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 generall y to gas turbine engines

and nmore particul ar’lLl?R%ﬁ\lﬁ ARGORIPEATHORM 0OGL a turbine

airfoil. 10 Turbine es in a gas turbine engine exten outwardly from a
turbine blade platform In operation, the turbi ne bl ades are routinely

exposed to tenpe ures well aboye t. material limt i
engi nes, air ?Porﬁt‘%énY%‘HB? S "eé”flf OHFmHEeﬁ‘E SPRR P! H@a%rngg%@)g @ fised to
cool the bl 3099 MHLleddly thé-@nﬁeﬂzgfhltés%r%fce' ?h%%jovteﬂnﬁé}ﬁ ha®t@8en hgﬁt@lﬁgh a

series of rotor caviti es underneath the blade platform The cooli'ng 15 air
i s then iBnj dbisenventibpm t he hot mai 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

platformmy result in t@AOﬁGl@@@WmﬁTH@INGENTIW'“O”a"y’ the high
tenperatures can cause 20 oxidation of the platfornms. SUWARY OF THE

| NVENTI ON The pr e’lél@npresmenwmnpmmmsdg@eaalkyom igay twbimeuéngifer ard mordi ne
airfoil platfor The coplin C ermt her. inlet tenperatures
than the curPEHY rnlaﬁyrtf’&oloo g(élgtetj;?{i gflé’ﬁé?urgﬂgefmaf?lcl osed enbodi ment of
the pregent inventiBife biddes ﬁppgasrtwlaer@giﬁe &@RldSoutw a1 PhesSiuebisd Badef t he
platform while another cooling circuit cools the suction side of the

pl at form | rplgféarex dh opetation riheturbine bladps aeaPytinglyexnossd tortemperatisescwell i ng ai r

from 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 apeddafsd drk %ﬁdohé@mﬁiﬁc tkecifult@y iptovide RFRMirlenfloFitCAdd fiffrlel egrity
and stiffness for the platform The pedestals also turbulate the flow and

enhance coolffemiemlatiorrer ddsi prylesthle alyn Birbidptchidatflaw andfeaharssesdolisBdnit s. The
pedestal s al ?%agfngeth%e intéx@%f;%gﬁeﬁaﬂfg %ﬁ@feﬁé f OfpeC 8941és g ﬁfoQ/Yc‘i

conduction pa ween out I nner wa e coofing circuit.

The exit of ikaeRed oafdceqired fog Woblitl hvd provive czmdhttngl piths bétwewt theaowery as to
provi de the film covera%g on the platform This film blanket of cooling air
further pratdbmsr wak opihgicosling Gigduits from the hot gas recovery terrper atures.
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i nventi on can be un erence detalled
descri pti onpydede therfiindevethge pnahe peeforan i filh rb@nkacotbmmglamfudthmm ngs

wherein: FIGURE 1 is a schematic of a gas turbine engine incorporating one

15 enbodi meRFOteAts B piatiore; wal bﬁsf%ﬂﬁﬁh%ga&%owémer?tﬁ%nu 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 Figuile 3. 20 FI GUREBRIEF DESERIPENON@F TIHEVDRA WINGS essur e si de cooling

circuit of Figure 3.

d 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 disposed about an engi ne centerline or axial
centerline axis 12. The engine 10 includes a fan 14, a conpressor 16, a

conmbusti on Ee&hii®n oh8hanfstantt Mk &itdvd, WhichAtalySbeeinbldyee wh, ﬁ@sj furbigeprassed in
the conpressor 16 is mxed with fuel that I's burned in the conbustion

section 18 @lRefricalneaea gangrafian, plsgral, etq. Agdisiopalinithese are yagions #wss pbeasrs 13
and 15 t hat i : t Si I VNG - ressor
16 and fan %ﬁ@5$%§g®§%ﬁﬁ%gﬁ§?99§§ﬁ%?gggégﬁﬁﬁﬁﬁ}%g |%%ﬁ¢%v§&%%ﬁsﬁ§§?§e bl ades
20 and vanesotlBnitdd guheddsigrsshawnsomewhat schematic presentation for

illust rg%]i ve purposes only and is not a. 2 limtation on the instant

i nventi oh, whi chn&yPiBe bidds| 8y Bdllypryed in Gigirhdshavine 2 latarm da1ang fRer
generati on, ,:ai rhctaf : L4 I t her ri - gas

t ur bi ne eng?lﬁﬂgg , ﬁé?nlé%%/eng@% llﬁgﬁtﬂ%% bbefﬂrgf Plt% ﬁra gﬁﬁl\ﬁg p(r%ggltla%]%{ I i)\r/éé%r%ti on,
which is noivehtion tamdbd desttibeddeith gespsttaarits dppAcdtionhinreetubthiael®l4de 20s the
illustrated, in Figure 2 having.a platform32 and an airfoil 34 extending
out war dl y amntf%?ﬁ\ﬁ%élsafb;ﬂ@ﬁ?fisz.a 9 %?%Cﬁgeﬁrl@géw VARJSHEIBIE din be
described wrhf,[ESRERIdel D) inkfidBPR pr&ik Qlel 36 8f thid"Rirse 38! 3d@riQurelshe

i nvention could al so be utlnllzed in a static structure such as a vane 19

(Fi gurel@) . cooling dignisiene 38 mder@ imdleydasorm p2 esshe pressute s8& 3 of He airf oi |

34. A pressurge.sjde 10 cool.i .Cl rcui xit 38 is farmed in the platform 32
on the pr es%‘ﬂ'ﬁ%él%é"r d%r%t%r%ﬂmtyﬁg 18 gﬁf’rlllﬁgitbfjﬁ’ﬁﬁé“eﬂﬁ}tﬁ??&ﬁpavi ty 39 is defined
bel ow the pl atf orf 3grbinkhBlalidIn0i fehl aRGd0 af MickiBE sideNdb Ufede &igsigtdqon si de
40 of the airfoil 34 opposite the pressure side 36, as shown in Figure 3.

Fi gure 3 i soppasitatheypressuces sitih 86, asushbivmen Bligide 32 Figeretieiset plenlvigw ohdwi ng t he
location of tufbite Blade SO,Séc gm(a:lt?gallliynglowing 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 3, the pressure side cooling circuit 42
further i ndnddé$nesspifebs codingiateutd6l iThg pedestals 56 alsol tetbulide thEWdowasd i on si de

cooling circuit 46 includes an inlet 50, ite th its.20 54. Th
suct | og si cFé‘HEIEfSI gﬁgc‘%ﬂhpgu%f I%IE’%H% fhsr fnr% g]is h%ﬁuﬁ@‘%ggglf???g?lls?tﬁ' th?):dest al's

56. Fi gur espefledd 56 aloSroRHS PRESs¥E st RY¥Sraf fof b&lﬁ%%hog}oﬁhg GoARlibNY
circuit 46 and the pressure side cooling circuit 42, respectively. The

cool i ng ci rpthsttetw&n the oiiter wiaHé0eamt dlok impert walh 6A0f dreecandingicircait 6. tthat are

separately nol cgst and/or 25 chined to the configurations shown and
subsequant 19615 Hadit Acoofhe She ARG PAPrORR el frrgmes A SRR or 11 ng
speci fical |tfe tfAmt B epdbel dPtheShEler S@PILNT B rﬁ&tfdﬁ@zl(ﬁa@w%e The file core
i ncl udes an outer wall” 60 spaced above an inner wall 6Z. The outer wall 60

and i nner blenket @21 progect therpdafamh 3R/ freindee hetldas rgdverx temperatigesai r path i s

defi ned bet ween t he out.er I1.60, inner, wall]. 62 an ide. walLs,64 from
the downvar dry direstedoer firabReny Brohie SiaiPalid Griite i el 28 s
plurality Qor@pdRRESES obfr GANMCppokige arPiHnef whRI70 £Q RfediNBy opfdskd 62. The
pedestal s 56 increase the structural integrity 3 and stiffness of the

cool i ngOci riéda walleo8 fheefpecresediing 8 BiPwo dewbunahedirersed indsh mlongenhance
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pedestal s rovi de t nCreased surface area provi de

conduct i on theatdisurbeiderenliiheiratit £ codd bpiéhaiidndihée ihenrdesdk kidifarad t he
cooling circuit 46. The 5 exits 54 fromthe cooling circuit 46 extend
upwar dl 'y atth@se Brfle sugtionoyidfesodlimgfitsyit 4@ oft Fgume 4.m%cg@mert%€g@x1668 tRehgut er

surface of ﬁr@s%ut%l Ghd ngrﬂlng%lrg!l:l't qyné dgéCtedTlngljdiﬂt an angle and is elongated in
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

di rect ed i rjredticdd ottledwie ah@eapeperifivell palustihedandujrsaitsidywdhouwe clepattiagi t  38.
Al t hough shown wi t hout pedestals, the pressure side cooling circuit 42
coul d opti dRANIL SPHELLEOPEhe pedestals similar to those in the suction side
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; and a platformconnected to the base end of the airfoil, the
platformincluding a cooling circuit having an inlet on the platformand an
exit on the platform wherein the cooling circuit includes a separately
fornmed hollow core insert-cast into the,ppgtform 2. The assenbly of claim1l
wherein the cooling circuit is a pressure side cooling circuit on the
pressur el.si deAphirfollassemtilpcémprdingTlhe assenbly of claim 2 further including a
suction side COOILPg circFit on the,suction sid%'of thq:%jr;el&ki4. The
assenbly of ANAERY Tging & paserAd: A0 1 AU @Pressite sidg 2nd a UKo 54 i i ge of
the airfoil. , Blatfdhe ARSRMA % OF Habdend bf Weekiebll, tHeeplagorn Mplwdifg Widooling
includes a plurality of pedestals. 6. The assenbly of claim| wherein the

pl at f or neirouts|hadiag aarinistipp thes platiar and pk exik pp theoplagerm, triescin he ¢roligg capuit
surface e (Tpaalh i erein the cooling
circuit ﬁ%@b%;é%bga%ﬁﬁg%?%%gaggvgﬁgts, xﬁﬂﬁrﬁgﬁﬁgh?ﬁ%pexit. 8. The assenbly
of claim7 wherein the cooling circuit is on the suction side of the
airfoil._ 9. e ass ly,of claim8 wherein.the.cooling cihrcuit incl.udes a
plural ity of %gﬁéisfe@gg?o% .1mTﬁgﬁ%f§gletH%F?PlW U }%qpx‘ﬁﬁg%e?%e foling Sis ‘flﬁ%n
circuit ingplddslesside pRGSAREIEXt ending parallel to an upper surface of the

pl atform between the inlet and the exit. 11. The assenbly of claim10
wherein the cooling circuit includes a plurality of pedestals.

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

side of the airfoil.

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.
6. The assembly of claim 1 wherein the platform includes an outer surface, the exit formed

through the outer surface of the platform.

7. The assembly of claim 1 wherein the cooling circuit includes a plurality of exits,

including the exit.

8. The assembly of claim 7 wherein the cooling circuit is on the suction side of the airfoil.

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

10.  The assembly of claim 1 wherein the cooling circuit includes a passage extending parallel

to an upper surface of the platform between the inlet and the exit.

11.  The assembly of claim 10 wherein the cooling circuit includes a plurality of pedestals.



6 12. A cooling circuit for an airfoil platformconprising: an outer wall;
an inner wall spaced away fromthe outer wall to define a cooling airfl ow
passage therebetween; an inwardly directed inlet in conmunication with the
cooling airflow passage; and an outwardly directed exit in comunication
with the cooling airflow passage, the cooling circuit adapted to be nounted
into a platformof an airfoil. 13. The assenbly of claim 12 wherein the
cooling circuit includes a plurality of pedestals extending between the
outer wall and the inner wall, the pedestals each including a passageway
connecti gy anAcpelngwgrauhirfaughaitfbié platforn camprisisgad an openi ng t hrough the
inner wall. 14, An airfoil platformassenbly including the cooling circuit
of claim13, Wh@nﬂ§§%Lbly further conprising: a platformhaving an outer

surface W th an MM SHHEscet aday feors URd loer Sidllefo a&fhet heo6R®Y altfowi fa8ssigt at
| east partially within the platform the cooling circuit having the inlet

on the ptgtrdbet¥eerind the exit through the outer surface of the platform 15.
The assembly gf il it IeEhTlodnlfufioRioh AHGhE Eiing 2508 prggsure side
of the outer 8{51& faacgho?c %Qﬂe ep:' atform 1. Q‘%e asselnﬁlay o?' %F%Fmaﬁ wher ei n
t he cool i ng cam euivwardly directddeexstiét icommsingetiaf withe theut@rlingsairflew gasshagd, htbe
platform 17. The ass ly of claim1l4 erei.n the.cooling circuit includes
a pIuraIFgémgf"ﬁﬂbgg?gggo%%QF@ﬂﬁgﬁgg58F$§3ﬂ0 ﬁ18958r wal | and an inner wall.
18. The assenbly of claim 14 wherein the cooling circuit is a hollow core
f or med segarately fromthe platform 7 . o )
13.  The assembly of claim 12 wherein the cooling circuit includes a plurality of pedestals
extending between the outer wall and the inner wall, the pedestals each including a passageway

connecting an opening through the outer wall and an opening through the inner wall.

14.  An airfoil platform assembly including the cooling circuit of claim 13, the assembly
further comprising:

a platform having an outer surface with a pressure side and a suction side; and

the cooling circuit at least partially within the platform, the cooling circuit having the

inlet on the platform and the exit through the outer surface of the platform.

15. The assembly of claim 14 wherein the cooling circuit is on the pressure side of the outer

surface of the platform.

16. The assembly of claim 14 wherein the cooling circuit is on the suction side of the outer

surface of the platform.

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

extending between an outer wall and an inner wall.

18.  The assembly of claim 14 wherein the cooling circuit is a hollow core formed separately

from the platform.



19. The assenbly of claim 18 wherein the cooling circuit is cast into the
platform 20. The assenbly of claim 19 wherein the cooling circuit is a
hol l ow netal core. 21. A nethod of cooling a turbine airfoil including the
steps of: a) formng a cooling circuit having an outer wall, an inner wall
spaced away fromthe outer wall to define a cooling airflow passage

t herebetween, an inwardly directed inlet in conmunication with the cooling
Al er 1 oW RgeSag o QlnANNRLAY 5 WreRE] B cBilrs i NUMTREARL Blrpith L1 1 N
cooling airfl ow passage; after sard s eﬁ a), positionin the cool i ng
circuit within a platformof a turbine airfoil assenbly; c) passing a

cool i ng uid jnto the i.nJet n.the platform.of.the turbine airfoi

aosenbry 20" ) The sSenR g Fladh ABSyerk P el MieRiGuists 1 HUIOBRRHETES roui ¢
through the platform and e) exhausting the cooling fluid fromthe exit in
the platform 22. The nethod of claim21l wherein the platformincludes an
out er suPf-aceA metboded qoolipg e Bibing girforlrinelu¢ing e skps 6F surface of the

pl at form 23, The 0! 00tk el BaPRg WEARE o NS UGy LAER] AP hafione

ext endi ng outwardly “from outer Surface o
further butet wdilng téfmess epobifig pafswnppstdge therebétwgerf, | ani thwapdly ditectedginlet e

exit and c;[)rpu%rllnfac.!altcl)orhgw'ftﬁ| %eogc}o?i'ﬁ g Sayrhz)\%cp%ss%fge ,t argleo \l)vz%:[di

yocﬁirr]gctescl exit in communication
with the cooling airflow passage;

b) after said step a), positioning the cooling circuit within a platform of a turbine airfoil
assembly;

¢) passing a cooling fluid into the inlet in the platform of the turbine airfoil assembly;

d) directing the cooling fluid through the cooling circuit through the platform; and

e) exhausting the cooling fluid from the exit in the platform.

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





