied
to determine the true scope and content of this invention. 55 CLAIMS 1. A
conponent for a ggs turbi ne engine conprising: an airfoil extending froma
radial |y inner poftPBRORG! Orraa&Sé‘I‘rPVle £&F CABPEFBE 5 and havi ng spaced
pressure walls Watnhaiﬁf@ilféx?énﬂfn‘g' froR & ﬂ&gia!l?'?ﬁﬁe@'ﬂoi/tid?moﬂo' LW REIVERE: psabe wal l's,
and said airfoil extending froma |eading edge to a trailing edge; and
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skin cooling openings near said trailing edge of sai d airfoil, and a
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direct cooling passage, said serpentine coolin ath directing aj.r radially
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cooling 15 passage being separated froma portion of said serpentine cooling
path by a diadgdet saigatirfoils andi adierpedene eralinghearh pgsiionddptavwang said lgadiagi al | 'y
outer |ocat Ie(gféevfdrqdn(l: hsal%x Ehfr'\gcqscooling passage, said serpentine cooling path directing air
radially outwardly toward said radially outer portion of said airfoil, then back
radially inwardly, and eventually back radially outwardly, said direct cooling
15  passage being separated from a portion of said serpentine cooling path by a divider
wall, said divider wall having a tip flag at a radially outer location which extends
toward said trailing edge, and which selectively communicates a portion of air in the
serpentine cooling path toward said trailing edge along a tip flag path, and a first
pedestal array extending between said walls in said tip flag path to direct heat into

20  cooling air flowing along said tip flag path.

2. The turbine component as set forth in Claim 1, wherein pedestals in said first
pedestal array extend from a location of said wall along said tip flag to a position
adjacent to the trailing edge.
25

3. The gas turbine component as set forth in Claim 1, wherein the metering
openings for the direct cooling passage ending at a location radially inwardly of said
tip flag, and a second pedestal array extending between said walls radially inwardly
of said tip flag, such that cooling air in the direct cooling passage passes over said

30  second pedestal array before leaving said skin cooling openings at said trailing edge.



toward said trailing edge, and which selectively communi cates a portion of
air inthe serpentine cooling path toward said trailing edge along a tip
flag path, and a first pedestal array extending between said walls in said
tip flag path to direct heat into 20 cooling air flowing along said tip

flag path. 2., The,turbine. co S f. i I ei.n
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gas turbine conponent as set forth in Claim1, wherein the netering

openi ngs f orPedesbalgin Be fird Pssst) apa¥sage ending at a | ocation radially
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said walls radially innmardly of said tip flag, such that cooling air in the
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t ur bi ne conmFSAWRRCTHS &BIDINGPIAJe h O aim 3, wherein pedestals in said second
pedestal array have a dianeter which is greater than a dianeter of the
pedestals in the first pedestal array. 5 5. The gas turbine conponent as set
forth in C & m 1A sb@penant fdra gpasurbinelengi@e comppsingnt is a turbi ne bl ade. 6.
A conponent for a gas

turbine engine conprising:. an airfoil extendi.ng froma
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airfoil extending froma |eading edge to a“trailihg edge; and internal
cool i ng fl ownpasisaiésl &xaembnlg fmmsaleddiag efig to,a trdikngedgei agl a di rect cool i ng
passage directi ng cool]i ng.ai r. from said radj al |2}( in er tBortﬂ')on t opard said
nternal cooling flow passages formed in said airfoil, there being a direct
cooling passage directing cooling air from said radially inner portion toward said
radially outer portion of said airfoil, said direct cooling passage directing cooling air
15  through a plurality of metering openings to skin cooling openings near said trailing
edge of said airfoil, and a serpentine cooling path positioned toward said leading
edge from said direct cooling passage, said serpentine cooling path directing air
radially outwardly toward said radially outer portion of said airfoil, then back
radially inwardly, and eventually back radially outwardly, said direct cooling
20  passage being separated from a portion of said serpentine cooling path by a divider
wall, said divider wall having a tip flag at a radially outer location which extends
toward said trailing edge, and which selectively communicates a portion of air in the
serpentine cooling path toward said trailing edge along a tip flag path, the metering
openings for the direct cooling passage ending at a location radially inwardly of said
25  tip flag, and a pedestal array extending between said walls radially inwardly of said
tip flag, such that cooling air in the direct cooling passage passes over said pedestal

array before leaving said skin cooling openings at said trailing edge.

7. The gas turbine component as set forth in Claim 6, wherein the gas turbine

30 component is a turbine blade.



radi ally .outer portion of said airfoil, said direct cooling passage
directing cooling air 15 through a plurality of netering openings to skin
cool i ng openings near said trailing edge of said airfoil, and a serpentine
cooling path positioned toward said | eading edge fromsaid direct cooling

passage, saigd Serﬁ??@{lhﬁﬁgfﬂ’%@?%ﬁﬁ%@ eg%};lgg&jn si{’i‘%:’r radi ally outwardly
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airfoil being generally hollow between said walls, and said airfoil
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air through a plurality of metering openings to skin cooling openings near
sai d trailinepll, said divider wall having a tip flag at a radially outer location which extends
15  toward said trailing edge, and which selectively communicates a portion of air in the
serpentine cooling path toward said trailing edge along a tip flag path, and a first
pedestal array extending between said walls in said tip flag path to direct heat into
cooling air flowing along said tip flag path, and the metering openings for the direct
cooling passage ending at a location radially inwardly of said tip flag, and a second
20  pedestal array extending between said walls radially inwardly of said tip flag, such

that cooling air in the direct cooling passage passes over said second pedestal array

before leaving said skin cooling openings at said trailing edge.

9. The turbine component as set forth in Claim 8, wherein pedestals in said first
25  pedestal array extend from a location of said wall along said tip flag to a position

adjacent to the trailing edge.

10.  The gas turbine component as set forth in Claim 8, wherein pedestals in said
second pedestal array have a diameter which is greater than a diameter of the

30  pedestals in the first pedestal array.



edge -of said airfoil, and a serpentine cooling path positioned toward said

| eading 10 edge fromsaid direct cooling passage, said serpentine cooling
path directing air radially outwardly toward said radially outer portion of
said airfoil, then back radially inwardly, and eventually back radially
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tip flag at @npademlis y tobineblddecat i on whi ch extends 15 tomard said trailing
edge, and which sel ectively communi cates a portion of air in the serpentine
cooling path toward said trailing edge along a tip flag path, and a first
pedestal array extending between said walls in said tip flag path to direct
heat into cooling air flowng along said tip flag path, and the netering
openings for the direct cooling passage ending at a location radially
inwardly of said tip flag, and a second 20 pedestal array extendi ng between
said walls radially inwardly of said tip flag, such that cooling air in the
di rect cooling passage passes over said second pedestal array before

| eaving said skin cooling openings at said trailing edge. 9. The turbine
conponent as set forth in Caim8, wherein pedestals in said first 25
pedestal array extend froma |location of said wall along said tip flag to a
position adjacent to the trailing edge. 10. The gas turbi ne conponent as
set forth in Claim8, wherein pedestals in said second pedestal array have
a dianeter which is greater than a dianeter of the 30 pedestals in the
first pedestal array. 8 11. The gas turbine conponent as set forth in Caim
8, wherein the gas turbine conponent is a turbine blade. 9





