;1] e3eVSlI 6T9=) 02-1 76 TITLE: 1 MPROVED FI LM COCOLI NG FOR M CROCI RCUI TS
~BACKGRC1JND OF THE INVENTION ( 1) Field of the Invention The present
invention relates to a mcrocircuit cooling passage fabricated in a part
and termnating in a slot filmhole providing increased fil ml‘mmmmm‘ﬁﬁ“ﬂnm
created by2th& rapid expansi on and expul sion of a cool ant ga
slot filmhole and across the surface of the part. Mire specificajsb s this

i nvent i onTiBlat esSIMRROYERetlidod OPOL NSO rHIRY MICRGCARCYOTEr cui ts conpri sing
slot filmholes into parts requiring cooling so as forma protective film

Connoctive. transTer of heal sacemosniir e pavenzeay coscr | M RMIGHININ

Rel at ed Ar F%I 0Q |n f ai rf0| | s depends on the gas-path nomeghdyn of a
gastravel f the airfoil to interact with the film

ai r monentum ark prfe(‘s%nﬁ:h&nfzéhﬂl@t rrdvlest ke sumfiaescofcthe adifieid . If the
momentum of the filmair is too high, the filmair will penetrate into the

gas path BPFS3ff T 15@hEFe 1P 02 tBRY s CAcE ™ HRPE 1 pRiehBnndtf Y of idd Ihed e

bl ow- of f agnglisifetiidrental £01hidd0aQQd RGeakkbnolgs angh $latmntshiaugh
which filmair may exit are discrete features on the airfoil surface. A row
of hol es #R9 oPARH dEF RED2pePPpEaRl A Sar-EeuChe thassSpat hf Flovialia eédd on.

This row ofrhod 6% £isRGlS ca Bflawogoclwg mefeaggac@@%aﬁrea{nﬁ the holes.
Between holes in a row, there is no filmfrom r ow. hIS area depends
on the cohdlttlism welkithst he aetethad OéodlnCpﬁ@%aHa@emh@\J@pqml@ft@re t he
netal see | i y I e o)

t enper at u?% aln% r}w]e%glz)g tggtflr%e?g%%{':l tg;%lgrftct?eég}ﬁ%?tg é?é%ﬁchr theé "exits of
the filmhotesa piwecdudeadélofof heodolads eamobe kher eas@tice THi $hean be
done by Using Jwn& ROLES ¢804, IDrE GROlING LoV oL bycdiTiusian Qg 176
the air exiting t héle “$6 that T he same anount OW requires nore
area, andwitlain arteapean.be extended perpendicular to the gas path flow
direction, increasing the coverage of the filmrow This will increase the
percentage of the airfoil surface covered by film decreasing the average
filmtenpératbes;rigndonediicRaatd Aanount of surface relying on conduction
for cooling. Wth reference to Fig. la and 1b, there is illustrated a

cool ing channel known to the art. Coolant gas 27 is circul ated through the
interior of a Famt dmdle)gi bs asrBxils gapedst bnough @ah@&t}ﬂnq&@m’t&&ti ng
the part sgrface | ow 29 |%§)ull d acr?sg art iatse 12C and is

i |1 ustrat® hetd i &YS \l?g §CFP O Tt SWHEAgRE SRF o8 bart SUr¥H&eE s Gas
flow 24 isitisusid yflgeﬂarlat fdmast imearnceAdriceoftheheipar i foavdrg,tieften in a
rotary fashi as ' as 28 exits the hoe22 |nad|rect|on
That s SORETAR {9 FnGamarito ph (R FPAEE BB, ORe CBE: 1o Hhe DB BES t he
hol e 22, highegagis fiQngas f koW 24ertitt sye0aeeds the g@yepgtememz} land motthe
direction corresponding tg the direction in whigh gas_flow 29 is novjng. As
a resul t, 28k¢¥e g‘gfé P13 |5§r|56F?ed R o Rhaaepant lgugf‘%%d 2P i@ to hug
closely thergdor fidiang ta3 Fhbf edoling.

Film holes and slots through which film air may exit are

discrete features on the airfoil surface. A row of holes is
often defined perpendicular to the gas path flow direction.

This row of holes ejects a film cooling the area down-stream of
the holes. Between holes in a row, there is no film from that
row. This area depends on the conduction within the metal to
cool the surface and therefore the metal sees something slightly
higher than the average of the film temperature and the gas
temperature. By increasing the size of the exits of the film
holes, the coverage of the holes can be increased. This can be
done by using more holes, and more cooling flow, or by diffusion
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It is therefore advantageous to .configure the placenent of holes 22 through
a part surface 12 such that the resulting film 26, consisting of cool air,
forms a protective coating over the part. One configuration known to the
art is illustrated in Fig. 1c. A plurality of holes 22 are arranged al ong
an axis 204miéPein axis 20 extends generally perpendicular to the direction
of gas flow 24. Each hole has a width equal to break out height 16. Pitch
18 i s conpireedigserheind stlendelal sngthrist29 saguiaredntorfafsowngl e
repetition .a_hol e 22, Therefor he linear .covera fforded by such a
pattern of gjllggsig &quat®to nrdgég'a%u TRai ght % ed('lt\(/e?%g% B?/r%?rtl%lné/ﬁ]?.r As
defi ned, cevehaggaknpselasesow faitrkethohesiaceespacedhel aseertggetherhd t he

pitch decreases) or, _nmintaining a constant pitch, th fdth of the holes
D e heraadoqtrt neT B bt U hataRe heobeFesiirns PE Fhtr oSyl 11 i s

t her ef or e sprrebeecabbeet ©d confiigur, e deekess22q i thé Pafrdagenfiiimsuch a way t hat
the coverage is maxi m zed. Such a confi%urati on provides for the greatest
coverage BV PEEAFSEC of 2 arie B Pec e e 22 Of brelumatdidye a81wen?iWhed, it is
comon i nddhguattohOofofXddodary .28 to exit hole 22 in a direction normal to
part surface 12. |f the velocity of exit gas 28 is too great, exit gas 28
tends to extenlifBrrafeftehd® db6velpartdsiif dd@re2 i5ef ot asteaidd iy with
gas flow 2401kRgSHEENARDL | BRLANGS tht LStPossdPifd hals gas;tl ow 2@ wdd fail
to forma fil m86 huggi ng the part surface 12. As rnoted, this phenonenon is
referred tt&rayIhprbo- oRferi@ Gk 6f Parbsand sex it s Fsaiekidtegad eXithgugng to
effectivel d ol,L i gdt 1Sy | hepry jpl e
Fo const riot el 55 B urTH Soat UGS t Rat | forcdise T dt anet or 2 Tray
approach partssuppatesupfaudi? amdi her easesiratagseherneenweal dosery ef tam
reduce th | ogi it .ga d, 4 ncr e, for I film
26, Fonevar it g Gg e o hiiC Y RaraBart L b 1 BAPnar cntait i Y

const r ai nggneyathd physhesraxfulftl wifdtdgnparcsngwoirg,r elfaehvéhya snatdrwal ue.

Sl owing the yeLaci Ly, ghoex] Lo aas 28;by decseasing the raje of flow by which
cooling gas i s plunped 1t“ﬁrouggn ‘he partgrrere y ‘decr eases he“anmount of cool
gas avai |l alilrectdosptead Dverulpaahtsaifigcecdal Itto ipmreosmwhapeatli cefd 0
configure the circyipt channel s.throuygh ich coolin as,ls ed so that
the .fi ow Ol lcoglalsngbg%éltrse:}g‘lens{logtet gghe\é\@aﬁ%a%ﬁsoﬁoy%ﬁi%f ?ﬁ%s%ﬁr&gh t he
channel s andceeds tbempas tdeneswlfigcen Aheodiventtiomalcorowspbnlivh@st@xhe
arranged al,ong,an axis 20 typicall sults in coverages averaging 50 %
Wih Dot erEiBetianrrh vRact (s 0¥ PR B PRiE a Grapnie tobt ctTth B t he
t enper at urg graguedtdastsedg dhe daticl Buressd tingda arntbet exhtg of 1€oaly gas
t hrough a hol e. Rﬁgi ons 61 1%1 ' represent regions of increasing

t enper at urdSFFESeAP TR A 3 i1 &Pred on a part surface and extendi ng away
froma hole in the direstidraforgasdibaveddoudNaie donatiglbe whelth of the
regions 61'-61" ' is_not_ significantly wider than the_hol e through which
the gas eflsgemgnt 65-}1%6%%& &fgPEINt AePRBhvENI A Fall 2c SHEN gEP &t i i of

hol es creategsiaibyl FLoh 2OOlcAigiswihg afcoeyer ager,off capir axprat et y1vd0.
There therefore exists a need for the design of cqoling channels, through

whi ch may S98FePd €¥6Fi Ry RAEE capRBl £°Bf 1B Hithd1HE hBafPgefkr at®d in a

novi ng parit;1,34¢htad antpidi ney. Wal ehuphOvidest fy1ean 2exkievelkoghdea of the
gas | ow enough to ensure the formation of protective filmof cool air over

the surfacdo® BReapapt 20 THRGEEIns apdpt REr SRERRY %ETCERTT JuPEEPRFC bFU e
exit pointg, QheSUehecPObh NGy claNnaly bhat BEOYIRS & 60%eL28en 0L i ered han
t he 500 coverage achi eved by conventi onal neans.

break out height 16. Pitch 18 is computed as the distance along

axis 20 required for a single repetition of a hole 22.

Therefore the linear coverage afforded by such a pattern of

holes is equal to break out height 16 divided by pitch 18. As

defined, coverage increases if the holes are spaced closer

together (the pitch decreases) or, maintaining a constant pitch,

the width of the holes 22 is increased (the break out height 16
2



SUMVARY OF THE | NVENTI ON Accordi.ngly, it is an object of the present
‘invention to provide an inproved cooling filmover the surface of a part by
enbedding m crocircuits under the surface of the part. It is a further

obj ect 'of %bf7€resent invention to provide a nethod whereby turbine parts
may be fa% icated incorporating the mcrocircuits of the present invention.
In accordance with the present |nvention, enhedded mcgrocircuit for
produci ng*an* T Wpt 'co&ﬁiﬁa FReTe ok Qf%E%Fﬁggg &P Sobg?9?r%dﬁik?%é? an
inlet through pddwcdrm iGOG@ant agasy Mate iy covetlageUit ghaMME!e@Xt engdinng
fromthe inlet_through which the coolant gas may flow, and a slot filmhole
extendingaf??ﬁﬁ%9ﬂ¥%ﬁHQHJPFOBH§ﬁﬁefO¥cﬁqquggﬁﬁtﬁéﬁecﬁVefﬁ%ep%Ytf¥H% 44 19 hol e
conpri si ngazrans@perHag ot hrough which the cool ant gas enters fromthe
circuit channel, and a slot hole through which the coolant gas exits the
part. |n accor danc&Rfxrs UhRESpY esehtMG§HietSN 1 ta ifechBronf 11 dUrs catti ng a

part_wi theppsoued, £ookd g LLOW. n60IFS 565 e 3LeRs,Of o fabr i cating. a

plurality of mcrocircuits under a surface of the part, e mcrocircuits
conpri si nguafr¢alled. t Hfodhk whichity coblexitt gas AByientee, gredi r @xit

channel e ngld om t iLnle oLk I.C a flow, a
ot 111 mohal s rridt T Paeplintol I QLANCALEDE BREL NG 885 Y 16
t hr ough whéthre heeasudingnivigasganyf b t24a pdrt suahdapr besdamge a icodlsant gas

to flowin t inlet, thr h,t he. ci rcui.t .channel nd o of t.he sl ot

AR TR e JE SoReE L Rl e &rmlfa?hg%r%éss@% 1%n

di agr am oftheomd i tngsdrddaeekn@wni Astihet e t . HHIG phehbpAenon is referred to

perspectiveillustrationotacool ipg holeknown in theart, EIGS,  1(c

e shect | F81 | THRA Y onoPAgraPar LS5 Hrchart R TAOLBERB AT H: (HERE® oG

2(a) A crossfeecivay dicagr anpobast€i0fiddaliiing gicaobbng. H Gs2(dn A

perspectiveillustrationofamcrocircuit forco%Iin
|

FIG 3A
per spect i VBFP¥ \rstRRIGHGF &P GPAPFIVF oG 0d r&&%bsagﬁﬁt?ﬁ?scEQﬂq ng. FIG 9A

perspecti vettdasd riaf iqanekapreber fiege dyadiomint paka Buergetrcal t afddie an
presentinvention. FIG 5 A perspective illustration of a plurality of
ni cr oci r ctPFEedTC tile PrESERE FAVERMLTON S FHOGTSEREF ARSI VRUSEHRY idn W@ t he

tenperat uegi grogh e 0fd ankikbasproghicrait idnhele cknawisl N e, the
degree to which the aperture may be increased is constrained by
the physics of fluid dynamics to a relatively small value.
Slowing the velocity of exit gas 28 by decreasing the rate of
flow by which cooling gas is pumped through the part merely
decreases the amount of cool gas available to spread over part
surface 12. It is common practice to configure the circuit
channels through which cooling gas is pumped so that the flow of
cooling gas remains attached and slowly diffuses through the
channels and over the part’s surface.

A conventional row of holes 22 arranged along an axis

20 typically results in coverages averaging 50 %. With reference
to Fig. 6a, there is illustrated a graphic depiction of the
temperature gradient arising in a film resulting from the exit
of cool gas through a hole. Regions 61’'-61''' represent regions
of increasing temperature present in a film formed on a part
surface and extending away from a hole in the direction of gas
flow 24. Note that the width of the regions 61'-61''' 1is not
significantly wider than the hole through which the gas exits.
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FIG: 6(b) An illustration of the tenperature gradient of a film produced by
‘a slot filmhole of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS M crocircuits offer easy to manufacture, tailorable,
hi gh co’nvggt_?yg efficiency cooling. Along with high convetive efficiency,
high filmeéffectiveness is required for an advanced cooling configuration.
Wth refeéﬁnce to Fi%}ée 2, there isli | lustrated a m_crocircuit 5.

M croci r calrfES5° Ty TEONCREACBP L of HEr W 'Eé tTond &4 B EPEt 2 1n a

preferredrempodi nesdl Hr wA2hlZ6cbheragEraxispgpiioksmate1fosoed of refractory
metals fornms and encapsul ated in the part nold prior to casting. Several

refractory netal s i MSARditAGTREPYBARRLTE I Nb)"eeqd fPingBeeRe s\ Idve mel ting

poi nts thabodl Ryl dh8XASS ehrb¥BhCahi Qastdnedemaerabutes &fs Nichkeal,kased
superal | oys. These refractory netals can be produced in wought thin sheet

or forms Ph 3PgesPrEtddalpatodfaREd ewsdlithg ElRAAREl BaEharweterdstd ¢ of
those foundrhind Uring 33%GaERUSHON 5 A0l ING oSl gys,r Speci ddcaldy, such

mcrocircuits may be fabricated 1nto parts including, but not limted to,
conbust or ehpneh sto terrdinte thanésrme i vi ref hiradestivar bi he BOAS0lvarie

endwal | s, el . e bl ch.p e in part or
i n whol e S?Qgi gj\lll(‘él%%fsae z;%i%l 55% %?J;gbbgqes%aggd%gh%ggén Clgér;ga(r:gefractory
net al sheebtsfagdrdidrs ggoshessxénopgmdrictil Isucph tooal hgwelmendi g tawac
formng into conplex shapes. The. ductilit i.el.ds _a robust desi capabl e
of survi vPRG SRR nTERE GoEyEr oo Al (1° GR&t FRASTERE TR TAbr netal
can be renouedntsacdl asdrls.ough chem cal renoval, thermal |eeching, or

oxi dation nethods, |eaving behind a cavity formng the mcrocircuit 5. Fig.
2a shows a cross section of one such mcrocircuit 5. Coolant gas 27 enters
through an inlet into the m csuMMARYUIOE FHEpIWCEETSON hr ough circuit channel
29 and exits t rou)? . a.hole 22 as ex]iot %&a},{z&h Crcuit channel, 29 is

| ocat ed beneat ACPATT Ifadé 15 aF O c&EpproRFiht F PG %% t he
di aneter ekotiogUit Lhvield 280andghpl Bn 2re Wil ek eheacer t J&g pIb,
there is 1l]ustrated a perspective view of mcrocircuit 5. In a preferred
embodi menEMPEARERS tMAHATEIC 12553 8R RSt R prEdSTen At FhespiTlal pattern.

Wil e illustrated; g hedefiRrensgetd @f Stid drepbkeh AvehNEorl d Qeidvaldiet s Of
the present invention are not so limted. Rather the present invention is

drawn wi dél FeEBOR vy tPLARIPALES JarY dind P IGAFRR B GHFRAKAE 1¥Fannel

29 may bethernedrsscicdital oF sHkt gbtge@iiuerafidheat transfer is .
acconplished fromthe part to the coolant gas. In one enbodi nent a single

hol e 22 ext end¥"fRIRIIAEH t1ERafRRI PRISUHr GAYIRPRAPEN 8Ri TVRRAII8 may exit.
The rel at byek¥cG cuf2-8of0 producing an improved cooling film over a

surface of a part, comprises an inlet through which a coolant
gas may enter, a circuit channel extending from the inlet
through which the coolant gas may flow, and a slot f£ilm hole
extending from the circuit channel to the surface of the part
the film hole comprising, an opening through which the coolant
gas enters from the circuit channel, and a slot hole through
which the coolant gas exits the part.

In accordance with the present invention, a method of
fabricating a part with improved cooling flow, comprises the
steps of fabricating a plurality of microcircuits under a
surface of the part, the microcircuits comprising an inlet
through which a coolant gas may enter, a circuit channel
extending from the inlet through which the coolant gas may flow,
a slot film hole formed at a terminus of the circuit channel
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small size of the hole, with a radius approximting the width of the
.circuit channel 19, is used to control the ampbunt of gas flow in the
mcrocircuit 5. In addition, the orientation of the hole 22 forces the
direction 'qyﬂgich exit gas 28 exits hole 22 to be approximately normal to
part surf%%é 12. Wth reference to Fig 3, there is illustrated a plurality
of mcrocircuits 5 configured in a row along axis 20. Note that the expanse

across eacht I} FEICBUFRE5CPQI NG aFe Al $X0 dérPEhan 3THE RERYLG4 n6f 2each

hol e 22. Ascm@arteglst ot REoRr Bk QUle hei1ght 18rbsqgk el | valdL itk when
conpared to pitch 18. Such a design typically reSults in a coverage ( Br eak
out hei ghtnd Pitt &) the appk oki Hate1ye-10% Such a coverage value linits the
filmeffectiveness by providing a relatively small coverage. Wth reference
to Fig. 4 there is illustrated a preferred enbodiment of a mcrocircuit 5
of the present inventi onBRMErSGRIHTIOCY 0§ Tk NP NG ovide a slot film
hol e 31 he term nus,o Lrcuit .cha I rou whi € Xi as 28 may
exi t theaktn%%:'r (;%c(iaﬁcuit 55 15\58%%%%31&%%@%&%8 %?I%%%?lelr?lmeo%ee%agwf]or a
generally |inear expanséncompramsi.ng slot hole 30. While so illustrated, the

present i nt.| is drawn broadly taq.enc ss_any slot .hale 30 of a
| engt h grEgiz; ert @ﬂan itsgv\?%fﬁ?e? i Switde Hsggggh%nc?%/c%i?ooc%é}%n&oqfa
regardl ess of its shapeknBecausecta raaui.t channel 29 has a snaller cross
secti onal a .than does slot hole 30, as._exit gas, 28 flows fromcircuit
channel  28L1HT GUdH s of PP BRI C1 4 114 LHRFFABEAT B UiT T g Yexlt gas 28
al ong sl ot hole 30 whi choexiendsolpay pepencihathécatthe gas flow 24
direction,_the coverage_of the cooling film26 is increased. This increases
the percet@ge GF the af'rFEPFSSIRTHCE Edvaran By #iTHirUecidddi h§Tt he
average film tenperatureggoangyreduci ng the amount of surface relying on
conduction for cooling. Wth reference_to Fig.. 5, there is illustrated a
pluralityf - M &ocircuft BesSRfiGurled usihiratiow of ohgrisgasizguisr €8k out
point 16 is equal to thegsbengih of the expanse covered by slot 7 02-176
filmhole 16. In such a configuration, it is possible to obtain coverages
of greatefl%hah 60% W EhPPESRREHE tid lPiS§rashont dbree R4 igst Pat ed a
graphi c depiction of thg;tegperatiwe Qeadicent cg5isidg in a filmresulting
fromthe exit of cool gas through a slot filmhole of the present
i nventi onfI®edi ons 61' - B1Perspeprickent IMe§ranson of rerefiaiycenper at ure
present in a film fornmed,0nya,Har o SU fiace.andeext endinge anaydiom a hole
In the direction of gas flow 24. Note that the wdth of the regions 61'-61"
is slightly w der thahnvéetidmt hole 30 through which the gas exits.
Therefore nfiguratio t £l - eat fii.l f cool air
wth a cob\q/Ieci"'ﬁ'agsg of gr ea!'f\e e)'? %%%0\6% l\}vqluﬁgt%gﬁ%?%u(g% %eﬁ“]r%nlclé:yrggﬁ g. 9, it
is apparent that as themgovbantcyds miotdedsrebenughnydnrticdn.cuit channel 29

prioor to exitifgas exihygap: g, ddi SNLE $hbNtBnSLAlelld BlieniO0eAg ! of
filmhole is l'arger 1n area than the average cross section of circuit
channel 29, exit gas 28fékintsredwied idymahbbée3bnawn ain egdserardpeed t han t hat
with which it vels thro ' 1 I esul 1., exi as 28,
whi |l e exi #hg én(g)(ra}rral toﬂﬁhggg%%lragt&ro a%fe}?@ggegég eﬁ:l%t%ér e%rtjécqtelfn\%elotgc?ty SO
as to avoid unwant ed bl éwdnfprodimed égulat sdbtusiby lrolhe crodirecpirtes®nwi t h a
slot filmhole 30 througp}v\é\hkfhnexit gas 28 proceeds is the formation of
protective filmof cool "air u%g'l ng a part's surface and providing a

coverage of the surface in excess of 60 O . As noted above, convection and

filmare two eff e [ ' ] on d.s cool air
on the inside ofDeEtc%Z[Lgiﬁr BB%’?R%ﬁW g{f{)r@?‘t gh%%ﬁé?o%w Srfoil wall ,
heating the cogldmgidichitfherbenedddy afo aanvueattone ) st4 £ohead s Hilyd
cooling air heats up.__Filmcooli nIrg i nvol ves ehecti ng the cool air after it
has cool eTCRRF it Sitdr COFPEReC AR T4 1 @\r/thOBgt PP TR Y FEdUEe the gas

fl ow t enper gt eiehcyNeaghheiinl 8¥ fsce]wreleed feomegherdd| mharesdviandeegi ns
to mx with the gas flow. This m xing reduces the filmeffectiveness,
i ncr easi ngPR e i9Miignparaplr e Wgth reference to Fig. 2, there is

illustrated a microcircuit 5. Microcircuits 5 may be machined

or otherwise molded within a part. In a preferred embodiment,
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02-176 In order to counteract the decrease in filmeffectiveness with

-di stance down-stream of the filmhole, a counter-flow heat exchanger could
be used with the internal convective cooling of the cooling schene. That

i s, the cpol| air could be coldest far down-streamof the filmhole, and
due to internal convection, heat up as it travels forward toward the film
cool i ng hgl e. This,counter-flo%éeff ct_evens-out the s§rface net al

t enper at ur 8 TH R X ESnPFGuf &ETYh, Oy feGhodl r BEER bh DA 1S aféheral Iy in

a directioncdBdedeasy eue phralhemigii oM th, a5t PRPOSi §&yd1 the flow
direction of the coollnq gas flow prior to being expelled froma part
Preé

through WRPEFAGROTY G\RS21Pr énetaBing sy FdeowrdilMect rod Dongstam @direction
not Iess than 450 ARONRAS QUERQE 21d GRSt Bet hepfLow didiectj on of the

cooling gas flow. Mst preferably, the alignment dlgfers not nore than |75
degrees. PeMPRIHEET @fphacked, basrd fyummreddloyag nEkaani &9 ofcttdrey present

I nvent i on, causes. 4, ROl g ELhm { a, 08, #XPASEY tReB: T8l PO Af SHdden
expansion prior to eX|f1ng a part thus causing rapid expansion of the
cool i ng gagcésFaning a e kki cppl Byg depantd Isg chegact helsbhvert itdivale doacti ce
of allowing atsady and skowdifusion of B.0agLindegas, as. iy f] aue,t hrough
a part, the preseﬁ? I Anvent i oh achieves -advantageous it m oo 1'ng

char act ermstrosi iawclusdimay Wed€albovetrage,indteowek rgas ihehpetad urkes, nand
reduced blowoff. It is, apparent that there has _been _provid i h accordance
Wh the DYECEH S STEOR R o EPU U P61 CRRES ouF REETTT SIS g of - a
part and asuneitwdBaas, reekpenavsNDs SualY MiGTecilr edyes. | Nk Pards whi ch

fully satisfies the objects, neans, and advantages_set forth previqusly
herei n. VIRPE R pradsert TRUeHE | RAF hetk bee AdeScPF bRt KT (1S Thrtasy Sof
speci fi c epbeshaents ddtenaabysot hatial defmhattiorgsmetvli fheadd o, @nds
variations wll becone apparent to those skilled in the art having read the

f or egoi ngPARETTF RIVIPN AUCEAdFhYI VP 3419 BeRddRdednt of RFBIRE & tHose
al ternati ¥esp1s@difdeat.i onse andtf1itP2rikiGsvar krabhobsaasi drl dapaidilki Brt he

broad scope of the appended clains. 10
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 5.

Fig. 2a shows a cross section of one such microcircuit 5.
Coolant gas 27 enters through an inlet into the microcircuit 5,
proceeds through circuit channel 29 and exits through a hole 22
as exit gas 28. Circuit channel 29 is located beneath part
surface 12 at a distance approximately equal to the diameter of
circuit channel 29 and hole 22. With reference to Fig. Z2b,
there is illustrated a perspective view of microcircuit 5. 1In a
preferred embodiment, circuit channel 29 assumes a predominantly
spiral pattern. While illustrated with reference to a spiral
pattern, the microcircuits of the present invention are not so
limited. Rather the present invention is drawn widely to
encompass any and all patterns in which a circuit channel 29 may
be formed such that a suitable amount of heat transfer is
accomplished from the part to the coolant gas.

In one embodiment a single hole 22 extends from circuit

channel 29 through which exit gas 28 may exit. The relatively
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02-176 CLAIMS WHAT IS CLAIMED IS: 1. An enbedded microcircuit for producing
-an inmproved cooling filmover a surface of a part, conprising: an inlet

t hrough which a coolant gas nmay enter; a circuit channel extending from

sai d inl eé th{rﬁough whi ch said coolant gas may flow, and a slot filmhole
ext endi ng 470 said circuit channel to the surface of said part said film
hol e conprisi.ng:. an qgpeni ng through which said coolant gas enters fromsaid

circuit cﬂ%ﬁe!s;lzﬁnafatg?o}ﬂo%l &% GugR AP cRPREPH REJIIen (- NGy 18kt 8T sai d
part. 2. e el eabhhePf1¢) aidnukewherebpnsabd B tardun®f & tyee _
sel ected from group consisting of conbustor liners, turbine vanés, turbine
bl ades, thikdi de Bhasnigapel epdviald-s, landdditionl diyexrientatiennpér bbér cuit
of clai m,whereid sakdpars; is.d:abricatgd fr .Qct remthe
group consi sting ofr ni cﬁe %secdgl% éLys anaﬁcgﬁl té%ga?eBd%g{ll%%yggl%. Q?he

m croci r cu tbeofapgirgikimpte Wner@ine lsdicd peirkcaibt fepaniiel extends from said

S0t 11m hot & a0t BaaeTa0%s "t I oar GiBtasts b e Mot SoPrRurt 67 ol ai m

5, whereiaf saiatddimeantexpansef igideet ween two ahohd eaxits s t Wetwi dhht of

sai d CirC%Hé é%g%%gglécross each microcircuit 5 is considerably wider
than the radius of each hole 22. 2As a result, the break out
height 16 is relatively small when compared to pitch 18. Such a
design typically results in a coverage (Break out height /
Pitch) of approximately 10%. Such a coverage value limits the
film effectiveness by providing a relatively small coverage.

With reference to Fig. 4 there is illustrated a preferred
embodiment of a microcircuit 5 of the present invention.
Microcircuit 5 is formed to provide a slot film hole 31 at the
terminus of circuit channel 29 through which exit gas 28 may
eXit the microcircuit 5. As illustrated, slot film hole 31
extends for a generally linear expanse comprising slot hole 30.
While so illustrated, the present invention is drawn broadly to
encompass any slot hole 30 of a length greater than its width,
the width of the circuit channel 29, regardless of its shape.
Because circuit channel 29 has a smaller cross sectional
area than does slot hole 30, as exit gas 28 flows from circuit
channel 29 through slot hole 30, it is diffused. By diffusing
exit gas 28 along slot hole 30 which extends perpendicular to
the gas flow 24 direction, the coverage of the cooling film 26
is increased. This increases the percentage of the airfoil
surface covered by film, decreasing the average film
temperature, and reducing the amount of surface relying on
conduction for cooling.
With reference to Fig. 5, there is illustrated a plurality

of microcircuits 5 configured in a row along axis 20. Break out

point 16 is equal to the length of the expanse covered by slot



02-176 7. The microcircuit of claimb5, wherein said |inear expanse is
between three and six tinmes the width of said circuit channel. 8. A nethod
of fabricating a part with inproved cooling flow, conprising the steps of:
fabri cati(ﬁﬁg_ aplurality pf mcrocircuits under a surface of the part, sa! d
m crocirclfit's conprising: an inlet through which a coolant gas nmay enter; a
circuit cpjglnm—:r-{ﬂlex.tl%ndi ng ;rom said jnlet tthrou h which said cool ant gas
may flow T2 SIS iPm holleS e eh iR HOMEATSARd £F r£2i RO THAN et Ot 8PF A
surface ofowdidpact gacdrét!|mmdrolapsconprising: an opening through which
sald ool ant QA g enee o A O ke m0® 11 80 ated & graph:
, graphic

depiction of the temperature gradient arising in a film

resulting from the exit of cool gas through a slot film hole of

the present invention. Regions 61'-61''’ represent regions of

increasing temperature present in a film formed on a part

surface and extending away from a hole in the direction of gas

flow 24. Note that the width of the regions 61'-61''' 1is

slightly wider than the slot hole 30 through which the gas

exits. Therefore, a configuration of slot film holes 31 creates

a film of cool air with a coverage of greater than 60%. With

continued reference to Fig. 4, it is apparent that as the

coolant gas proceeds through the circuit channel 29 prior to

exiting as exit gas 28, it enters into slot film hole 30. As

slot film hole 30 is larger in area than the average cross

section of circuit channel 29, exit gas 28 exits slot film hole

30 at a lesser speed than that with which it travels through

circuit channel 29. As a result, exit gas 28, while exiting

normal to the part surface, does so at a reduced velocity so as

to avoid unwanted blow-off. The result of using a microcircuit

5 with a slot film hole 30 through which exit gas 28 proceeds is

the formation of protective film of cool air hugging a part’s

surface and providing a coverage of the surface in excess of

60%.

As noted above, convection and film are two effects used to
cool turbine airfoils. Convection is cool air on the inside of
the airfoil which extracts heat from the hot airfoil wall,
heating the cooling air. The benefit of convection is reduced
as the cooling air heats up. Film cooling involves ejecting the
cool air after it has cooled the interior of the airfoil onto
the surface to reduce the gas flow temperature. Once the film
is ejected from the film holes, it begins to mix with the gas
flow. This mixing reduces the film effectiveness, increasing

the film temperature.



a slot hole through which said coolant gas exits said part; and providing a
'coolant gas to flowinto said inlet, through said circuit channel in a
coolant gas flow direction, and out of said slot filmhole. 9. The nethod

of- claim@§8 wperein said fabricating said plurality of mcrocircuits

conpriseéx%ﬁ%(%teps of : fashioning a refractory netal into the formof said

plurality of said mcrocircuits; inserting said refractory netal into a

mol d for castilfgOS8rd par EOUHRF ¥EmbPrngeSarase ettt dctidr ¢ ffecall veReRFsai d
part aftef; apsiisRdncdOdodhes I d 0f hel 2k M Bhoher el e saitd Nantyl §9f a
type selected fromgroup consisting of conbustor liners, turbine vanes,
t ur bi ne BEdEgrUEBRAE BOASed alid hefdiRall nserant einrvasitivedgesoling of
the cooling scheme. That is, the cooling air could be coldest
far down-stream of the film hole, and due to internal
convection, heat up as it travels forward toward the film
cooling hole. This counter-flow effect evens-out the surface
metal temperature. In such a configuration, gas flow direction
24 is generally in a direction 180 degrees out of alignment
with, or opposite to, the flow direction of the cooling gas flow

prior to being expelled from a part through which it flows.

Preferably, gas flow direction 24 is in a direction not less

than %150 degrees out of alignment with the flow direction of the
cooling gas flow. Most preferably, the alignment differs not
more than *175 degrees.

As has been explained, the film cooling mechanism of the
present invention causes a cooling film to be exposed to a
region of sudden expansion prior to exiting a part thus causing
rapid expansion of the cooling gas forming the film. By
departing from the conventiocnal practice of allowing steady and
slow diffusion of a cooling gas as it flows through a part, the
present invention achieves advantageous film cooling
characteristics including wide coverage, lower gas temperatures,
and reduced blow-off.

It is apparent that there has been provided in accordance
with the present invention a microcircuit for improving film
cooling of a part and a method of incorporating such
microcircuits into parts which fully satisfies the objects,
means, and advantages set forth previously herein. While the
present invention has been described in the context of specific
embodiments thereof, other alternatives, modifications, and
variations will become apparent to those skilled in the art
having read the foregoing description. Accordingly, it is

intended to embrace those alternatives, modifications, and



02-176 11. The nethod of claim8 wherein said part is fabricated froma
‘metal selected fromthe group consisting of nickel based alloys and cobalt
based al l oys. 12. The nmethod of claim9, wherein said plurality of
merocirc 5t_§7§re arranged in one or nore rows such that the slot filmhole
associated ™ wth each of said plurality of mcrocircuits formng a row

resi de gener.al upon xi s.. ,13. The nethod of claim12, wherein said
axis is oyﬁéﬁ?]é%o%pparsox'an@t &y g8 BRRAPELTAr°$ 8% r?éa&the PFS’H%)‘? a gas
flow, saidlgassflow flow ng across the surface of said part. 14. The met hod
of claim 12, wherein said direction of said gas flowis |80 degrees out of
alignment with that of said coolant gas flow direction. 15. The nethod of
claim12, wherein said direction of said gas flowis 175 degrees out of
alignment with that of said



coolant gas flow direction. 16. The nethod of claim 12, wherein said
‘direction. of said gas flowis 150 degrees out of alignnment with that of
said coolant gas flow direction. 17. The nethod of claim9, wherein said
plurality,of,ficrocircuits are fabricated under said surface at a distance
appr oxi ma?el y equal to a width of said circuit channel. 13 .A . A
CA?CAU?. A, LA L AA?. AU?. A Ae. Ale. Ay. AAy8TLJ¥V%*+, j k
% ghi | RW~xr mhc”~Y] ca] ca] ca] ca] ca] c"a] tRa}e ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
cal] ca] ca]gedTals " @lqaED: ak¢a] cMa] cal] ca] cva] ca
PITE"" 781 &&&&' "' {‘q(,e(é%i*-r* +000888Y8==?7?@ xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ta] ] CARCAPES] BaFEaftat el i AFCSPEATE af & al B Tt oA 4] ca! @B
GECHHHH  film over a surface of a part, comprising:
HHIJJJ~KKCLLLL>MIVMVBNNMNNNDOz OOC} xsni d_Z] | ca] cafca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cata]e&ltcaleareh] ¢al €a)x fdpea] eapcaftadieaiea] ca] cal OPKPQNQWQ
QRRR ircuit channel extending f id_inlet through whi
RZRRRR, SeSSTMTarL(J:\%LﬁrCLIJJLlJUV\SVfQEQ}eXSen? de_nZ J]ncga] ggfncgf(l:a] égﬁa] ca ocu% cg]héac]hca] caJc
a] ca] ca] cad td) e cdltc gpsahed] €ddea)aw ca] ca] ca] ca] ca] ca] ca] ca8TU[ Y7! ' 10%&' (
) =110 TN & ) gl %Q%@oig'éxpergtpi%g & 52140 & () "R (to_ the
surface of said part said film hole comprising:

an opening through which said coclant gas enters from

said circuit channel; and

a slot hole through which said coolant gas exits said

part.

2. The microcircuit of claim 1 wherein said part is of a
type selected from group consisting of combustor liners, turbine
vanes, turbine blades, turbine BOAS, vane endwalls, and airfoil

edges.

3. The microcircuit of claim 1 wherein said part is
fabricated from a metal selected from the group consisting of

nickel based alloys and cobalt based alloys.

4, The microcircuit of claim 1, wherein said circuit

channel extends from said inlet in a spiral pattern.

5. The microcircuit of claim 1, wherein said slot film

hole extends over a linear expanse.
6. The microcircuit of claim 5, wherein said linear

expanse 1s between two and ten times the width of said circuit

channel.

11
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expanse is between three and six times the width of said circuit

channel.

8. A method of fabricating a part with improved cooling
flow, comprising the steps of:
fabricating a plurality of microcircuits under a surface of
the part, said microcircuits comprising:
an inlet through which a coolant gas may enter;
a circuit channel extending from said inlet through which
said coolant gas may flow;
a slot film hole extending from said circuit channel to the
surface of said part said film hole comprising:
an opening through which said coolant gas enters from
said circuit channel; and
a slot hole through which said cooclant gas exits said
part; and
providing a coolant gas to flow into said inlet, through
said circuit channel in a coolant gas flow direction, and out of

said slot film hole.

9. The method of claim 8, wherein said fabricating said
plurality of microcircuits comprises the steps of:
fashioning a refractory metal into the form of said
plurality of said microcircuits;
inserting said refractory metal into a mold for casting
said part; and
removing said refractory metal from said part after

casting.

10. The method of claim 8 wherein said part is of a type
selected from group consisting of combustor liners, turbine
vanes, turbine blades, turbine BOAS, vane endwalls, and airfoil

edges.
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