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METHOD AND APPARATUS FOR COOLI NG AN AIRFO L [001] The government may have
rights in this invention, pursuant to Contract Nunber F33615-02-C- 2202,
awarded by the United States Air Force, Wight Patterson Air Force Base.
Background of the Invention [002] This invention relates generally to gas
t ur bi ne engi nes, METHOBOAND: APPAR AHUSYWORCOOLINGANAIRPOILCOO! i ng. [ 003]
Efficiency is a primary concern in the design of any gas turbine engine.

H storically, one of the principle techniques for increasing efficiency

has be 0 4 aﬁ% : - ) Wil 'n{“&, Usi ng

[ nterngﬁﬁPy cgﬁﬁ%ﬁééﬁnﬁ%%ﬁé tsvgrglggtsf' 1trl gﬁﬁﬁ“‘f’?%%@t@%n@%%% y all oys
has accEiftdd&2e0-2202, awncdsekineitic Unitpd Sadtey AR Fofae, Wright Phadrosn Aitdfoese and

bl ades, for exanple, are typically cool ed using conpressor air. Cooling is
typi cal B§Seextract ed fromthe conpressor at a tenperature | ower and pressure
hi gher than the core gas passing through the turbine section. The cool er
conpressor air provides the nmedium for heat transfer and the difference in
pr essurBa¢kgrounibef thedneesti|y required to pass the cooling air through the
stator gr_rotor stage. It wll be understood that c ressor, bleed air for
such co@P?Lg{kW fnveptdon relases $R6Tadlvite 2aLYRInE CRBRts 3] SipTe sPacHiEadl¥nBust or . A
si gni figahte -p@ngggﬁ&_ge of the work inparted to the air bled fromthe
conpressor, ia"llowever, s lost during the cooling process. The | ost work
does not add to the thrust of the engine and negatively effects the

overal | igiency of the engine. A person of skill in the arf w.ll

Fecogn 8851  FUEEREy & a prGa Sharenia f dedigdisbans £ BN FERE FHRPEFRY: gai ned
from hi glaesr tkOpnciiie iRRhifued RIFPRISLHpaTTiSRACY NR Bl &Pt leadd the gedpdtR CoOl

t urbi ne conponents and the efficiency lost “frombleeding air to perform

t hat coempagiurghwithinithe enginer Usinglintemgh g avoledterepénentsanradei fromdight he cool i ng

Cacr 11 GEPP GG BaNT e e wpetdiet BRarerhavA e SRORCYRGRG
ai 1 f1 owdns anPRIadds, foR ERMSplcORre 1RYaIRCHRIER fsiig CofirkdRer ak.ads@irgﬁ vanes nust
optim ze the utilization of conpressor bleed cooling air. Airfoil cooling

i s accolypicahexirasied feom éhanedmpriessor siovlempgratirn laweraind pressunepighge tantthend
];rg'[ ﬁggs&’%] \g/:?scﬁalsgnrllg thei\'cloltlghe{he%e ?nreastegtk n. Fheoole? %gﬁg%séoqgirogm\?ildtlas the (r)rlléd?&n
for heat transfer and the difference in pressure provides the energy required to pass the

cooling air through the stator or rotor stage. It will be understood that compressor bleed air
for such cooling will be unavailable to support combustion in the combustor. A significant
percentage of the work imparted to the air bled from the compressor, however, is lost during
the cooling process. The lost work does not add to the thrust of the engine and negatively
effects the overall efficiency of the engine. A person of skill in the art will recognize
therefore, that there is a tension between the efficiency gained from higher core gas path
temperatures and the concomitant need to cool turbine components and the efficiency lost
from bleeding air to perform that cooling. There is, accordingly, great value in maximizing

the cooling efficiency of whatever cooling air is used.

[004] Thus, to minimize any sacrifice in engine performance due to the unavailability of
cooling airflow to support combustion, any scheme for cooling blades and vanes must
optimize the utilization of compressor bleed cooling air. Airfoil cooling is accomplished by
external film cooling, internal air impingement and forced convection, either separately or a

combination of all cooling methods.
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EH 10839 1 [005] In forced convection cooling, conpressor bleed air flows
"through the internal cavities of the blades and vanes, continuously
renovi ng heat therefrom Typically, conpressor bleed air enters interna
cavities of the blades and vanes through one or nore inlets which

di schar @eS] i ht forded@ohvéceibn aboliriy térmpssor BRGH afr flow Cbfdugh ghdimterR@@avisigown t o
be very effective but requires a great deal of fluid fgl ow to be bled off

t he con®rthe blades yud vapss. |Cﬁgtmwr'wrr@frlovmgrhﬁrtébwfrﬁ§l i Lypigadly,eampressat bleed ed i n
a_conpl ﬁﬁeﬁﬁﬂflﬁr{é&%ﬁéd&{ﬁesr@'iﬁee@adé'a% vaﬂr{lethioglgh'o%@gk %ré‘{?ﬁ’ SRR NG of an
I ng s a

airfoil m CcoO0 ol es no egree of conpl exi ty but

i s al sodissimtdes intbtthenntdmallcavitibe appreci ated that once the cooling air
exits the internal cavity of the airfoil and m xes with the hot conbustion
gases, a severe performance penalty is incurred due to the m xing process

cases, 1006) FERTBOIMFRRNCEA U RUR Srfbbctie ket e glbet o 5
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hol es. The term ‘bl eeding” reflects the small difference in pressure

mot i vat # FYIPIRE 28 BYRERS vamangER dpo.thelabRewimAnd Bachining pf 21 pigfodiwithyfilm The
film of | ole f irects the
fl ow of &ﬁl Br’?%ﬁ@?ﬂ%‘f‘@ﬁ‘?@@ ot gaglrdgl(s\x/é ufrtgs(r:nﬁ &)Sh? r‘ha‘!v{“ ﬁ#dn%e?eases t he
uni f or nagpyecidted that cmel thﬂgoolir@rmi" dxiite tiveainteynadl Ravitypofethe tivfoibandfmixes vithrthe he

passi ng hot gas, stream fl ow. erson of skill in_ the grt w |l recogni ze,
however 1oteh “?tqu‘rﬂaé%ﬁrsﬁ\jﬂ?ee raneg penalty iscumed due 1ihe MiXIAR RIseyANdhe

turbul et d?f‘?é(‘bﬁt(%%&’atu?é le@e@%?tﬁe%ﬁh&@ﬂ&@@m A known net hod of establishing
filmcooling 1nvolves posr I oning co ng holes in or adjacent the |eading
edge of an airfoil in a "showerhead" arrangenment. The shower head typr cally
i ncl ude row of cooli.ng .hql on ejther_side of the |ead

cool | ntVOR) Bemie i il el cxabhilyd A B FRUTEATUSTELE FPTSETANS m

for mat i Qivor birob I HIGRBF %lee&ifﬁg coSYGE Beast chﬁﬁ%ﬁ&és arl‘ié)éé’nﬁf"bié@c‘hﬁ %

positioned directly on’the adi nd” edge. at ent No.
di scl oseflean thexsamal @ffefcnsmmﬂprassuwmanwmgnhc ch@im@]aiCGne optlmbhEmadismtwa‘t ed

with usjn a cqolir ir film t ivity to
bt ssur Wedinaie, thi ns bF Gieling al stk ot i Btface, e st mefibs Dot
across Hg h §RQIaéhe gg&l gab hwﬁf‘ﬁ%ﬁr thB Qirfil, ircPeds8d th@lﬁhlfbﬂﬁl@y bf\Re E@@%ig?g core
gas rather than aid™in film

and thermally insulates the airfoil from the passing hot gas stream flow. A person of skill in

the art will recognize, however, that film cooling is difficult to establish and maintain in the

turbulent environment of a gas turbine.

[008] A known method of establishing film cooling involves positioning cooling holes in or
adjacent the leading edge of an airfoil in a "showerhead" arrangement. The showerhead
typically includes a row of cooling holes on either side of the leading edge. The cooling
holes are angled aft and are often diffused to facilitate film formation. In some cases, the
showerhead includes a row of holes positioned directly on the leading edge. U.S. Patent No.

5,374,162 discloses an example of such an arrangement.

[009] One problem associated with using holes to create a cooling air film is the film’s
sensitivity to pressure difference across the holes. Too great a pressure difference across a
cooling hole will cause the air to jet out into the passing core gas rather than aid in film

formation. Too small a pressure difference will result in negligible cooling air flow through
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formation. Too small a pressure difference will result in negligible
‘cooling air flow through EH 10839 2 the hole, or worse, an in-flow of hot
core g t S, -.ag\ e ' ' e A . Anot her
o ol ot b O FEARELP G Nor By BALERP A BRe FAEE I EORT: .o

cool i ngfedctivéressli Ap@RSTobleANaschctNE® WthRRIN b1 to RGablkd fARPCbONhg idat
airfoil, rather than wuniformy and along a continuous |ine. The gaps

bet weerca®§ag pifds diepansed fam disaels pointlangthe spanielihe witkihrahenthese gaps, are
exposed . t. | ' i medi atel y
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di st r esignmetbiteBrioisigtresi obthose R pak @kpskeditd fessisodlmghed tBsn i@ thshalbd arh film
cooling is the stress concentrations that acconpany each hole. Stress

concenthaspasasiraaodinisly deverstrenm o she haes. apd pig thersiere mege fuserptidlatani ¢ for ces
or t hertﬂ@lﬁna‘?)ﬂ%ﬁ@@ho Qet a%@lcfﬁr{omeﬁ"jas@fcigt?él é@t’l‘(l us &5 e?fab ;ﬁlrn]il é%oh ti?nd' ng

bet ween a J acent S. coollng e Verress genera NCcreases

when t hiae 6@€8s icoacanhisnsahft aCtafpdny daole kold. Sndsskoneatiratibhs aévelopsbdd ow angl e
relative to the external surface of the airfoil. Skewed, closely packed
aper t urleads @igalyresudting framdynamig-forges o theamal expanson)ase FaHed bYRAEOW! j | m

i . _ _ ; . . _ S ¢
" adeq SParts bF fafboll] E8LRTng BEWALn SIaCREhLR0, Pt coblidchOR RS ety O
art conihtguseatwhenshdieooting oles ate diodebp patiked ase skawediaficat laghaliovg arglge al i gned

wi th an average stagnatign |ine, that extend perpendicular to the external
sur f aceFehlive mﬁwaﬁmﬂl purfageqf “E“eﬁff@ﬂatng\ée‘bGi%eb’a@c’(‘WﬂR?H“T‘?ﬁchW?’é‘F"r and

combuSt af JEACHCHEls cARERHIRAL | Tl Nfn oA RqRIAS Bafafbil B ot .

di verge ar the suction and pressure si ortio e alr

sone of ait ethglxespassibility iofi thadequakeecdodiag iof theashter . suifheespd thet aifbidbng  t he airfoi |
where the velocity of the core gas fl ow decelerates to zero (i.e., the

i mpi ngenent point) is referred to as the stagnation point. There is a

st agnat n‘oqrq POLRL gﬂbr £Y E5nficD PRI Afve d?)%ﬁh% hoRs Asph&dlif the 1I8AHLE gdg%dﬂfg&c‘?”d

collectively those points™are referred to as the stagnation ~linhe.
i npi ngi wigh am aweragad§tagration line, thazdiend perwadicelas ththe gutemal yurdiiceef thed ar ound

either side.of the airfoil. | ct ual ractice, rotor speeds and core gas
Vel oo tittety High e Gore g v Bisgi v B GRS RN PRGOS a1 unct i on
of ti ”EerﬁBQntBﬁﬁg IHeQEhcﬁ’ﬂ g’&ﬁgctoli‘%n LBl Wil &491%9. arcﬁflﬁfarlhé‘s&%h hﬁ@pfé@étﬁg side

arrangenents can experience an asymetrical” cooling air distribution. For

exanpl eportiohseftthahirtoilawithtsome of theegas inpinging emthe déadingaidga. Thevpoint sloogi ng
hol es C&HE artfoil where the velocity of the core gas flow decelerates to zero (i.e., the impingement
point) is referred to as the stagnation point. There is a stagnation point at every spanwise
position along the leading edge, and collectively those points are referred to as the stagnation
line. Air impinging on or adjacent the leading edge is subsequently diverted around either
side of the airfoil. In actual practice, rotor speeds and core gas velocities vary depending
upon engine operating conditions as a function of time and position along the leading edge.
Such a cooling hole arrangements can experience an asymmetrical cooling air distribution.
For example, an actual stagnation line shift to one side of a row of cooling holes can urge -
exiting cooling air to one side of the row, consequently leaving the opposite side starved of
cooling air. The fact that the stagnation line can and does shift during airfoil operation
illustrates that locating holes on the average stagnation line will not remedy all cooling air
distribution problems. Cooling holes extending perpendicular to the external surface and

skewed spanwise do not resolve the potential for asymmetrical cooling air distribution.
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exiting cooling air to one side of the row, consequently |eaving the
‘opposite side starved of cooling air. The fact that the stagnation |ine
can and does shift during airfoil operation illustrates that |ocating

hol es on the average stagnation line will not renmedy all cooling air

di stri otip nABb,Oiﬁn&gp'ior@Cﬂdnﬂguﬂaﬁbﬁ@erﬁpﬂb? AdieAch REhe RAdingWdae with doblng
external surface an skewed spanwi se do not resalve the potential for
asymethalesgxingointiggtrangh. dilsicopling helas anediscraggodingepints withgmceelad amas or
art confi i I ' ' Lh@.  hol es
o t1 ngrpeel’ PRI HIA siF AR InEheAR L ARG 18 SHA% M bh G99 Wiin 1P 1
uncool atle aterasand bledbuvasihe Forche ®ilyito @sdof the et refjires thixahé tefndhbsuch t hat
the cooling air can dwell within the trench and bled out of the trench.
Key t o filed with coplingrair dlowesti the additien of tee manyiferlipgholes raguiresgt h cool i ng
air. Hog | 11 | ' .

a1 g 1 St cant BRuALGE bl B ioRPRDoRRn B RERE AR Brbine ey

i mpact dfficieheye ABSS oo ingahg\cookhSholed poated aythe teldinpgedge be thel ixeil esh ereatehe

| eadi ng edge of the airfoil can create wundesirable thermally induced
st r ess addesirabltethgEnally ipdvesdatressie imibe aaetal pghwasa the holes. furtheg A the tresich ot

adequat;g h}ﬁh;dehhftgl thifd tﬁé]?(h?ré is aﬁsk loP lﬁn&:follé& OR b%ﬂvéén%ﬁ? th%E."‘Fﬁa'allg Nfie MOl es.
Finally, the prlgr art configurations rely on filmcooling to cool he

| eadi ngprivatget contigafationd relyhen fikadoslng tedgel thé leadingpdipe and)afa of thgrieddiggnt
anount of cooling air to ensure adeguate fi.lm coveragqe. 1q012l Tur bi ne

engi ne HlegdMSIELIHRS A S1ERHIFBHAPANK of coplingainioensyre pdequate filmcoysragey el op
nore efficient ways of cooling airfoils and prolong turbine blade life and
reduce engine operating cost. Cooling air used to acconplish this is
expensi[@42] nTerbineenginedlalealekighersland enginegrs amronstditlysstrinmgao deévabop inves and

ef ficient use of avail.able cooling.air in carryi. ut . cooling of  turbine
i 11 oi | TRt Yy eopLies affoils snd BN it el fifedndredie Rue Rl oBrrating. not
only tQdf. 0('3&51915 dithiRh @@a&ohﬁﬁ’i‘sﬂ) tid fs%xg@ﬁéﬁv@hstﬁn{s%f 'oggfaﬁ\fﬁelt&ﬁsﬁﬁﬁﬁ&i. ency

of the engine as well, thereby |owerin engi ne operating cost.

ConsequBns| snore ¢ffective endieffiorent nse ofavaidalde Conlingiairfivichrgimglaungoalingiafns  t hat
wi Il make .nore effective.and efficient use aof. available cooling air. [013]
Thus, "ERine &Fod s, & leeriB SEs BT Bfolis desHabE; il Saly Bafplongt o
| pr oV eglrbi kO MkoNJifE G5t R0 36 hf@%b@m‘cferfﬁéi&& f tRe LifARE wwaqi,q%%,{ Rfwengf Of |

that provides reliable, conplete and uniformfilmcooling while optim zing

t he coodnging eperatingaosts drgnsequenpdhere ngja consingingowsd forsaidoil scelingdeasigns he

SPaci NGy ReL MRS Rke MoreQRlcli0f aRPEFLINP Sse dFVAillPle coldidh oS Needed 1 2

[013] Thus, what is needed to extend the durability of a turbine airfoils is an improved
cooling design suitable for use at a leading edge of an airfoil that provides reliable, complete
and uniform film cooling while optimizing the cooling air necessary and reducing the stress
associated with the spacing between the cooling apertures. Further, what is needed is a
leading edge cooling configuration that employs film cooling, impingement cooling and

convective cooling and that can be manufactured with the casting process.
Summary of the Invention

[014] The above discussed and other drawbacks and deficiencies are overcome or alleviated

by the present invention.
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| eadj ng edge cooling configuration that enploys filmcooling, inpingenment
*cooling and convective cooling and that can be nmanufactured with the

ot ner | PRSEaRREre TR prb et B BRI Rl e OB TRYRHC o7 st

I nvent i gifectil©4fdroddhac RoSER Vel BYEIN ledinpeayd 6fem @foidid Esthbingfs Wit figMst em
that enploys a new and effective approach to convectively cool a |eading

edge ofCcoghngi ki particylay, Hunermbinatinn povides pn advantage ovef. the pripeart leadingredge hi s
A o . o q k
cehenoa dofilg BT R SHARRANE HE el ol ine BATRE B 8068 e,

| ess compreRopiie fsefuiidl lieSs E@fiplesd airl fRIS redGINDINEBS Aldiwbrial hdwntdge®l ts in
t he additi onal advantage of providing an increase in turbine efficiency

Wi t hout Pravidings ipcrgpsed g tphipegfiigionqy wishewiafyersely pilegingpirdoihdvmbility.of t he
present invention includes an internal cavity into which cooling flow is
flowable froman end of the airfoil, and an external wall which includes

sucti onf0aed Tha df6iloe tiwi plessnt insentivnmiaclutiegat tsmaA talieagtaghikhdobling flowg
edges and extending froma first end at a platformto a second end.

Cool i ngs Slowabledramn g endhpbihg airfoih and gn exiemal wallpyhich ingludas shctipp ppdigh a

I ¥ N o . r : . . q
pedogt drgesle S hfjoin P p0fer ANER Ty MHRRE bty ol BFETUGR P06 b S BHBPC
cool i ngataiplatfotir torgseotridendn € aplia g airrfrors tebeiniiral tavify dnters adirstiphenud r f oi | .
Simlarl giugcool ing air fromthe inter n@ll cavity enters a A second plenum

t hr ougHhEpugh rpAymitly Qfrinlets WRRIN2qs AN BWrgHY OF disprets baw 1ig shapedirserstale
pedest ajd is Ak Pinkl & By ol bt BoR! HEAiteLYine Lo aiblife bBIndlhichich 1 he
the ewal | to fi

cooling air over onto uction si m coo e alrtoil. [017]
As descsiddyend! talfdinecool the aprfeis eBimilanlyecodling atrafiroroehd impireateaviegertend aut i | i zed

t] it h | t i airfoil (blade and. y
ot BT e o BT Pt AP ieonses bm SR SRS sty
ef f ect i Mf ik BREABY irkd8 Pludblie) B SXit SIBR thaacﬁfeegme@e&i%@r b@r ohid e 26@dnng

provi des a cool er | eadi ng edge design, as conpare o conventional and
cur r entsideiedi 9rfdm coolithe aithieil.pr esent i nvention provides a filmof cooling
air having increased wuniformty and durability downstream of the |eading
edge on both sides of the airfoil. Another advantage of the present

i nvent | @17] SAL BécriBéd BScve! the PrdibAt if 6chtidh QA8 bk MplfidlieA@nd dffzedid ar eas

I mredi ately downstream of the | eading edge. Further, the design of the

pr esentconnection with many alternative airfoil (blade and vane) configurations. The combination
of effective convective cooling and effective thermal insulation on the leading edge due to
film cooling provides a cooler leading edge design, as compared to conventional and current
designs. Thus, the present invention provides a film of cooling air having increased
uniformity and durability downstream of the leading edge on both sides of the airfoil.
Another advantage of the present invention is that stress is minimized along the leading edge
and areas immediately downstream of the leading edge. Further, the design of the present
invention permits the spacing of the exit slots to be spaced so as to uniformly spread the
cooling air in a blanket for improved film coverage while providing turbulence inside for
increased heat pick-up and improved cooling effectiveness. Thus, advantageously, an airfoil

leading edge employing the beneficial cooling design of the present invention will not only

have a longer service life and durability but also improve overall turbine efficiency.

[018] The present invention also contemplates a method for cooling a leading edge of a

turbine blade suitable for use in gas turbine, comprising the steps of fabricating a microcircuit
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inveption permts the spacing of the exit slots to be spaced so as to
“unifornmly spread the <cooling air in a blanket for inproved fil mcoverage

whi | S _ oY ; A . q
ool g Dfin S Radill BLRROLARFRob e o HEFRSHS e LRI lihRB ol TR OV
enpl oyiing 4 plerdieyof inkitabf thoalicmgirelési gn of the present invention will not

only have a longer service |life and durability but also inprove overall
turbine efficiency. [0181 The present invention also contenplates a nethod

for cogly i f I i . [
tur bi 0120 € 4 e ARt fodyres i PhABRDIGECE! O phebhint il S HRE .
wi t hi n dpparehemdighy of thgeleaifldd geseviptiomaf the blestngode embddimeritritherest, @aool ing flui d
source to flo jnto a plurality of inlets of the mcrocircuit. [019] These
and otH PStEﬂS‘f&tt € aGCOMPIPYRE SFIVIBgR ant ages of the present invention will
beconme apparent in light of the detailed description of the best node
enbodi nent thereof, as illustrated in the acconpanying draw ngs. Brief

Descr i pBriefDedcriptionofdhe BDyawin@80] The present invention will now be

descri way of exanple, with reference to he acconpanyi ng draw ngs
- whi 20 gl et ngiepion, il vk Be SERcTRm Dot S P LA R i ST GreTEe g e of
the typge QE0YnMELPhg dpBvingt!Wvhighai rfoils of the present invention; [022]

FIG 2 1s a perspective view of an airfoil incorporating the cooling schene
of the present invention along the |eading edge; [023] FIG 3 is a parti al

i ew of il.lustrating cooling air f]ow across.the |eadin e of
Vhear v g1 B i s se oG en O a el witie eRENC SE e e Thelel e e
ai rf ol ltufind4ifoils of M PresehOferdiofi; of FIG 3, having an internal cavity,

feed inlets and exit slots; [025] FIG 5 is a partial perspective view of
the | eading edge of the airfoil of FIG 2 illustrating an internal view of

h i [ i.thin. the |eadi dge; [026] .FIG .6 i i al
per spedtPeb SRR abshwelishg ey B8 Ao B mrotalny i 5otk uber B g
i nl Ie_t s;prgget?_t gﬁaﬁoﬁgg theiléadthgddtigki al perspective cut-away view show ng the
cool i ng [

[023] FIG. 3 is a partial view of FIG. 2 illustrating cooling air flow across the leading edge

of the airfoil of FIG. 2;

[024] FIG. 4 is a partial section view of the airfoil of FIG. 2 taken along 4-4 of FIG. 3,

having an intemnal cavity, feed inlets and exit slots;

[025] FIG. 5 is a partial perspective view of the leading edge of the airfoil of FIG. 2

illustrating an internal view of the cooling design within the leading edge;

[026] FIG. 6 is a partial perspective view taken along 6-6 of FIG. 4 that illustrates the feed

inlets; and
[027] FIG. 7 is a partial perspective cut-away view showing the cooling design of the

present invention in the leading edge of the airfoil of FIG. 2 and illustrating how cooling air

is fed from the internal cavity into the leading edge.
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present invention in the | eading edge of the airfoil of FIG 2 and
*illustrating how cooling air is fed fromthe internal cavity into the

| eadi n %g; Iyl on O The Invention [028] A gas turbine
engi neg?g&ﬁgﬁ a@ﬁ'g%gg?ﬁjﬁrlﬂgﬁbmﬁ'sed for power generation or propul sion,
ci r cunf @R8Nt Addak Yurbling RASIAE 16000dh a8 A g@N@IBIRe G B bbWEr geRbrafish 8F centerline
axis 12 is shown. The en?lne 10 includes|a fan 14, a conpressor 16, a

conbust Prepulsien: siswmierentialNudispased phaut ap engise centoRding, aragigh cmertlm agistl2 air

conbust Por el eGP IERRReA R Ak 4 Biheblhe i Sombllfep elugh I LaR4" "

the conprsins20. A6 iswel] kh@wxfl uetlhem1X51u5&nppemﬂdﬁﬂlddbmﬂiessbm@isnﬁlxwmmn bot h
be referred to as a _hot gas stream flow (hot conbustion gases, gas flow

st r ean) fusbwhiches burmed inethe sombutiondeafianokioms expangeddn turbine 28s Jdr9& to t he
i 'chdgn%r%er natthg col Pe%séﬂ‘;é. andTRE fii2P i )%%Pel ex%gﬁde[) ér?e“mﬁtﬂhezé HLPLAE b20

conpr rotary air r QR ANe St 26.

The userediteidhe a§y&ngEsQ&eﬁh(ﬂoul(lioScdrﬁbushbh (gadds as\fﬁwpstmgm OMeMubivie | S
not a |limtation of the instant invention whic be enpl oyed on gas

t ur bi nedV inghides rotors 22 which, ip resa@me to fefEpansiogh f%Fﬁ'& ViRg taﬁpompwzgqr 16
Ref erri t
doscr | v Rt Théhibine B0¥sthotsed dEnRRRRAs bENEy afbilior i@ oREng

i nvent i vmes %6. GI’héSusesofah@aystembf i W isfortillastrativa parpekesdi®y azd isHoeabl ade 24

i ncludes a root_portion, 28,  a I, form30, an airfoil 32, and a [
The bl al@itauonefLhe P%&“&H@’&“%P &’&F%YW%‘B‘PRJQW oty gasdprbijes HF‘&;@& Pl@cgﬁaﬁwm |

42 spaclg\diver&%&g%ﬁ Xdp.‘glrclq,?_ﬁcunf erentially in nost part froma convex,

second or suction si 44. The respective sidewalls 42, 44 are joined
together at axially opposite leading and trailing edges 46, 48,

25" ahor 3BhERefimnedRaw SoPIcl dan e hareadsett invaidioy s OF%E' rbfEFERA oses
the ai rfqiderspéetivedw of iR lﬁhdef}.Ql &f tRS prebd@it ifvEnBiSh SFIG 3 1l dartRf vidw 6fthe

I ncl udes the suction sidewall and pressure sidewal | 4Z. The respective
si dewal blgdetof Flfxn %)ﬂilermmdcﬁdfldow&@ drspvpartion B8, 4 platforny 38, dirfail BRrapdedges

46, 48, . specti vely, . and . spanwi se hetween t | at f orm. ng, the tip 34.
The non i aFo R blafe pXalsB MciBR8 A keREallY b Ve 1St & bl kv e o
the ai r faRirAlly3ar c:icﬁﬁ@&reﬁﬁlﬁﬁh'nﬁ&t parogh rﬂ:cﬁveﬂ; seBoRPérisudlioPA8dWANM. Thew of
the airfoil of FIG taken al ong 4- 4 of 3 is shown. The airfoil 32

i ncl udersspasve sldm‘yalés 42;ﬂémmonmddpgqigarﬁamﬂllggpg@1te leading and trailing edges
46, 48, respectively, and extend longitudinally or radially from the root portion 28 where the

airfoil 32 meets the platform 30 to the tip 34 that encloses the airfoil 32. Thus, the airfoil 32
has an extemal wall 38 which includes the suction sidewall 44 and pressure sidewall 42. The
respective sidewalls 42, 44 extend chordwise between the leading and trailing edges 46, 48,
respectively, and spanwise between the platform 30 and the tip 34. The hot combustion gases

50 (FIG. 1) flow across the exterior wall 38 of the airfoil 32.

[030] Referring now to FIG. 4, a partial sectional view of the airfoil of FIG. 2 taken along 4-
4 of FIG. 3 is shown. The airfoil 32 includes one or more internal cooling cavities 36
surrounded by the external wall, 38. The internal cooling cavities 36 may be of any
conventional form, multi-pass serpentine channels (cooling circuit), with cooling air 40
typically being a portion of the air bled from the compressor 16 (FIG. 1) of the engine, as

described hereinabove. i
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surrounded by the external wall, 38. The internal cooling cavities 36 may
“be of any conventional form nulti-pass serpentine channels (cooling

circuit i 0l i j viphecal Ly., bei rti.o f the.air bled
Cromt st RERA AQR PGS st ireiokdy 3 s ROUhRD: Blsnbitd il povs
EH- 1083&teinhlORdl] 3Refiérg the (eadiny ddge Bb CPhe Bemihds 2% wHidieindlutéDa base34i apdlaudes a
trench 52 disposed in the external wall 38, along the | eading edge 46. The

t rench BT ohQUPEHINE sidewabs 56, ippeséerably srfered o linegid GiiFed) isgresentativg ofs 56,
'S pretil atFo?ﬂ%rf&E?)ﬁ g%mlghés{ ﬁ‘e%hgo;aggpégt ngéor{cﬁ{%nessfs{‘é g} :cﬁi%gﬁlécap Pea gi ven

stagnation Fines est erating co

appl i cathe@inafiehthalin@vile be tdferied ior thd 19tadratioe Later RATHIR, the tieheh 5Bisaagnat i on
Line"). Thus, the trench 52 is Fart itioned into a first ]gort ion 58 | ocated
pr oxi neRastitienedrntors st pertion 5§ dagatad proxigiete tg thepssaire pidewalbA2 eud psecdndd

r oxi . ' ' . . fil 1 ! ' , 60
Pongi ¢ QTG b MRt Sfbatd SHENcudhigkRE s The Bl ESEUaBBRIAR, &5, °F,
i s pr ef @hgidkdinallyas@endeniongihe $¢adingt dagt 46) The hagthal il trdrich&2 ivpieferhbillyl
between the sidewalls 56 of the trench 52 under all operating conditions.
If it ilkergesnopgysyah)thatiall stasnotionelinespyill falh betwegn the sidravalls S0f i kenthodat e
all poss| | 1 ne |t . ' .tion of
The "t Sid8 SUSbAARRE b 1PRT ot BO5blE REBrobli MALR sBUAct BipRERG L OF O
| i nes tdabmomidae alleposwiblestignatibn Hixepdsithea] then dat widér aid thg positidh bf thes. [ 032]
The ali rfoiii ?2 further includes a plurality of filmcooljng apertures 62
(FI G 2yenchid¢es ehpssp %@CWH@Q@%PEW&@@ Qf staerationdine thab EgiPEdei ¢ hi n

t he tre@ﬁﬁt%igpespﬁ@#ihgﬁ@erm?%gg‘gﬁgm_ough the external wall 38 for the
cooling air 407 More specifically, the cooling apertures 62 (FIG 2)

include a first aperture 64 disposed within the first portion 58 of the

trench nd a.s aperture 66 di Spos wWthin the se tion 60 of
the't r ORI 5on€ sipRa A R intfes s pArBRY & i tonding abrRuss 62 AEAN ng r ow of
first a&]@%&s@ﬂ 8PnfihARadiAg cHAH itidhBRkdbly RchROHfEn iHRWrdith 3240 Pﬂyv?d&[ tures

64 such that the row of second apertures 64 is staggered or offset in
r el at i opessagettheough thet externalofal\pefar theecpobieg aif. oespéecificaliy therpooling ncl udes

a third apert Rreferably a row.of . third apertute | SRS on the
ot essur WERGTa AP 2ot R pfatf® 8 isppieE e ST bt BB SBilye. 46 anc
a fourtferRReNtande séBond dpefhRy @Pdi¥pdied QMEhAT the Qkdond pBRRIN 60 SiSthe BesdiPsed on
the suction sidewall 44 of the airfoil 32

Most preferably, there is a longitudinally extending row of first apertures 64 and a

longitudinally extending row of second apertures 64 such that the row of second apertures 64

is staggered or offset in relation to the first row of apertures 66. The airfoil 32 further

includes a third aperture 68, preferably a row of third apertures, disposed on the pressure

sidewall 42 of the airfoil 32 adjacent to the leading 'edge 46 and a fourth aperture 70,

preferably a row of fourth apertures, disposed on tHe suction sidewall 44 of the airfoil 32

adjacent to the leading edge 46. In the exemplary embodiment, the first, second, third and

fourth apertures 64, 66, 68, 70 are shaped as slots that extend lengthwise in the longitudinal

direction.

{033] Referring now to FIG. 5, a partial perspective view of the leading edge of the airfoil
of FIG. 2 is shown. FIG. 5 illustrates the manner ir; which the first, second, third and leading
edge of the fourth apertures 64, 66, 68, 70, respectively, are fed the cooling air 40 from the
internal cooling cavities 36. Referring also to FIG. 6, a partial perspective view of the airfoil

32 taken along 6-6 of FIG. 4 is shown. FIG. 6 illustrates a first, second, third and fourth feed
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adj agent to the | eading edge 46. In the exenplary enbodi nent, the first,
*second, third and fourth apertures 64, 66, 68, 70 are shaped as slots that
extend ; Sy, | inteld] ' ' ' to
G5, MRS 78 dhibigh AR HEbRine, 48 AP rhfted [{iPine SRl Lilyoa 1 0
FI G 2 fosdistribmon RiBin theilbddingt edped®. t he nmanner in which the first, second,
third and | eading edge of the fourth apertures 64, 66, 68, 70,
respectively, are fed the cooling air 40 fromthe internal cooling

cavi ti em@g- InRRE BXdrhp) M@erg:ogme?m@mpﬁ{vbm&n Pr?‘eﬁé%cﬁﬁ% Fg@tm sinef the

airfoil taken along 6-6 o i's shown. FIG rates a first,
second, aitfhil 33 imrladefs oo vde df aguicEdirtaig 90 I gimtimnly dizposed, witttn ti8esdingugh

whi ch th Ling air, 40 is met the internal cavity 36 f
G st 11 0P AR SH AN A% SR TGRS B b1 VirpOieRETcE Ul Piivboai ment
of the @mesqik dfiMefty @Blin ﬁldn%asﬁitmﬂigﬁngﬁvéﬁyé’tefffchﬁlcyﬁ{i%lifl fih 32 includes

h
the use of a mcrocircuit %O | ongi tudinally di sposed wthin the | eading
edge 4eeffectivénespisadgquired fasamsiuncadrcobli@Scofigmation. M crocircuits offer
tailorable, high convective efficiency cooling. Along with high convective
efficiency, high film effectiveness is required for an advanced cooling

conf i guas] oMticrb&ARdits M1 RGhAcHMddor BerR e TN DR AhiR a DI Th\WnsReRplApd
within a part. In an exénplary enbodinent, the mcrocircuits are formed of

r ef r act@sngodument) thefrocrasirgnids ara denpaed] aftrefgactery tmhrsals fomms and|enicapsilatediip the

(W o fipr b8 eHeDBey T Birior o el Mo SR P S BRe M per ot ur os
of ni ckphngsRAIMY) Hawp BieMingpsints Th@ afe ih@fxéés@hpfwimb@kiﬁﬁmﬂp@aumsmﬁMI in

wrought thin sheet or forns in sizes necessary to nmake cool i ng channel s

char act@sedsyperalioys.hdBeserrefzdonyimetels 5pmbe Rioduesshipyyosghtdbivl shees ardemmss.
o ot ke fiS o ML G RhinP b Ao R bR Bl gl 7O

but not e vanes, turbine blades,

t ur bi necaiitiatd Soolingddsighs d BpediBcalBNsuchimicficircgitiomay befabrieartlinto patteh parts
are forned in gart or .in whole of nickel based alloys or cobalt based

al | oys. inglyding, butnet lightpd fpcombypiep liners, furbing yapesy, dubiiebladasotpghing shrepds, ty t o
al | ow i F L 4 bl ' a
Fobust Eeaa B shR BBl DR et BB It bl P BT 2
t he r efniakd] based allelyabr cobaltibasedeativye dThinurefraasrythetal gheets hadifeitd posssspval |
thermal | eechi ngl, or oxidatjon . e

enough ductility to allow bending and forming into complex shapes. The ductility yields a

robust design capable of surviving a waxing/shelling cycle. After casting, the refractory

metal can be removed, such as through chemical removal, thermal leeching, or oxidation

methods, leaving behind a cavity forming the microcircuit 90 as shown in FIG. 5. It is noted

that the cooling design of the present invention may also be manufactured using investment

casting techniques with ceramic cores.

[036] The cooling air 40 is fed from the internal cavity 36 through the feed inlets 72, 74,
into a first longitudinally extending microcircuit plenum 80 for passage and redirection
therein and discharges outside the airfoil 32 through the apertures 66, 70 (FIG. 5). Similarly,
the cooling air 40 is fed from the internal cavity 36 through the feed inlets 76, 78 into a
second longitudinally extending microcircuit plenum 82 for passage and redirection therein

and, finally is discharged outside the airfoil 32 through the apertures 64, 68.
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met hods, |eaving behind a cavity formng the mcrocircuit 90 as shown in
*FIG 5. It is noted that the cooling design of the present invention may

Cor os. P33 RRuMETn R S 1% 67 I heowmi B o7 e PR tER A T s =86 " oug

t he feqgvdntioftase ddbwn/mh furthétdetadl. fTFIGSY id @E tibak-AVal Wit SRV h R eheBoBliRg I CUi t
pl enum 80 for assagfe and redirection erein and di scharges outside the
t

ai rf0| |deglgnt0rﬁ|tlam@ﬁ0 13 taksaralangek7 6 FIG ot (Fus, 1t5>‘) SeeSlthﬁtIﬂ%ﬁrPlynqu 8 82wt i ng
air romthe t i nl ts 6, 78
Mt o o MEEERErE e asen il e Sl g aby KoY PiutBag BREMdsRER of s cage
and r edeé®ElldtdN2 1 1ILT6] TR andiitbe ra‘sgmﬂvb)apémres @:ﬁh@kﬂ@(tztoaé%sieoﬁbﬁn%dfml 32
t hrough the apertures 64, 68. 37] Referring now also to FIG 7, the

[037]
pl enungabege igepeaiesl alpeg thedeadingedss of te girferd astshown e HIGH S andel s hown i n
further detail. FIG 7 is a partial cut-away view show ng the cooling
design of the airfoil 32 taken along 7-7 of FIG 4. Thus, it is seen that

the pl q0B8F Réferrfip takE to FIGS.GRaESRYas n6ted R SAGHS cabhioTitie plesurhegeligzqredge
46. It is understood that the %attern of feed inlets 72, 74, 76, 78 and

the redpagifydiralysaiandimepedestals 88y I the esamplasy embodimgny dhecpadsetals SgiaiR/e |

r epeat | nd 7.
[035] ARPEH P B bl SRR B ablne vlBet Bhine ErRARET B, 7l Sy e, [
pl enunspddfion 82 (FIGe 7) haxhg sécanlil padtioy %XFHBdI)ng‘hpmﬂ%als&o&ﬂ poktiorsioe, ®kenpl ary
enbodi nent, the pedestals 65‘5‘16 are praopeller or bowtied shaped such that
the ped®%iapees saltw&r\ﬂé‘ﬂan dserplgvith thegentey 88 wherethe firtportign 32 isn 92 (FI G
7) and gﬁﬁm I 7

are tap@r‘%l outlxgt‘rwcsi"'te %&ggﬁgﬁl(ﬁ%g%)a{ él;g\n&ffﬁ Uﬁgpggﬁ:{n?r%p% e?%thl?%é a&l rst
por t i orhad2 aifgrst didnf, tau dppeding secbnd side B8 andeppasmgehds FOG 102) Thedmsttshde second

Brde odeHrerdiinine fadngsase Aunisie Frondsds HetsmilydAtsaht FPateE " no
| eadi ng,; &AGA40, A hi EodwitinFI6ONdTRE Bé‘de%&lmﬁé fbdaved vARIRR eBH'?oir the g%ﬁhhﬂe

sidewal I's 42, 44 as shown in FIG The pedestals 86 are located wthin
each of8Q, 182 aptl areulosgitigiinallyor aadially dlgmdg'nthlmthedbad]ng)cdgeamdahdﬂ%m emkd

i t hi di d 02 wi
ther ebel o dgpB e ficpebiestn Pafteranly” saibios e Gortes 88 Godiduivaned seas s 1o
be al i gnedioned b«lihhﬁe eS8 e ¥8r £ ﬂlal‘@ltérgﬂic Q&hﬁﬁssSU e R MS&Qtlvg%ear omthe

respective feed inlets 72, 74, 76, p, d, between the pedestals
86 has ialetsié?,qH, Tf@ﬁ@t ﬁlwfgap(ﬂ,@c@mee rthe Mﬁabkﬁédtas@ radial lengtheof no Arester t he

wi dth, than Oboutt %%ZB ineh St alzﬁs.‘?so, the wulﬁ'nr eat ?[he pe ests‘;’}ls3 93“1%0 grthQP than about 0.060
inches and the radial length, L, of the pedestals is no greater than about 0.150 inches. Itis
also noted that the pedestals 86, in the exemplary embodiment, fully extend within each of
the respective plenums 80, 82 such that the cooling air 40 is not permitted to flow over the
first and second sides 96, 98.

[039] With reference to FIGS. 5, 6 and 7, the benefits of the present invention illustrated
and described herein are further understood with a discussion on how the invention operates

to cool the airfoil.

{040] The cooling air flow 40 relative to the first plenum 80 will be described. The cooling
air 40 enters the first plenum 80 from the internal cavity 36 through the feed inlet 72. Upon

entering the first plenum 80, the cooling air 40 impinges onto the center 88 of the pedestal 86
to which it is immediately aligned and is guided along the first side 96, and more specifically,
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i nches and the radial length, L, of the pedestals is no greater than about
“0.150 inches. It is also noted that the pedestals 86, in the exenplary
enbodi T -t B [ ) 82 such
That t R it ahdeof baRtals; By Br B0 a) 46T5: (-0 o BRIy eh, °C Con
si des 9%t shéts 650 BDThidNAY) thefigt poationttd gaideStheScoofing ant 40,to tHesexieeatfGotthatof t he
present.  invention illuystrated and_described herein are further understood
with a lamhggmeﬁa@ﬁnﬂ@w’&lwgwitﬁ&%ﬁ%ﬂoryﬁ@%t‘%lc theosecapd PoItian P guides [ 040]
The coqgl] o ; ' £ . A scri bed.
The co?)He Eg°lm§|r ar"féfg%etﬁ?g%gglt%&gyﬁaﬁ git&lp éé\]&d{r%a]éabdoén? mg% ﬁgﬂ%’\ﬁr?tté? %gﬁoggavi ty 36
t hr oughpdrtien $&eThuas)irethisiRay, dpdas slentrein FIGSt heand 71 e cpoléng air 80 exitdwhraugh! | ng
air 40 i ppi nges nt% the center 88 of the pedestal 86 to which it is

i mredi & Cﬁ“‘a‘f"ilbﬁ%ta 9nd i s guided along the first side 96, and nore
specifically, EH 10839 10 the first and second portion 92, 94 of the
pedestal 86 for redirection and discharge through exit slots 66. In this
way, t Hé41] rSimijady: the megfegdiinde S 2tih¢haiwel ofifgednintetsiT2 will alse daxcttths Caxiling6

that is st imedi ate a r oxiJ to the first porti 2 ile the
second BEH MR HGATg et B0 e i Ge dp o e’ St SBobangier pac s
noSt | NEEEiAlss. dofE FR YO ilPirges oRBGROHrst R decOf Boition$193,:941 JF thd)l S way,
and as shown in FIGS. 5 and 7, 'the cooling air 40 exits through adjacent
exit sl|pedestalod6 quoh that Sierfidstpartion OR guides thefoogling aik 40 tytheiexittskas 66dbatas f eed

inlets 72 will ,also direct the,ceoling. aif 40 jnto the firs l.enum 80
wher o hostmegBied S bbERRart e AR iorf L e g sCodndhord rda BugRie 00
The codddoliflg air4048 theeXif IRH6ARAGSs iRt frhmédiats AHd pRExMNGNS td RBenPportidd Of
the pedestal 86 such that the first portion 92 guides the cooling air 40

to t he %kiln thisyraysmdan ghown in RIKES. 5 andelditeoe be apprpeisted teateagtvol the exit r st

portion ' - : nart | 4 | ' bt 4 he
b 1 o1 g€ 68 e G B CHoR gk Rl e A B 02 of G ReRBal Bl aitinbBnd

94. 1 n 4 Kcendportion 94 s il pedesthlnBdtheSs ilmn@ditely adjhced@to RETRRPR&CI at ed t hat
each of the exit slots 66 are being directed cooling air fromthe first

por t i orepppeciftedhthat thisgdual faedof eaghpfithe exip slots H6Eqrs adjapent deeghinlgs B enspees
s | P ! . iy Man o
Phat ¢ ronaierei18hn hdeau Al BhBbitn BOSAGEN ofifipd WA of U R ARPBE RERGA PC.

72 ensucoat thetdididil BReAR aiconsiquantesthid duad fisbdalbiofcnsures tiak thegremch 524 filled) from

each of the exit slots 66 to film
with the cooling air 40.

{042] It will also be appreciated that in the exemplary embodiment, each of the feed inlets
72 feeds the cooling air into the plenum 80 for discharge through a row of exit slots 66.
Thus, as described above, the cooling air 40 discharged through each exit slot 66 is being fed
cooling air from the plenum 80 that is being directed into it from two adjacent feed inlets 72.
In this way, this pattern of flow of the cooling air 40 is repeated along the leading edge 46 of

the airfoil 32 with the row of feed inlets 72, row of exit slots 66 and row of pedestals 86.

[043] Likewise, the cooling air 40 enters the first plenum 80 from the internal cavity 36
through the second feed inlet 74. Upon entering the first plenum 80, the cooling air 40
impinges onto the center 88 of the pedestal 86 to which it is aligned and is guided along the
second side 98 of the pedestal 86 for redirection and discharge through exit slots 70. The
cooling air 40 impinges onto the first and second portions 92, 94 of the pedestal 86 such that

the first portion 92 guides the cooling air to the exit slot 70 that is most immediate and
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,cool,the airfoil 32. As a consequence, this dual feed also ensures that the
trench 52 is filled wth the cooling air 40. [042] It wll also be

appr eci for ' 11.0f ' 72
Foote (el nt R BEnfShRURIQE SHOM BBRIon O Hadné BiolirBatr LA

eﬁi t slhsdxbtgogﬁat is thsimm%déai_esng bhﬂdn?tbgwme sbf@dqmi_id)m?.almhﬁ()wﬂ{, andhag ggd ]

t roug eac X (0] I'S _Delng eC coolln alr fraoamthe plenum t hat
i s bei rf@owpwéﬁ@%- §S me)’hithe sodme et Ofits dupeh @gecqnhwei glots70. Sulagly.dhgqy
this f ' i [ . . in
cige aaicafTeda fited 1M (B} rdylt RBRAIPE 78 it Aol ek RGN ir B B plefBty O
slots whte itomilithepbeldstatdaginst fHe4dhtet B ofiraehertpedestal @61 Mheaoolinkdaient er s

the first, pl.enum 80 fromthe internal vity. 36 hr h the second, f eed

i nl et 74 impinges optadhe figstand segond popioss i%)f tﬁﬁéﬂfi@@@f gg@““dﬁ thathe coplfignges
onto t r AV bidas | [ ' | ded
along T BoRinG Ark hohlyh 20 AREAL Rk it loP o tat e pRGMaR ] el ge
t hr ouglpoetiort 92 ivhile theCzoolihg aird@dtam thessecontlpartigm 94 ssdicected to e dxitr stot #nd
second portions 92, 94 of the pedest 6 such that ,the first portion 92
gui des HHds T55) PrRIBALE 1q e sprong poft a%‘t%‘?éh‘fs e 1t§am’egﬁprrrﬁﬂﬁ'a#£aée fHy

EH- 1083 thd ol Qitsoldfe blink Bftedbd SbotRRlalrl Rdjn ¥ 1A béribl 922 6AE fledkRtal BN 94

gui des the cooling air e exi 70 that Ts nost | medi ate and
pr oxi nmednd thosdchad pextion @4pdthe pale@dl 84 that iniremediatelpadjacent tesioWhus, thikl GS. 5

d 7, th i i1 4Q |t hr ough ' t it slagts 70.. Simlarly,
The ' noleBl Q8T PRl hesotih Iptsdd D BHe s aben M Elss PApoWes L EEE (ot
o0l | NGy Bifark B Puifif dlobing Bl AT Rn WA & thé exit ibisHORD Fh il 0ol

agai nst the center 88 of another pedestal 86. The cooling air 40 inpinges
onto thE.first and second portions 92, 94 of the pedestal 86 such that the
cooling air 40 fromthe first portion 92 is directed to the exit slot 70
that is nost proximate to the first portion 92 while the cooling air 40

from t p4dpCRRN B alsbAPpReiated tHat'if tetskehPldrh 8mBWiimenk, Fact Bf theHedd infetd10St
proximate to the second portion 94. In this way, it can be appreciated that
each of4 fehd thexdopling air $07mogheplepvm$0dpr dischamzecthoughg rapvroffexdislathed.f i r st

portion,92 of ,on edest 86... and t.he secaond portion.9 .1 he pedestal 86
Phat | oA EragTS dhs fouiir diRalaASuB tic Miealor ¥ BB REF . he
exit  slgdofing Qiri40Grom tieasienim BO eht ishedh SdifebtRIitY i@ Srohl@o Adjsdefit fesd lets
adequate and uniformcooling air exiting fromeach of the exit slots 70 to
film cott Thiepattarn gf flownf the cooling air 40 is repeated along the leading edge 46 of the

airfoil 32 with the row of feed inlets 74, row of exit slots 68 and pedestals 86.

[045] The description above described for the cooling air flow from the internal cavity 36
through the feed inlets 72, 74, into the first plenum 80, impinging onto the pedestals 86, and
exiting through the exit slots 66, 70, respectively, is in like manner to that for the cooling
flow 40 from the intemal cavity 36 through the feed inlets 76, 78, into the second plenum 82,
impinging onto the pedestals 86 within the second plenum 82 and discharging through the
apertures 64, 68, respectively.

[046] It is noted that once the cooling air 40 is discharged through exit slots 66, it 1s directed
towards the pressure sidewall 42 as it does not have sufficient momentum flux to over power
the momentum flux of the free gas stream onto the blade 24 (FIG. 2). Similarly, the cooling
air 40 discharged through exit slots 64 is directed towards the suction sidewall 44. Thus, the

entire length of the trailing edge 46 is enveloped in a blanket or cooling air. Attention is
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_[044] It will be also appreciated that in the exenplary enbodi ment, each of
the feed inlets 74 feed the cooling air 40 into the plenum 80 for

di schar A ' . - ' e, the
cool i ng‘ﬂg‘l”w%ﬁ%c (E\at%getgwitﬂ%ﬁ%tﬁggh%@ﬁ% tgeln-éF %gév llﬂicqggﬁ%éj r? ‘ggs&ggﬁ(;l ing air
40 fr onprokeliny ecuntin86ud filad blaskd ehan gppliok eedteoreriundied pefcem filw cadjrageaot f eed
inlets 74. This ﬁattern of flow of the cooling air 4Q is repeated al ong

t he | ealfPifgt @ukfeohthearieihd2. Tp fydher enange the filgecqabing of thegddoil A @pd, in4, 1 ow
¢ Ctoal. _ ‘ M bed

For t heP EACH, OR e PERRRIGELIS cBBling 30 dfeoRuBP A (P OKPef FRplder®

I nl et s fo2film4poling af thé preksurs tidpwvelh ddwdlle theneolimigrady 40ndischiiped pldagh dles 86,

and exitin hrough {he exit. slo 66, 70, respectively, is in |like manner
to that®¥id t"hepr%‘ F%éﬁﬁ%lml%ﬁl‘%"é%m“f"r‘i’é‘ 9114?(“@?'%° cavity 36 through the

feed inlets 76, 78, into the second plenum 82, inpinging onto the
pedestals 86 within the second pl enum 82 and di schargi ng through the

aper t ur [@47b4In tB8¢xena peyctrnbogliment[afid Bfstiseen s FIG ddthe distanoed?, dfltke cool i ng ai r
40 is discharged .t hrough . e

i.t. sl 6q, it, i di 1 t ds th
D s BRI e 3t s SbEAATBla B8 IFIAInE gk A6 &t BRTeTTIN MRERISAEY Moy or
pover 550 TRAEAOUFbIO iy e S OSTIRE, B4 S RBANF Sk 00RSAAEE! G 2).

Simlarly, the cooll ai r 40 di scharged through exit” slots 64 is directed

t owar dsAlshén thecremplasy dmbadiment] theTlength, Lheof each of the lapertyres @, 66h€8,17045 | i ng
edge 46 is envel oped. | bl anket, or L i aif. Attention is .EH 10839 12
i awn LAY Siats 10 i9eh o0 28 mehfs T pvihe it B asprormiey,

cool i ngakiut 0.092 AfhbSio dbdut RORY indhéXd FefepdMy, IOIRgthl 1.7) dtleastkst th edd

approxi mates one hundred percent filmcoverage to protect and cool the

ai r f oi | inBgs 72341 16,1788 approsimeately nbouti0.hhSdaehes te aledut OIS0 anahies withpwidtl, i n
particul ar.. the | eading e 6, .the cooldl air 4 1£S r rpugh the
i o o 7 fabsyRRRL BBHOB henbliB F8% 0 OR B AR YBE T |

t he coofhigkgessiof tHOmibirGdifvaltgethobisrefegdbly 0©17 éidhes.sl ot 70 provides for film
cooling of the suction sidewall 44. [047] In the exenplary enbodi nent and
best seen in FIG 4, the distance, D, of the mcrocircuit when it is

nbedd ' ' . .S | . 030
Cnohos (0480 Furdlf, e BRI ok ioRIhE Llnt ARBORN AT LAkakrdiblh i’ 000
i nches. intethal @avitied B ofthe dda 2y (FIBG.Aitoachicvd dwirhisle ghd optirnal leddisgedgeof t he

apertures 64, 66, 68, 70 is _approximately about 0.100 inches to about
0. 200 i $ROHBE Tesuits ésmeaflﬁpe%er?mahovapﬁbf:@sepm or §”PPI}’ is obtained from the

compressor 16 (FIG. 1) and is ultimately discharged into a region in the turbine 20 (FIG. 1).
This is air that is taken away from the compressor 16 (FIG. 1) and from producing useful
turbine work. The inlets 72, 74, 76, 78 of the present invention are therefore sized to be less

than about approximately 1.0% of the free stream gas flow to reduce these parasitic loses.

{049] The cooling effectiveness ratio is defined as the ratio of the temperature difference of
the hot combustion gases 50 (FIG. 1) and the bulk metal temperature to the temperature
difference between the hot combustion gases 50 (FIG. 1) and the coolant (cooling air).
Preferably, turbine engineers and designers try to design for a cooling effectiveness ratio in
excess of about approximately 70% because the cooler the metal temperature the better the
overall durability of the blade 24 (FIG. 2). This is achieved in the present invention in two
ways. First, film cooling is employed to reduce the temperature of the hot combustion gases
50 (FIG. 1) and insulate the airfoil 32 from the hot combustion gases 50 (FIG. 1). The
temperature is reduced due to the mixing of the cooling air as it ejects from the exit slots 64,
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about 0.012 inches to about 0.020 inches. Preferably, the length, L2, of
“each of the feed inl ets 72, 74, 76, 78 is approximtely about 0.015 inches

{0200k S50 R b ReioWet v, s RRBESAbTS S AL
the ni csppléely dindes ad Middre BEEHRERRDONeOHR hork esaﬁfg aif AR alvhy BRI thet he

present invention also limts the anmount of coolf ng air extracted fromthe
i nter na¢ormvssm é@(l?iéi é) thmbssbwgtlcethgttompte@orzlﬁ (FIG aolver produes i Pavsind aand

ti | | t ti d h b th
o Mogesr Rt ibofedfe paou ifqlies Bbitivs 2 oS iR RREs toiernd B o ecthafy o
ul ti mat &JoYtlﬁ' léé‘di‘ﬁ &% 49tbAcRieV €8 &irablk dodfin Ufﬁtéid?l@ 29{ i Eblﬁi tHak tradilidhf | S

air that is taken away fromthe conpressor 16 FI and from produci ng
usef ul filmeesitng ofighedeading eflg @ft%l'fmks does nOV@HPm& thys meﬂ'@drm@sl'&sh anchrebiableon

o MRS L TR 0. AR RP S BOBRCHERLF B g

ef f ect i pieRap of thRidobling aifl af itneWeld withhetheahicfocatuit be, dsFomewat ur e dl ffer ence
of the hot combustion ases SO\éFIG 1) and the bul k net al tenperature to
t he tenper at WdT cobiafither mmb-dt/ et Redhok] conbustion gases 50 (FIG 1)
and t he cool H#re( cooling air). Preferably, turbine engineers and designers
try to design Tor a cooling effectiveness ratio in excess of about

appr oxi mat el Y ..4Q% Ceraipetatisd of ¢eajodling hie eritinglthd @nfety at ure the better the
overal | durabilit ¥=abmpbanié aﬂme%éoﬁ@ &hr eering theSnle® achi eved in the

present invepti 0B gulk kbR ¢ rdbf tht airfdil mcooling is enployed to reduce
t he terrperature of t he hot rrbustlon gases 50 (FIG 1) and insulate the

airfoil 32 fromthe hot conbustion gases 50 (FIG 1). The tenperature is
reduced due to the mxing of the cooling air as it ejects fromthe exit

sl ots 6p50) Bt the8@sutiba abbve, @fbinéRnitkerstahe dBQ%ndi@éH&ld%tde@l@n@ﬂﬂl 4 hightheBUt , it
is not desirable to rely on this nethod co tely since, as addressed

her ei naPiék &P thuﬁéomyl\@d@adlrmge%eAﬁtqﬁhﬂwmafﬂd92f(FH$n hdhe @mﬁmte%@ 16 (FIG
1), t heaég?e%gol’l\% # {]e'a&(fﬁe%?ﬁ%ﬁ %ﬁ in %ﬁuﬁaﬁéﬁof \é’%‘g;scg';\vﬁf Eﬁfﬁgdet%‘?ed aﬁ?stat%e

descri be ventron a nove
i nt er napddgstaRPéaed turajlynceqﬁoinotck‘aewitmdhmgn@daeaﬂ@a CSeaGin:l eweepalcdtam g6abl e
coollng ef ficiency I's noted that traditional f|In1cooI|n of the

| eadi ngRleRigfEveP lai:rreﬂsﬁ th§ srbcs arscthenspy syhansing thesanductivs lwahvgrﬁf%rrmth eliable
deor o0 i 1 AN e BRI CLoARMERL UEr SRR D0 e BBIE 1
m cr oci 7@ UFdurh) theaﬁle‘tm(} Poside a source of impingement cooling of the leading edge as the

cooling air transitions from the inlets through the respective plenums 80, 82. The plenums

80, 82 and the pedestals 86 thus form micropassages within the leading edge 46 of the airfoil

32. Thus, the present invention does not rely completely on film cooling to cool the leading

edge 46 of the airfoil 32 (FIG. 2).

[651] Still further, the present invention provides the capability to tailor the spacing of the
exit slots 64, 66, 68, 70 that provide film cooling to the leading edge 46. In the prior art, the
spacing between the film cooling holes provides modest film cooling coverage. The cooling
of the metal in this area depends on conduction within the metal to cool the leading edge
surface and, as such, the metal experiences temperatures higher than the average film
temperature. The present invention, unlike the prior art, advantageously provides for the
shape of the outlets to be clongated slots that are, preferably and as described hereinabove,

fed from two inlets per exit slot to ensure a uniform ejection of cooling air from the exit slots
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,Tlc = [T coolant.out - T coolant, in] / [T netal - T coolant, in] where: T
cool ant,oat = tenperature of the cooling air exiting the outlets T

cool antey, 6, 68, 7BTRAFA hSuich DSy iBPMe BENAS bir 80! B i | met al
bul k nmetal terperture oﬁ trﬂ{eC a???*@?ﬁl. chg% lf%&t ﬁ{eb@g[ua |(§¥?‘g’§g§/}e’?%§ur bi ne
engi neeare caadadiashapeeasshs arthod of @sngfactire ks drillinghThesain thpipedsentpintdntian,
cooling,the | eading edge 46 of the airfoil 32 (FIG 2). The present design
achi eve@efﬂwgascrarpgl&sggyﬁé'atcoghws& creAd EHoEnE redde the PIOTRBw be
det ai | e&sﬁg}st, the pedestals 86 are turbul ence pronoters within the
mcrocircuit 90. Second, the pedestals 86 also serve to increase the
surface area thereby enhancing the conductive heat transfer path. Third,
t he pe ls. 86 serve tg direct the cooling air to the respective, exit
slots %3?%6’?"%8‘,‘“3"? enveption also a(ﬁwtqgﬁpg& P’fgl“jpa?ﬁ B\FPB'é“%S"sstﬂE‘r (3 %P‘TF"“

i i ngele&_nh% gg@! m&eaﬁccg?ﬁ,eggg@dif% &Q:Qﬁrﬁ'%%ukl?ga m&%?&*%fﬁﬁﬁs Haﬁ%ﬂ%g{ohpns

fromthe iIn t hr ough spective plenuns 80, e ple 80, 82
and t heomedatmmt afosiogsfordigs objoctramage andidstpleggingt Riaventing plegginggvaidge 46 of

the airfoil. 32. Thus '
3 iat

{11 m cotigns §iaL bt St AisBienghne el Beabedi BREes P BB HeRen o) [ 0s1)

Still farbien a fRQubiRSERirohR¥ANt i on provides the capability to tailor the
spacing of the “exit slots 64, 66, 68, 70 that provide filmcooling to the

| eadi ng edge 46. In the prior art, the spacing between the film cooling

hol es i dgs, nodest .filmcogling coverage.. The .coolin al in
Chi o ar 088 o T8 ARBHER betnidRecct She dtPeenPISERES s i ofRed s e 14261 T8, "eage
sur f acecaaté siZR t6 fédd thé E@alm%taeﬂ 40E0F G thETMER RallcQVIRE BE b Rife thatidedildréd@foriahe
average film tenmperature. The present invention, unlike the prior art,

advant atpeeifis|ajrteil designeandrfor a sprsificapphisatian. t Hhis eapabidity advantageensdnpeimdy sl ot s
it o . _ >
exit o1 B CBEITIECAGY oy Biirstie HIGBLIATQEIAUORHRY Bras ob i RO Dokl §ro, 0"

EH- 108380k 4nfofint 8 @xtridled fromith@torhpiebsor 1B €FIG.aned cdal the diffoil 32 BIG) 2)peai r
40. In prior art designs, the holes are circular in shape as the nethod of

manuf ackatiag pdzeite. ifeq sxgmpie, ykhus; by exiexchng salytwhat IhacPHary, mase celing e

B: ?‘é'r d:ﬁﬂ%@st%:g%@?ﬁ' th B8k fnfinal Htha¥ CoiPreltd bALEM adigiiOMPared to the
[054] As described above, the present invention can be implemented and utilized in
connection with many altemative airfoil (blade and vane) configurations. Further, it is
understood by those skilled in the art and within the scope of this invention, that the size,
shape and orientation of the pedestals 86, as well as exit slots 64, 66, 68, 70 and feed inlet 72,
74, 76, 78 size and orientation can all be varied to optimize the leading edge 46 for a given

airfoil design.

[055] Thus, the present invention provides a cooling system that employs a novel approach
to both film and convectively cool an airfoil. In particular, this combination provides an
advantage over the prior art leading edge film cooling schemes in that, to achieve the same
metal temperature at the leading edge, less cool compressor air is required to cool the leading
edge. Less compressor bleed flow results in the additional advantage of providing an
increase in turbine efficiency. As compared to the prior art, the present invention provides a
novel cooling design to synergistically improve performance and extend airfoil life. The
present invention provides an improved means to film cool the leading edge as well as a new
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[ 052] The present invention al so advantageously provi des a cooling design
»for an airfoil |eading edge that reduces plugging of the apertures due to
a variety of reasons ranging from oxidation, erosion, foreign object
damage appcbadh te efficiendy nod effectivehit cumgeqjivuggmmgtla\leeidisg edgwnéﬁlElconmntahan can
cause adverse spalling of.  the barrier coatin |s used on
airfoil "?ff‘?c%v“g‘g%“ ‘EI}‘%FHB ‘%W‘i% ME tthBS‘éPS“P%‘f"“a?fb%ﬁé‘? FAYRDE the
prese ntﬁlh{‘é’&ﬂing%odléestdﬂ%hrpF&%n{e%FQvér r&bﬁ@e%n%ﬁal a?r‘}ml dési %7758 THY, AGirdbifed to
feed the cooling air 40 fromthe internal cavity 36 at a rate that is

t ai | or exnpploying thesl]mcfmrabccmﬁmg deslgmi etihg presact iheentenspdaiot bolydapt & datgeon.
This ca abilf% advanta eousg% ﬁi the cooling flow that enters the

m cr oci YEYiFg litepupb alspameiyg 0¥ UNQ'“B fieieRty- opti mal cooling air flow
anount is extracted fromthe conpressor 16 (FIG 1) to cool the airfoil 32
(FIG 2), the |Ileading edge 46, for exanple. Thus, by extracting only what
I's neced$56) yWhiletke ineeritionthasbeen descritsdivith edereoce torami exeinplaryembedimegis pat h
as conpar r|or rt desi 054]. As descri bed aboye, he resent
ovent TR Snieri o Bk S SRERGn P At VOB TR e

al ter ”%duy\f‘ale%'t{ xanj; be CsadRePfod eleafdfils tﬁ&%i‘ WAt depsting Wohi®e ,scéﬁe df the
under st ood by those skilled in the art and within the scope of th

i nvent iiowentionatin additien, meany modificationd naryi kermads toradaypt at}mtlgé@reasmdh@ @6 as
wel | as_exi.t 63, 70 an 74, .76 78 SIZ and
o1 ent sERSHRLE P Erite At e eTnp S Sepsring o thg eSifpud Feoneip BB Jen
ai r f oi | Tit@efoft) it ik Ah&lded Mbs thel iiGeritionsRN be lilVRA T e fAMRNIlARMbAddfRkH | ng system

that enploys a novel approach to both filmand convectively cool an
ai r f oi |disqlesegas thechestinods epnieraplated fax ¢asvying outitieinvantions hyathetge inygation he

prior art,le ooI| hene i eve the sane
net al HB@?@@ P@egggﬁﬁgnh gﬁ §g8§$ giot@%ﬁp%dﬁ%bggﬁﬁg air is required
to cooI the | eadi ng edge. Less conpressor bleed flowresults in the
addi ti onal advantage of providing an increase in turbine efficiency. As
conpared to the prior art, the present invention provides a novel cooling
design to synergistically inprove perfornmance and extend airfoil life. The
present invention provides an inproved neans to filmcool the |eading edge
as well as a new EH 10839 15 approach to efficiently and effectively
convectively cool the |eading edge. The conbination of effective
convective cooling and effective thermal insulation on the |eading edge due
to
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filmcooling provides an inprovenment over conventional airfoil designs.
"Thus, an airfoil enploying the beneficial cooling design of the present
inventi\q@d%iH: not only have a longer service life but also inprove
overal |l turbine efficiency. [056] Wiile the invention has been descri bed
wi t h ref. er ensdotlowaifakeompasiyigenbodi nent, it will be understood by those

skilled in the art that varipus changes. de an equi val.ents may be
subst i t ut ed ?“dPteéﬁlaéﬁéﬂfklnf%‘éﬁ’ésF"ak"i %tswetgﬁ@ areshol (B SE8Ps of 1 he

i nvention. |4 g4dhii Wi wARRYndRGs LR £1ASrER t&‘?dd@a?l@‘ if} Bthefat

particul ar sa::ht uat 1 on orW ITB.t%I’I aIS Sto t he tspéacErlcngs 0 t]%lee(?n enf?%n Wi t hout
depart ileagdifig amd trinéing sdgastand ex®odipg ftanea &odt end Fhaepletform to asedopd end;ended t hat

the invention not be limted to.th articul ar enbodi nent i sc|l osed as the
boct mode! ConHBRAAN SBeBId SagnayPh GnE e eRdiaPRYSh AP0E SaB At PO

i nvention W johgirfhsl x@éddi%ﬁ@ézl@ﬁﬁ}h% Jﬁ%&ﬁxmﬁi&ﬁ$ﬁa§9gﬁg§@&4 he

appended cl ains.” EH 10839 16 alm i low airfoil, c I sing: an
I nt er nadaidcpressuye siddwallyhi ch cooling air is flowable froman end of the
airfoil; an external_ wall whigch includes suction and pressure sidewalls
Foi ned t ogetharaRy of GEmie oy PR R e Sat TSt BGRRGhA R Bt | o
end at RiuRhdhidadity:0 & second end; a stagnation line, said stagnation |ine
extends spanw se along said | eading edge; a longitudinally extending first
pl enum di sposplarglityrf dtretetfstgddstileadidppdestigle catend in tiesppnwiss directiindewal | ;
a plurality of ffir t inlets in flow comunication with said first plenum
and coo‘f”iu?fé g NrstPIENN said cavity: a plurality of discrete first

pedestal s, s@irehdhefifihal i Qid &idhnillwiinensRedvh §8d diagRRidmlme, ¥id enctsai d
first plenum a trench disposed in said external wall centered on said

st agnatéxéendsiime spamayisk direstion andjnchidgs a figsthal pad wisseondi halfe said firstgad i ncl udes
a fir stS haI({ ag\r;éj 3 setcegnd Sgl%l fa, gﬁi dlirfxé-r sﬁ& and second hal ves separated by
said st §§%_ tll S H%r?_ r!?éf a pﬁtlﬁna ?r_f y Qfan irst exit apertures disposed
adj acent sai glpralpaf fif0ekit Bgeraubét dibposédadjadedlt sdid b@agndivnilinefand atithid sadch
adj acent said pressure sidewall, said first apertures in flow

first half of said trench adjacent said pressure sidewall, said first apertures in flow

communication with said first plenum,;

wherein cooling air enters said first plenum through said first inlets, impinges onto
said first pedestals and is directed into said first apertures, said first apertures direct cooling
air exiting therefrom over said stagnation line and onto said suction sidewall to film cool the

airfoil.

2. The airfoil of claim 1, further including:

a longitudinally extending second plenum disposed proximate to said leading edge
and said suction sidewall;

a plurality of second inlets in flow communication with said second plenum and
cooling air within said cavity,

a plurality of discrete second pedestals, said pedestals extend in the spanwise
direction within said second plenum; and

a plurality of second exit apertures disposed adjacent said stagnation line and within
said second half of said trench adjacent said suction sidewall, said second apertures in flow

communication with said second plenum;
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comuni cation with said first plenum wherein cooling air enters said first
pl enum t hrough said first inlets, inpinges onto said first pedestals and

is directed into said rst apertures, said first ertures direct coolin
it ext Ll ng YIRPEROOHRETEFIER a PSR B RS SO0 TIPS TPAES

si dewal dnid onidl bédﬁh&?@&csia’i@andﬁb frldibd info sl Se Elfeﬁ’hl urEé 3hi gécont']‘é&hher

i ncluding: a longitudinally extending second plenu di sposed proximate to
said | wdrtmgs ddgca coaling aiaexiting dterefroms iodensaid stagnatibuliaé and/ontd ssidpoesdutien| et s
in fl ow muni_cati on  w trE ‘,{s.ai d second plenumand cooling air within said
cavity; “LFP ImsPobhediiiif ot e second pedestals, said pedestals extend in
the spanwise direction within said second plenum and a plurality of
second exit apertures disposed adjacent said stagnation |ine and within

sai d sekond Tal dirfofl oﬁaliaijnﬂr&mmhrmd]udb'@nt sai d suction sidewall, said second

apertures in flow c nicatian wth said. second . plenu 083 17.
wher el - coolt Wy lty SRR EE R Hou GemS ity Ch vl G SRR RS, s
| i ngegithiARhid adig) sngcond pedestals and is directed into said second exit

apertures, said second exit apertures direct cooling air exiting therefrom
over said st:agneatiutbnf ﬂhlrd@xamnemm)dlsmwdpdﬁsrsm@saléfmmitlap@rmres and cool the

irfoil f f h | udi I hird
"l et s FiPat s et PR i Aokt Puk i BaliR g pBE (1

said caedim; and a plurality of third exit apertures disposed adjacent to
said first exit apertures and w thin said pressure sidewall, said third
exit apert urwherein dopling aisaniars seist fishplgnem thrgngh said shird iplash impingpePRIPN

0001 i AR5 00, e METP S 0 0k St B
said t h:lobﬂnghirfcxﬁﬁ@rth&téﬂémdinhﬁfdid preesirt Bidewhll tefink kg thdsirfeflr om onto said
pressure sidewall to filmcool the airfoil.
4. The airfoil of claim 3, further including:
a plurality of fourth inlets in flow communication with said second plenum and
cooling air within said cavity; and
a plurality of fourth exit apertures disposed adjacent to said second exit apertures and
within said suction sidewall, said fourth exit apertures in flow communication with said
second plenum;
wherein cooling air enters said second plenum through said fourth inlets, impinges
onto said second pedestals and is directed into said fourth exit apertures, said fourth exit
apertures direct cooling air exiting therefrom onto said suction sidewall to film cool the

airfoil.

5. The airfoil of claim 2, wherein said first inlets and said second inlets alternate to form

a longitudinally extending row.

6. The airfoil of claim 2, wherein said first and second apertures extend in separate

longitudinal rows, said first and second apertures are offset from each other.
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4. The airfoil of claim3, further including: a plurality of fourth inlets
in flow conmunication with said second plenumand cooling air within said

cavity;~yand . | e b4 A ik i - adi t.t® said
cecond Bl soiioRorChugl, LR R o B et ERel PRPRARIANAAGED: o o
aper t urtbad iaperfuresparaliehuc said firss apeviurbs sal Ghid foachgemhres exendiner lngitadiodli ng
air enters said second plen t hrough said fourth inlets, inpinges onto
sai d sé@&’naalgé apegtu cparailglﬁorsgg{ BOQ‘ﬁ?H?né‘Hisd fourth exit apertures, said

fourth exit apertures direct cooling air exiting therefromonto said
suction sidewall to filmcool the airfoil. 5. The airfoil of claim 2,
wher ei r8.sai dTlid sidbiliofickim lantiesa chid Bxso pedeastalseyhialstidrfivat plenwn farerstmped

l ongitudinally extending row. 6. The airfail of claim2, rein said first
ond s oo ECe 0P edele a e st orf e nfirenss b6 Feshchrditiion ang
second @pBhisHidasadhLedtef S€t fromeach other. EH 10839 18 i 7. The airfoil

of claim4, wherein said third apertures extend in a longitudinal row, said
third apertures parallel to said first apertures and said fourth apertures

extend i n a longitydinal ro said . fourth ertures rallel to said
second ‘per « TREaHoH OF $aim 2f Fflefiisid sRtnd PockBila iR B3 Goond bR G 1 i s
Wit hi n ghabsll dol prfot tarbulendé 6f SdbMAG Air widhiR sAARECON IS BEinefeaSOME hBg ai r
within said first plenumand increase the heat conduction wthin said

| eadi ngroadyetiongvithinsaigllegding edge. cl ai m 2, wherein sai d second pedestal s

Wi thin said second plenumare shaped to pronote turbul ence of cooling air
within said second pl enum and i ncrease the heat conduction within said

| eadi ng1edgeTheldrfoill Rf chiitif2Qivhein efidifif dnd wWheehi¢ pedessalintiuds h camer pationd
pedestal s include a center portion and first and second segnents that
f1are cAndfisgandsseonchiegmentsthat flags eutward fiom saig cgnter paxtiognand saidisstiartbgnent s

of eac hsg%ncF?eigg‘n)? lg[} }eﬁgpgfoﬁﬁﬁﬁgaﬁggéﬁﬂ@egﬁﬁ 27¢ bRl b forkPd Bnitudinal

| ongi t udi na
extending row.

11.  The airfoil of claim 2, wherein said first and second apertures are shaped as slots and

have dimensions no greater than about 0.200 inches.

12.  The airfoil of claim 4, wherein said third and fourth apertures are shaped as slots.

13.  The airfoil of claim 1, wherein said second end is a free tip.

14.  The airfoil of claim 4, wherein said first and second pedestals are propeller shaped.
15.  The airfoil of claim 2, wherein said first and second inlets are shaped as slots.

16.  The airfoil of claim 4, wherein said third and fourth inlets are shaped as slots.

17.  The airfoil of claim 5, wherein said first and second inlets extend longitudinally along

a mean camber line of the airfoil,
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11. The airfoil of claim?2, wherein said first and second apertures are
«shaped as slots and have di nensions no greater than about 0.200 inches.
12. The airfoil of claim4, wherein said third and fourth apertures are
shaped as slots. 13. The airfoil of claim1, wherein said second end is a

free t| 14 Tpe alrrff of, claim4, wherein said first and second
pedesta ar @ hollgy ainfed, cgﬂ'ﬁ’ﬁé’d'g 15. The airfoil of claim2, wherein said

first and seﬁﬁﬂ@érﬁmﬁm ﬁai&wﬁt&ﬁra%ehﬁgsaﬁtméwabl@fm% é#de%e' aiftbjic! ai m 4,
wherein said third and Tourth inlets are shaped as slots. 17. The airfoil

of claimb5, athextenal \s:dl whfc:hnsctlutmq:mumrand|sn¢talrssn®w@hdolhedlgxgeﬂndr glal |y
along ‘gfii}‘"?ff ne of the airfoil. EH 10839 19 18. A hollow airfoil,
conpris %S“ga 18 ﬁ%\$35c339|ef‘3¢“f‘%5f%ﬁE?P‘é%ﬁ'ipng air is flowable from an

end of the aé£t5%da'uon IiAE, s%iﬁﬁﬁg}ﬁhoﬁ"ﬂhé eXtEh Ip'af?&lsh“ﬁﬁﬁ RARISAFp &dpe; Suction

sidewal | s joi ned toget her | eadi ng and t 1 ng e ges and extending from
aroot to a atrmcha:hsptoaghmtsamrmdtcmd walhisdidsteagin axtends iniarspamxise ditectipaandi se

al ong sai d.l eadin dge: a trench dj spos i.d extern wal | , said
o Belaeifisn Ralf 83T oftohl BAE hald BROSRERCPod Rt hShi ey B 1 2o a
second faddatiosfhel first and second halves separated by said stagnation

line; a first cooling flow passage having a first inlet in flow
conmuni cat i onfist coplingiftow pmsegmvlmﬁtsymla ifi ifhowt commimicatignepivis sadd wi t hi n

said fir ort on .of s tren et we ai 4. pressure sidewall .and said
ot agnat P UbY &Sl asbosas Bai 58 PeR Gpignli SRR eBaT hetF ¥R paiB 0 1 T g
passag epr‘e‘ék@nfb §1h@.¢ralpﬁﬂ JaRtDstadriatiOMifE, and Al fikst pddsstalcex@dnditg Wil agid fire ough
said first inlet, inpinges onto said first pedestal and is directed to

exit theooling passpge such wag copling 4ir ¢I§§r3681d| ferst qapling ppesageodroughesaid finst indet,

communi R oy ER oD s UbeBiER S5E RS rplsh S FsEluefid o7

sai d segpmeod) Phd duvetio@kidewhllt dndench between said suction si devval | and sal d
stagnation line, and a second pedestal extending within said second
cool i ng passasfeond eeplingfov passagehaying firsk injetdn flowseamynuanieatian wigh paids age

throughyzahd cHlE)?,ta first outlet disposed within said second portion of said trench between said
suction sidewall and said stagnation line, and a second pedestal extending within said second
cooling passage such that cooling air enters said second cooling passage through said first
inlet of said second cooling passage, impinges onto said second pedestal and is directed to
exit the airfoil through said first outlet of said second cooling passage disposed in said second

portion to film cool the pressure sidewall.

19.  The airfoil of claim }8, wherein said first outlet of said first cooling passage is

staggered relative to said first outlet of said second cooling passage.

20.  The airfoil of claim 18, wherein said first cooling passage further includes:

a second inlet in flow communication with said internal cavity; and

a second outlet disposed within said pressure sidewall and adjacent to said leading
edge;

wherein cooling air enters said second inlet of said first cooling passage and impinges
onto said first pedestal such that cooling air is directed to exit the airfoil through said second
outlet of said first cooling passage to film cool the pressure sidewall; and

said second cooling passage further includes:
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i nl et of said second cooling passage, inpinges onto said second pedestal
"and is directed to exit the airfoil through said first outlet of said

second coo! [ eméﬁ’ﬁ‘fﬁ%?" ﬁth%l dlfht@?nivﬁrb?%@ emg]ocraw[?rhnho filmcool the

pressure si clarm wherei’n said first outl et
of said firstsecond outlyt dsposedovititn ssitlaggamedideved|bdnidv@ljdcentaaisaidfieadsdg out | et
of said second cooling passage. 20. The airfoil of claim18, wherein said
first c88fing passage further includes: a second inl et in flow

conmuni cati qphé%llhrkoﬁﬂﬁggllr ah s’lﬁ} él%ﬂébj‘:l)éeco:?ﬂqnl%t 8?%19(?" !:(%llélg éﬁpsﬁer ein

within said pressure s acent to sal

cool i ngardli 1mpmgbeom0$aidke6@ﬁbmestall sat:h diat sablehgf dir stdneaeﬂ tmgummﬁaml and

i npinges onto said first fpedestal such that cooling air is directed to

exi t t hiBrayenseidisceandsuyt elasaifl sseershepolingpriseeeio Sl ool thesucienpidpyalbassage
to filmcool the pressure sidewall; and said second cooling passage further
I ncludes: EH 10839 20 a second i nI et in flow comunication with said

i nt er natl. cavllieyairfail df alaive Q0Natherain said fitss pabedond pddestaarabouaiei shapal dewal |
and adjacent to said, |eading edge; wherein ciool_i ng air enters throygh said

second 'Wﬂ'@taQﬂ““%é’PHl%"e@GlerS‘caé‘éllsF?fﬁ"dp‘eig@ﬁﬁté ongiydingily AYERJIBRITMLEAIY "second
pedesta&en&gﬁgﬂo?agm@ @tbﬂ% r?e‘{: asd e‘i‘ﬁ&lf&ﬁﬁéiu&e% exit the airfoil through

sai d second out| et o I ng passage to filmcool the suction
si dewal | . 2 1a thitdeudier dlspdsctbimtbirmam fifs; podiionaif said aredcH betgeerasald pessure
pedestal e ow— e sha having a center portion and first and second
segmentsé | ‘1‘5“5‘:‘“8 18?1d| ng fromsaid center portion, said first

cool i ng pass@@&eintoblifg air BhleRAGN firdt flldt'ot saatdratcoeh ligppag éjgev‘hﬁﬁihgessﬁitg first
portion of said trench”between said pressure sid and sal d"stagnati on

line, vdaed @ntﬂrcpouiqmg‘ said firshpegestalandds flirected by bad ﬁmt apd setond lssgmmuabf ng
passage, s nto ai d ter ort on of said,fir des and is
di rect e‘ﬁ“dogg nafﬁ @&H rﬁt@t 36'8 mg‘i%ﬂq‘t’f ?éﬁmcgéﬁég & o exit
the airfQidg ett@ﬁgu%olstgé gugtiohssgqu Iuﬂ:l rd outlets of said first cooling
passage to f il mcool the suction sidewall; and
said second cooling passage further includes:
a third outlet disposed within said second portion of said trench between said suction
sidewall and said stagnation line,
wherein cooling air enters said first inlet of said second cooling passage, impinges
onto said center portion of said second pedestal and is directed by said first and second
segments of said second pedestal to exit the airfoil through said first and third outlets of said

second cooling passage to film cool the pressure sidewall.

22.  The airfoil of claim 21, wherein said first cooling passage further includes:

a fourth outlet disposed within said pressure sidewall and adjacent to said leading
edge;

wherein cooling air enters said second inlet of said first cooling passage, impinges
onto said center portion of said first pedestal and is directed by said first and second segments
of said first pedestal to exit the airfoil through said second and fourth outlets of said first

cooling passage to film cool the pressure sidewall; and
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sai d second cooling passage further includes: a third outlet disposed
“Wi't Hin said second portion of said trench between said suction sidewall
and said stagnation, |line, wherein coolhggfair enters said first inlet of

sai d second ¥oiroRf (pding passagsfirthgeinc ‘0 said center portion of said

second pedes LS i -y sal ks .sai d
second pedes%gjlluﬁ? %qgiﬂlgdtoﬁ?g?ﬁ%éﬁﬁggiSﬁé\gaal?gﬂi? ?@gﬁaghodé fcﬁl{%?ﬂh%g?%eéts of
sai d secondwhaeihicoglipass agterstsaid secondcinddt of baad peend wpeling phaswge] impfifgesThe
airfoil of claim?21, whereip said first cooljn ssage. further includes: a
f our t h VU@ FUH CERtErROsHep 0 v pecen aefifﬁ'élyzﬂ?lé dgieg'saﬁmsa@fmswﬂéew to said

| eadi n v | | e t : | ' ' Frst
cool i ngsegglgggé)\g?ﬁ?ﬁ%@ﬂg@ghésoﬁgtugbggﬁ% agxfgﬁ% gﬁbggort | o%(ég#d]é'g}i %ﬂﬁl ?gitl&[s)te)gest al
and i s gidecoeticdying passage tosfilmaceb] slecandoseigewall.s of said first pedestal

to exit the airfoil through said second and fourth outlets of said first
cooling passage to filmcool the pressure sidewall; and EH 10839 21 said

secand £00! | g AASH PEIalH DY NEherRFalR c@]iﬁgiﬁ%%é@m&ﬁ indhgResed wi thin

sai d suction si adj acent to sal edge; wherein cooling
air enters sathirdssleomdlow emnmuhicaton withcendagdyl dndg passage, inpinges onto
said center rtion of said. secand stal ..and is directe said first
and second  SBiResTe R EalineSERon shf e <PalifE Bussdes, St D rdbrR e RP B gh
sai d segORpedRavids Ed@ PP ad firsb At SEPRINEAR! IbAEI RN ER1ehinkl | M cool
the suction sidewall. 23." The airfoil of claim21l, wherein Said first
cool i ngfrpmsgidgentenpettion; i ncl udes: a third inlet in flow comunication with
said cavity; _and. a third pedestal.extendin it hin.said first,.coaling
passage.  sai WheHmteo bR BEER LR oR e S Selue b e P ae B P on anc
first agflosaaepsleSRITBNbEsdi® fight pbdtstudhhd istiteeredibyGaid firgRegict sfaaidfirst
portion; wherein coolina air enters said first inlet of said first cooling
i

passagepesastal toysxit dssairfori throygh epid bnst eptighonspighfirsf copling pesspea toflmeencdl  and
. O B S O BT BheBlnBE e S RSPk Bl o,
cool impinges onto said center portion of said third pedestal, and is directed by said second
segment of said third pedestal to exit the airfoil through said first outlet of said first cooling
passage to film cool the suction sidewall; and
said second cooling passage further includes:
a third inlet in flow communication with said cavity; and
a fourth pedestal extending within said first cooling passage, said fourth pedestal is
bow-tie shaped having a center portion and first and second segments longitudinally
extending from said center portion;
wherein cooling air enters said first inlet of said second cooling passage and impinges
onto said center portion of said second pedestal and is directed by said first segment of said
second pedestal to exit the airfoil through said first outlet of said second cooling passage to
film cool the pressure sidewall and cooling air enters said third inlet of said second cooling
passage and impinges onto said center portion of said fourth pedestal, and is directed by said
second segment of said fourth pedestal to exit the airfoil through said first outlet of said

second cooling passage to film cool the pressure sidewall.
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the suction sidewall and cooling air enters said third inlet of said first
*cool'i ng passage and i npi nges onto said center portion of said third

ittt ar 8 o eGSR whee AR e as R b R e age

to fil megehet than ambllme§ bik@YRd Kirst 30flets HebhafEPRAIGO 2hd ﬁ&eﬁmﬁgm%f urt her
includes: a third inlet in flow conmunication with said cavity; and a

f our t h gredesthan akout &nkinaleswi t hin said first cooling passage, said fourth
pedestal is bowtie shaped having a center portion and first and second
segnents longitudinally extending fromsaid center portion; wherein

cool i n@si r B AF5il RcRIth 23s#héreinedai Dfirseildls RENE HEROhisRdofRarsfAgeandnd

i npinges onto said center portion of said second pedestal and is directed
by sai deeondseootiagpessagestalicaiale tofeun pdonmiydialy ckgndingrovhe airfoil through
said first outlet of said second cooling passage to filmcool the pressure
sidewal | and cooling air enters said third inlet of said second cooling
passage@nd THe4iffoHf 0niM 18pwHeeBI¥atl fiR0ind ROomd péiRbdisio¢ sHdped arligdhdke and
is directed by said second segnent of said fourth pedestal to exit the

ai r f oi |tushlenggef seplingraiy and iperepsstthgheat sprflucten yihitwid jeadinggdstge to film
cool the pressure sidewall. EH 10839 22 24. The airfoil of claiml18,
wherein said first inlets are shaped as slots and have a |l ength no greater
t han 0.2B0 i Tikhsigfotl vd chirn @0 whereinssaid €tsndindets @shapaiassiat sndieave a

| ength no greater thap_about 0.2 inches. 25 The alrf0|l of claim 23,

wher ei rFCE%PPd'OfET?aé?T‘ ?ﬂ%f’g 0 mchesandsaid serend pitlogssarg shaped gs slotsandiaye asecond
cool i NgeR Sad thel MhufobAndsm a longi tudinal ly extending row. 26. The
airfoile @ﬁclg&n118 wherein gald first and second pedestals are shaped to
pronote turbul ence of cooling air and i ncrease the heat conduction within
sai d | egdi ng..edge. ..27. The _ai(foil a wherein said second inlets
are shaped g'ghesggf’g Oiﬁli“fﬂj\%w erey Wcﬂ%&@éitaeffeet%n 0. 030 inches and
sai d second outlets are shaped as slots and have a |length no greater than
about 0.2 inches. 28. The airfoil of claim18, wherein said second end is a
free tiZ¥. 29A methed fasgodling zlsedinggdge dicmbivliny aidipdl svitable fior usewn gas tudiine,

sui tablcfeon];;())rfsmg t%elspepgg'ts: t ur bi ne,

providing cooling flow from a cooling fluid source to flow into the inlet; and
fabricating a microcircuit within the leading edge, the microcircuit comprising:

a longitudinally extending plenum disposed proximate to the leading edge:

a plurality of inlets in flow communication with the plenum through which
cooling flow may enter;

a plurality of discrete pedestals, the pedestals extend in the spanwise direction
within the plenum;

a trench disposed in the leading edge, the trench extends in a spanwise
direction; and

a plurality of first exit apertures disposed within the trench, the first exit
apertures in flow communication with the plenum, the first exit apertures transitions
the cooling flow from the plenum to a region exterior to the leading edge of the airfoil

to film cool the leading edge.
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corrprl sing the steps of: providing cooling flow froma cooling fluid source
“t6' flowinto the inlet; and fabricati ng a mcrocircuit within the | eading

edge, the mcrocircuit conprising: a longitudinally extending pl enum

di sposed proxinmate to the leading edge: a plurality of inlets in flow

communifAt i of,

pl ural |3jtb;l of m@%@gggﬁﬁgﬁg?n}'g&é@ﬁg@f\ﬁaggp tglgge)é(l léédlp&rﬁ%yseg%ﬁie 5

directigcfn w thin the pI enun a trench di sposed in the | eading edge, the

trench extends .in a spanwi se direc nd a plurality of first exit
apertures di feph e@agwr&ﬁ GioryHeetalinfed h ?‘{‘H\e"a}ftl‘? EF“B&"I%“C“ disersiededesialey ow
communi cati GeiihDfeiRleH Ml fifo 4 Iofd (0P KhkinBREE litfoRSard anSitions ~ the
cooling flow ?réngtr{ge 6 enum tg 1a regll onoext elrngor tléﬁ)t heﬁc{ eadi ng edge of
the airfoil retmovirgthe cdfcictdrip enckat dbimthe axitdel affddch@B8O 23 30. The net hod of
claim?29, wherein the fabricating the mcrocircuit conprises the steps of:
fashioning a refractory metal into the formof the plenumand the discrete
pedestalys;  THSEhbAOS Lifin30! WAGEA the Hrfofllis FabiiRaRd Tinfla it SEEL A GroblC
airfoil; and renoving e refractory netal fromthe airfolil after casting.
31. Thahagtqu)d:ouhstui@fmlml badedraflbys dridecohalt baseld alleys.abri cated from a net al
sel ected from the group consisting of nickel based alloys and cobalt based
all oys. 32. The nethod of claim 30, wherein the pedestal has a | ength no
gr eat erax hanriab@ihofd of edim BOCRRSeRANHe ?@tﬁsiaf‘h%@ieﬁ%ﬁ%@g@h@ﬁﬂﬁﬁ Mou 0. 130€at er
than 0.030 inches and the exit apertures have a mensi on no greater than
about Ondgs and thecipletEhdve@3Emension no greater than 0.030 inches and the exit apertures

have a dimension no greater than about 0.200 inches.
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