TURBI NE Al RFO L PLATFORM COOLI NG CIRCUI' T This invention was nmade with

Gover nment support under F33615-97-C 2279 awarded by the United States Air
Force. The Governnment has certain rights in 5 this invention. BACKGROUND OF
THE | NVENTI ON The present invention relates generally to gas turbine engines

and nore particul i } i f a turbine
airfoil. 10 Turbi ni’%‘@@%%ﬁ‘@%ﬂﬁm éﬁg{lﬁ&ﬁlﬁﬁoﬂt wardly froma
turbine blade platform In operation, the turbine blades are routinely
exposed to tenperatures well above their material limts. In existing

engi nes, air frdmis HYeRdomMes sHpdes 8t GRvenmept surnarhRderelitide-9’sCused to
cool the bhage, Rl 'b?lthe ﬁﬁfééd §t‘3€é's'pl]9ﬁ§1'c%.l The E%l@e @ae‘hbﬁa Iﬂﬂ?ﬁgtﬂéﬂygh a

series of rotor cavities underneath t atform e coofing 15 air
i s then5i njtldsim@ntiort.0 t he hot nai nstream fl ow t hrough openings in the
sealing area. Wthout sufficient cooling of the platform the platform
walls may experience creep deformation. H gh tenperature gradients in the

platformmay result in ?&% @Bmopﬁﬂ VENG1oRddi tional Iy, the high
t enper at ures can cause Ogiﬁ(}(atl on of the Iaia?l’gor ns. SUMVARY OF THE
| NVENTI ON The pfThseprtsenn\ievention rplacesi gemsradlycloogasngurbine caniginek candanmbors bi ne
airfoil platfor The cooling.circuit permts higher. inlet tenperatures
t han t he CIRP?’@HQﬂéﬁt? f‘GP‘legZ‘:Sngg_sf%%gg?tfﬁg‘_éPgﬁé“.rbllnﬁg‘lgﬁﬂl'scI osed enbodi nent of
the present invanidiffpiablieincank iirk!dheitloxRARlBwArlS RERISMIiAg, of the
platform while another cooling circuit cools the suction side of the
pl at f or m Iphatigeme dmbperathen, ithed rbind bledesare omitinaly exippsadi to terapahtuess walbl i ng ai r
from . e s . : .
above their material limits. In existing engines, air from the compressor section of
the turbine engine is used to cool the blade material. This cooling air is fed to the
blade through a series of rotor cavities underneath the blade platform. The cooling
15  air is then injected into the hot mainstream flow through openings in the sealing
area.
Without sufficient cooling of the platform, the platform walls may
experience creep deformation. High temperature gradients in the platform may

result in thermal-mechanical fatigue. Additionally, the high temperatures can cause

20  oxidation of the platforms.

SUMMARY OF THE INVENTION

The present invention provides a cooling circuit for a turbine airfoil platform.

The cooling circuit permits higher inlet temperatures than the current airfoil
25  assembly designs.

In a disclosed embodiment of the present invention, the cooling circuit cools
the pressure side of the platform, while another cooling circuit cools the suction side
of the platform. In general, the inlet of each cooling circuit receives cooling air from
the rotor cavity below the platform. The cooling air flows through each circuit and

30  cools the walls of the platform.
Optionally, at least the suction side of the cooling circuit includes a plurality

of pedestals extending between top and bottom walls of the cooling circuit. The



the rotor cavity below the platform The cooling air flows through each
circuit and 30 cools the walls of the platform Optionally, at |east the
suction side of the cooling circuit includes a plurality of pedestals
extendi ng between top and bottomwalls of the cooling circuit. The 1

pedestal s ar kb L8] J: [y - J jotegrity
and stiffn segespagiégetq%gﬁgpg{P{S%tﬁéllﬁé&fg{a@?sr%\g gsﬁcg%ﬂafﬁl} tgg Ité&l%tﬁ](gn F lgow and
enhance codbi tig plytfoinnc rEaspaigstalsealsotwbalate theaflow ramdsérhancoeddling byt s. The

pedestal s al so provide increased surface area fqr coqli nd prayi de
bonduct i on IHITHIE AGARAMh dIea BRSICE Rpgiciatier  hER IPEOFSREAR SFPRES i r cui t

The exit ofingaghq %&?Lde%e&ifdrcdﬂoiingrahéf %&&hec&rﬂﬂkiié}gpﬁhé bfeHGhe Buldpy as to
provide the filmcoverage on the platform This film blanket of cooling air

further5 praodautes walof pheatoobingrcinaldit.s from t he hot gas recovery tenperatures.
10 BRI EF DESCRI P‘[\IﬁO\I.CF THE AW NGS .Ox her %dvanf.ages .of tge gr esent

i nvention can b Nriddh & G50 9" PR FEFEhAEVESheGRRlRG AT HER deVAY PR 40

descri pti onrdIgN tHeOMS SeVepshel dh HEPIMRFI O NI Hiinti)ShkeR 6F ESRRRYAiR SurfHefW NQS
wherein: FIGURE 1 is a schematic of a gas turbine engine incorporating one
15 enbodi memetees$ therplatforfrowhllssisemrihe hotfas rdsevery demaparaiurssent i on. FIGURE 2 is a
turbine blade of Figure 1. FIGURE 3 is a plan view of the turbine bl ade of
Figure 2. FIGURE 4 is a perspective view of the suction side cooling circuit

of Figype 3. 20 Fl GURBRAEFDESCRIPTEON OF THEWRAWINGS'I essure side cooling
circuit of Figure 3.
Other advantages of the present invention can be understood by reference to
the following detailed description when considered in connection with the
accompanying drawings wherein:
FIGURE 1 is a schematic of a gas turbine engine incorporating one
15 embodiment of an airfoil assembly of the present invention.
FIGURE 2 is a turbine blade of Figure 1.
FIGURE 3 is a plan view of the turbine blade of Figure 2.

FIGURE 4 is a perspective view of the suction side cooling circuit of Figure

20 FIGURE 5 is a perspective view of the pressure side cooling circuit of Figure

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Figure 1 shows a gas turbine engine 10, such as a gas turbine used for power
25  generation or propulsion, circumferentially disposed about an engine centerline or
axial centerline axis 12. The engine 10 includes a fan 14, a compressor 16, a
combustion section 18 and a turbine 11. As is well known, air compressed in the
compressor 16 is mixed with fuel that is burned in the combustion section 18 and
expanded in turbine 11. The turbine 11 includes rotors 13 and 15 that rotate in
30 response to the expansion, driving the compressor 16 and fan 14. The turbine 11
compresses alternating rows of turbine blades 20 and vanes 19. Figure 1 is a

somewhat schematic presentation for illustrative purposes only and is not a



DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT Figure 1 shows a gas turbine
engi ne 10, such as a gas turbine used for power 25 generation or propul sion,
circunferentially di sposed about an engine centerline or axial centerline
axis 12. The engine 10 includes a fan 14, a conpressor 16, a conbustion

section 18 1afiehtRnt 61 mé“ﬁlsﬂaiat 1rf\%nt1§n Wehich Kﬁ@y\ﬂbe Mhplo ATHH 85§ Qbrbifest {08
conpressor 16 is mxed with fuel that is burned in the conbustion section 18

and expandéastiiqal pewes geserption, Thesrafy ey edditionatly| tigessare ganeus typesadfd@ags t hat
rotate in esponse t an r|V|n th d fan
14. The tuﬁ%rbh 5 meébﬁ%nﬁg 2’%\ 48)@? I nlgt flfoérlmrs%eo I%P%ngg?%%%éﬁagel%hg and
vanes 19. Eioguﬁ@te&t(b ﬁleaiemg@@m@,t schematic presentation for illustrative
purposes only and is not a 2 limtation on the_instant invention, which may

be enpl 8yed on g%éuﬁbmebblﬁ@% 20dp illeguaied, incBiguisohdRVige e PREIOBR, 32pRbRRf t, etc.
Addi ti onal Iaerm; qr @xtﬁﬁ %’ Hub a1y X{z}ﬁf.fﬂfm q&iipé#q@ B8 eR@lifiCie HREVA:OF Wwhich

could benefit tromt esent I'nventi on, not limted to the

desi gn show‘ﬂvenﬁoﬁ\chmlbbldﬂa:rthieadetlﬂfbspa:t itd itsiapplatacidn ﬁmal%hx@meeblﬁdmaﬁlthg a
platform 32 and an airfoil 34 extending outwardli/] y fromthe platform
32. Wil e tiRengpasentd alsgbemfiliged tap SHEC sHYerOBY vasmvwsb%éﬁgw ths

P11 Cat | Oyl 600190 GG 2Dpre A DB ADSGR S hSfreBEraid  zed 1n

a static structure suc vane ure e tur
i ncl udd® a cpokssuirenisexie 386s difmteklenahas phaflorr3 82 dh nreemswue: sidel861d¥ theol i ng

circuit exit 38 is . fornmed .in the rm320 pressure side 36 of the
airfoil 34. a1r'§\o1f61 of* TRLRF CRYitRY issde ‘f‘i’fg?iwlﬁléqw g%JI atform 32. The turbine

bl ade 20 furt herTHe“fh'rMQ@%lzﬂiesmtfﬁl‘ﬂ{brSlhgﬁdékoa %ctidhesﬁbrimbf (R4 airRPP9Si te the
pressure side 36, as shown in Figure 3. Figure 3 is a plan view of the

t ur bi ne bl appod®, the phessmt isokl 316y as kbawmn Figerd dc &tguon 30§ aplpr eswuwrfghsi de

cooling turbine blade 20, schematically showing the location of a pressure side cooling

15 circuit 42 and a suction side cooling circuit 46 which are contained within the
platform 32 and lead to a pressure side cooling circuit exit 38 and suction side
cooling circuit exit 54 on the upper surface of the platform 32. As shown in Figure
3, the pressure side cooling circuit 42 further includes a pressure side cooling circuit
inlet 44. The suction side cooling circuit 46 includes an inlet 50 opposite the exits

20  54. The suction side cooling circuit 46 may further include a plurality of pedestals
56.

Figures 4 and 5 are perspective views of the suction side cooling circuit 46
and the pressure side cooling circuit 42, respectively. The cooling circuits 46, 42 in
the embodiment shown are metal cores that are separately molded, cast and/or

25  machined to the configurations shown and subsequently insert-cast into the platform
32 (Figures 2 and 3).

Referring specifically to the suction side cooling circuit 46 in Figure 4, the
core includes an outer wall 60 spaced above an inner wall 62. The outer wall 60 and
inner wall 62 are connected by side walls 64. A cooling air path is defined between

30 the outer wall 60, inner wall 62 and side walls 64 from the downwardly directed

inlet 50 to the upwardly directed exits 54. A plurality of pedestals 56 connect the

outer wall 60 and inner wall 62. The pedestals 56 increase the structural integrity



15 circuit 42 and a suction side cooling circuit 46 which are contained
within the platform32 and lead to a pressure side cooling circuit exit 38
and suction side cooling circuit exit 54 on the upper surface of the
platform 32. As shown in Figure , the pressure side cooling circuit 42

3
further ingly i : [ i ! i iQl ion side
cool i ng ci %cu??ﬁr}l%s :Bl;c u Sgngﬁg?‘ﬁrg? gggggp%%q% Seé ?fﬁg tlng)i()}ll?jfsje ti%h@)fh‘%e

sucti on si dehanoolthegooling thyt intcasimg thar inkenali It udmster pdoeffadierity. oThgedest al s

56. Figures 4 and re perspective views of. the suction side coolin
oty cui o a6 pedistiy 5o alh SIS R use i ared freholing 5nd PRBAEIEREYOT The
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separately nol ded, cast and/or 25 nachined to the configurations shown and

subsequnt kyit§ ik &om thasoolimg arduitetGoéxaerfdoupwar@ly 4t B goglesin 2rdardo Pyovidef erri ng

speci ficall .0 the suction side coplin ircuit 46 in Figure.4, the core
P b aifeofiffn coReRES iy Be s $8Gce s witlohmars Bauredl abe vt 66
and i nner pymkét Wi2l FHRcCAB PREfRH 30¥roth R KR khSrebdverfit atGgesai r path is

defi ned between 30 the outer wall 60, inner wall 62 and side walls 64 from

t he downwardl y dicfesgngdpecifidadly tgoha pressyee sigoaealing diouéict’ein Fgumesd, se A
plurality of pedestals 56 connect f{h out er 60 and jnner wall, 62. The
edeatal & Se RURREZ oRer 77 BERRPATE e BhFl viIP 30 aRd BieelNaSLoniPsichc

cool i ngoci kizdivwalk68 tbhifipe deoihs pa fabri@ dowrwdralyeditddfihRw4antbngenhance
the cooling by increasing the internal heat transfyer coefficients. The

pedestal s SEPENES RetLip areunvrrsdlyditegted gxitalSe /thongh shown viithayt padestplsovi de
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15  order to provide film coverage on the outer surface of the platform 32 (Figure 2).

Referring to Figures 2-5, in operation, cooling air from the rotor cavity 39
passes into the inlets 44, 50 of the cooling circuits 42, 46. The cooling air then
travels through the cooing circuits 42, 46 in a direction generally parallel to the outer
walls 60, 66 and inner walls 70, 62 to cool the platform 32. The air then exits the

20  cooling circuits 42, 46 via the exits 38, 54 and forms a film blanket along the
exterior surface of the blade platform 32.

The cooling circuits 42, 46 increase the thermal convective efficiency for
increased heat pick-up. The internal heat transfer coefficients are increased as the
metal temperature is decreased. The optional microcircuit pedestals 56 increase the

25  stiffness and resistance to shear by improving rigidity of the turbine assembly and
turbulate the cooling air flow. The slot exits 38, 54 provide improved film coverage
of the platform 32. The platform 32 has increased material capability and resistance
to creep deformation.

In accordance with the provisions of the patent statutes and jurisprudence,

30 exemplary configurations described above are considered to represent a preferred

embodiment of the invention. However, it should be noted that the invention can be



bl anket will protect the platform 32 fromthe hot gas recovery tenperatures.
Referring specifically to the pressure side cooling circuit 42 in Figure 5,
the core includes an outer wall 66 opposite an inner wall 70 and connected
by opposed 10 side walls 68 to define a cooling path froma downwardly
directed i s it 38.

Al though St PRSP By A P 2

coul d opti droat ityspiricbsdepe.he pedestals simlar to those in the suctlon si de
cooling circuit 46 of Figure 4. Again, the exit 38 on the pressure side
cooling circuit 42 is directed upwardly at an angle and is elongated in 15
order to provide filmcoverage on the outer surface of the platform 32
(Figure 2). Referring to Figures 2-5, in operation, cooling air fromthe
rotor cavity 39 passes into the inlets 44, 50 of the cooling circuits 42,
46. The cooling air then travels through the cooing circuits 42, 46 in a
direction generally parallel to the outer walls 60, 66 and inner walls 70,
62 to cool the platform 32. The air then exits the 20 cooling circuits 42,
46 via the exits 38, 54 and forns a filmblanket along the exterior surface
of the blade platform 32. The cooling circuits 42, 46 increase the thermnal
convective efficiency for increased heat pick-up. The internal heat
transfer coefficients are increased as the netal tenperature is decreased.
The optional mcrocircuit pedestals 56 increase the 25 stiffness and

resi stance to shear by inproving rigidity of the turbine assenbly and
turbulate the cooling air flow The slot exits 38, 54 provide inproved film
coverage of the platform 32. The platform 32 has increased nateri al
capability and resistance to creep deformation. In accordance with the
provi sions of the patent statutes and jurisprudence, 30 exenplary
configurations described above are considered to represent a preferred
enbodi nent of the invention. However, it should be noted that the invention
can be



4 practiced otherwi se than as specifically illustrated and descri bed w t hout
departing fromits spirit or scope. 5 CLAIMS 1. An airfoil assenbly
conprising: an airfoil having a base end, an outer end, a pressure side and
a suction side; 5 and a platformconnected to the base end of the airfoil,
the platformincluding a cooling cigenifgshaving an inlet on the platform
and an exit on the platform 2. The assenbly of claim 1 wherein the cooling
circuit is a pressure side 10 cooling circuit on the pressure side of the

airfoil. 3. The assemly of claim.2 further including a suction side cooling
circuit onl'the’?h%pgaﬁ§§FH%y8@nP%%n%irfoil. 15 4. The assenmbly of claim1

wherei n the coolghngf&l hWhd abisc¥hdt B oSEEADR prédBreQide dd¥Ea AlctibAIslde; 5. The
assenbly of claim1l wherein the cooling circuit includes a plurality of

pedest abfs. a8@ 6. The assenbly of claim 1 wherein the cooling circuit
includes a hollow netal core.integrally. cast w he atform. 7. The
assenbly of cl aiarﬂlgt‘??/mb?(g]nﬁc?ﬂéo B}eglgqsgreﬁq Pﬁiffeu?i Qﬂaﬁt&‘ecﬂﬂ&?ﬁgwﬁfg 4the 25
exit for medoblgOsiaitthafin@hahlebon fheGRatfirmtdhg aileditfoartie pRifodie assenbly of
claim1l wherein the cooling circuit includes a plurality of exits,

including the exit.

2. The assembly of claim 1 wherein the cooling circuit is a pressure side

10 cooling circuit on the pressure side of the airfoil.

3. The assembly of claim 2 further including a suction side cooling circuit on

the suction side of the airfoil.

15 4. The assembly of claim 1 wherein the cooling circuit is on the suction side of
the airfoil.
5. The assembly of claim 1 wherein the cooling circuit includes a plurality of
pedestals.

20
6. The assembly of claim 1 wherein the cooling circuit includes a hollow metal

core integrally cast with the platform.

7. The assembly of claim 1 wherein the platform includes an outer surface, the

25  exit formed through the outer surface of the platform.

8. The assembly of claim 1 wherein the cooling circuit includes a plurality of

exits, including the exit.

30 9. The assembly of claim 8 wherein the cooling circuit is on the suction side of

the airfoil.



30 9. The assenbly of claim8 wherein the cooling circuit is on the suction
side of the airfoil. 6 10. The assenbly of claim9 wherein the cooling
circuit includes a plurality of pedestals. 11. The assenbly of claim 10
wherein the cooling circuit includes a hollow 5 netal core integrally cast
with the pligtf ofle dembtD%r ARSATD WAcRln HeAloBlihe UIELEIRIIAE LOAIRPOF! r ol t
i ncl udes a passage extenhding parallel to an upper surface of the platform
bet ween t h@edastadd. and the exit. 10 13. The assenbly of claim 12 wherein the
cooling portion includes a plurality of pedestals. 14. A cooling circuit
for an airfoil platformconprising: an outer wall; 15 an inner wall spaced
away from tjhe outherasd@hbiyt&r Safmh N® FheeMl tHRAIcAlink! QWuitPRSRABE at R&lRPet ween;
a downwardly directed i nP,et i n conmuni cation with the cooling airfl ow
passagey amebtalorgmteglly adstrweith 8¢ pdatfarmi. n communi cation with the cooling
airflow 20 passage. 15. The assenbly of claim 14 wherein the cooling
circuit includes a plurality of pedestals extendi ng between the outer wall
and the inner walhe.asgdmBlg- of\Blagh I'f Niblerddh akd QbEMNMAS sRENE Yndlids Udipagsabde
cooling circuit of claim13, the assenbly further conprising: a platform
havi ng an @piseding paratiekbtoantupper sirkase of e platiormbgtvceaibe indet an dee exdhd

10 13.  The assembly of claim 12 wherein the cooling portion includes a plurality of
pedestals.
14. A cooling circuit for an airfoil platform comprising:

an outer wall;
15 an inner wall spaced away from the outer wall to define a cooling airflow
passage therebetween;
a downwardly directed inlet in communication with the cooling airflow
passage; and
an upwardly directed exit in communication with the cooling airflow

20  passage.

15.  The assembly of claim 14 wherein the cooling circuit includes a plurality of

pedestals extending between the outer wall and the inner wall.

25 16.  An airfoil platform assembly including the cooling circuit of claim 13, the
assembly further comprising:
a platform having an upper surface with a pressure side and a suction side;
and
the cooling circuit at least partially within the platform, the cooling circuit
30 having the inlet on the platform and the exit through the upper surface of the

platform.



the cooling circuit at least partially within the platform the cooling
circuit 30 having the inlet on the platformand the exit through the upper
surface of the platform 7 17. The assenbly of claim 16 wherein the cooling
circuit is on the pressure side of the upper surface of the pl atform 18.

The assembliy of Phel a6l etk d DReEAL SR GHLL il 5n O f8, Augh on, of de

5 of the upper surfac the atform asse 6 wher ei n
t he cool i ngf dieruppet surfact nfithe ;ﬂaatfdmur ality of pedestals extendi ng between an
outer wall and an inner wall. 10 20. The assenbly of claim 16 wherein the
cooling circuit is a hollow nmetal core integrally cast into the platform

21. A met hqg, of ”Pli@ﬁés&ﬁb@ WA es @'hélfeﬂi lhe'c%h &Lt RS rStheREct®n siB@ssi ng a
cooling fluid into an inlet in a platform of urbine airfoil 15 assenbly;

di recti hg whtheowper swgfake of thetphattoumph a cool i ng CI rcuit through the platform
and exhausting the cooling fluid froman exit in the platform 22. The
nmet hod of claim 21 wherein the platformincludes an outer surface, the 20

exit extendong tiheQdgMBINOf 01BN 6SWidréit@h®todlng ditcaltlifdlidesZ3plufdi@y BEt hod of
claim22 further including a turbine blade extending outwardly fromthe

out er surf @edestAls exiendingbetyeen an petenwalhaed fninnpewallncl udi ng the step of
passing the cooling fluid out through the exit and then al ong the outer
surface 25 of the platform 8

10 20.  The assembly of claim 16 wherein the cooling circuit is a hollow metal core

integrally cast into the platform.

21. A method of cooling a turbine ai.rfoil including the steps of:
passing a cooling fluid into an inlet in a platform of a turbine airfoil
15 assembly;
directing the cooling fluid through a cooling circuit through the platform; and

exhausting the cooling fluid from an exit in the platform.

22. The method of claim 21 wherein the platform includes an outer surface, the

20  exit extending through the outer surface of the platform.

23.  The method of claim 22 further including a turbine blade extending
outwardly from the outer surface of the platform, the method further including the
step of passing the cooling fluid out through the exit and then along the outer surface

25  of the platform.





