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* M CROCI RCU TS BACKGROUND OF THE | NVENTION (1) Field of the Invention The
present invention relates to a linked mcrocircuit for providing heat
Qissipathﬁhlg d filmprotection in noving parts. Mre specifically, the
present invention relates to a linked mcrocircuit constructed to forma
geonetry ta periority of
fabrrcatrr‘l'ﬁtr)l‘ra;ﬁ’E”(SZ)E ' A CH i vﬁ-g at high
speeds through gas, noving parts such as turbrnes enpl oy various techni ques
to dissipate internal heat as wel | as provide a ﬁrotectrve cooling film

over the surface of the par? C%ﬂﬁﬂ@ﬁkﬁFtEEﬁnFH&% THUbI ves the i ntegration

of cooling charnel sfi Ahe theepasrdn t hrough whi ch cool gas can flow,
absor bi ng heat energy, and exiting so as to forma protective film Wth

reference to FNG PFESEAE 1BYSthEe G4 3tEPUSPr &t &R 5 EablGaRF iERaRAel Oknown
to the arg.o/Gegl @nmeg@sdzzstsd@wmr@t ed1hhpeugh-t he, I 1 efdQhObsacpart and
exits as exit gas 28 through a hole 22 perneating the part surface 12. Gas
flow 29 |bg011m|8|ped=leter:eé§Yparbesmef%afe 12vandips F¢laisty dteed RénseA as

movi ng from | efit 4,91 eanggsﬁeé& RA SULF 8e8nd2ry GBS fd.Qw 29, s usually
generated as the result of the part noving, oftenin a rotary fashron

t hr ough aplgmmlgxramdgezsozgdemtlcottl"hee::hel eng2sppenidi rectdfofalrataigon.
substantially normal to part surface 12. As exit gas 28 exits the hole 22,
it reacts to gas flow 29 and proceeds to nove generally in the direction
correspontd )ndescrtipe idnr eft Rehated vihitch gas flow 24 is noving. As a result,
exit gas 28 i puIIed ross_t he art surface 2 an nds to_hu cIoser
thereto fornt%ﬁ a fil %56 ot S herefgpesgﬁv ntgﬁﬁﬁyéitqf COnprguge t he
pl acenentpaftshaluved 22 thmbmgesaemgmdy suarfiace tacsuc@uéiwﬂotdrsSﬁesubtrng
film 26, consistin cool fornB 2 prot coati ng

f 02-17
bver e ety Bad pfofeali bt tatiier ¢ PRECErE T 599 ats doan PREE o

lc. A pILumdrﬂqtﬂmbeheﬁeshazpafe annahgedhakeagna@uex1ﬁvémbeMumwa n axis 20

ext ends generaIIy per. endi uIar to t e direction of 9. .Each_hol e
s vi QT St oy BHRIS08. FRAYHLS14 5By LER RETT SICEHAR b 168 CRe!

di stance gdoOngrX1®wl0 abegubifg hedt aerﬁsrrggl eahapekitiohn f =& hel €027. a
Therefore the | i near_ coverage afforded by such a pattern of holes is equal
to break RURTEGHt igmdrvrded by pitch 18. As defined, coverage increases
if the hol es ariarspagedesleses togetherand he, pthchedecrﬁme&)ra%d a

mai ntai ni ng a constant pitch, the w dth of the holes 22 is increased (the
break outCehigit QH?WW$1|ﬁBPeésEH)tthaqts t REPEPBF eIPT ef brighle 18 L@bRAI gur e

hol es 22 imrauadatdy NnitkrSBehoa ¥ayathaind eeleeveéaeelt Sgd@mxigntzedughuch a
configuration provides for the greatest coverag ¥ film26 of part _surface
2

12. I'n addi?9ih 4% RE3ISARG "EhaRREPRT T GTUFEG By ! S hbt ¥, 2 4vitsr &EitrEi t s,

fabricat egeiddd phftaistur fBRYE Be H5@did 0 lnGreasedt herebm ldd yncﬁzflntgher@ﬁol ant
gas to absorb a part's internal heat. Mcrocircuits_offer easy

manuf act uF®ft i |76 @Crﬁﬁéhpééhn%%ﬁﬁQRﬁ effi cPefcyledotd ng %@W@ﬁéymrth

hi gh connggld v &f fd<Cit@RCYeslhghof i B egafrecCtnb\renessofeer eqid edcher, an
advanced cooling configuration. Wth reference to Fig. 2, there is

i |1 ustrat&eshiqn cridgioveli & 9asM chokt redfi 28 Bxihy bbenels med 18 2ot her wi se
ol ded “‘&Dféb@ﬁ&ﬁ”@hat is substantially normal to part surface 12. As

exit gas 28 exits the hole 22, it reacts to gas flow 24 and
proceeds to move generally in the direction corresponding to the
direction in which gas flow 24 is moving. As a result, exit gas
28 is pulled across the part surface 12 and tends to hug closely
thereto forming a film 26.

It is therefore advantageous to configure the
placement of holes 22 through a part surface 12 such that the

resulting film 26, consisting of cool air, forms a protective
1
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When a plurality of mcrocircuits is arranged to cover a part's surface,

* changes in the circuit channel geonetry nmay give rise to preferable cooling
properties. Wth reference to Fig. 4, there is illustrated a plurality of
serpenting ni-grocircuits 6. As used herein, "serpentine mcrocircuit”
refers, generally, to a mcrocircuit which extends over a distance by

osci I atifg,daek 30d LoL! D, Shorte A 3bARCES, 1ML 4 WANsY RLSe, IDLLON, wher el n
such transvers€ notion i s generally perpendi cul ar Tt hE Sveraft irection
of travelildurstiragefii istFleftlc.t h@nplughlity ofalidrazaticngreashramged n or der
to increase coverage, | uld be preferable to decrease the pitch 18 of

t he arranagsJ‘JZeCFP(,gr1ta.n Iagl§ ‘1260 195 WS G %)ﬁo?/’ét?ﬁ)st Wéﬁjb’l Bef:BgﬂéJc?‘é]aasre t he
pitch to #o deg eerkthatoAadpAcRIE fSempent i Neadh M MaW S wbdt Bushua Hovgever ,

were the pitch 18 to be so reduced, there would arise the unfortunate
ef f ect vw%eead\/ CGoP&mhENGake f r ohiGie L18et PeRtTRFSH GSodilec A et 8 Ut TP X

with coolants gas rkam-anot bera sarpert kBgef €1OCidCW thfet pavel ing at a
different velocity and having a different density and tenperature. Such
cool ant gH¥IHEERg Pt | e3CaF ecread8saf fobfeqdyy stucdars PRCkERY Whi ch have

travel ed paths ;of vanyi pg hngL b ANe 9600 § Va3 Fide £ igcnhcogl anis gas
entering at a point  Atravels fromright to left through a serpentine

m croci r REIehy cOyevRrag hrouarFaso ifhéhe ehelehragifyFRsciedt cBopef or e

conti nui 1, ght pand; tdg nd doto the,rdght [ the
pitch of nﬁgzét;er pgtrgt ?ngl%ngcrn%%e%&i%gg 8Efo gnréel ucnégfj%s%%h@tkﬁg% %!\ﬁ%%

t ouched, o middh of the uppes mistissénpentfed fiihy doigeduiont6haoghd Tonme in
contact w th paint of e. adj e ' 1.C ircuit 6 been
descri be\c,i\i,é (I}oo ae%tsegz;é t?gvle ﬂn%%%%trépépﬁ?ég@%%&%%%gefq%b?eh%% Srgz\?(‘sél ed

t hr ough nom e tnatierandnasgeckeat eravditdieantbet bave tdee cicolmextimgasdpasSuaiy

point B. As a r.esult, the properties_ of the_gases passing,points and D
Bt fer - Voot e Stararbr B RLahen 18 e bhea ant rorang a o EPbRi TEart
conposed mdrta piufrazlei L .0of touchi ng, or superinposed, serpentine

m crocircuits thus providing a maxi mal _coyerage i.l e reduyci t he

i ncongruity offnc (ﬂdéﬁtloaa‘éop?%%gﬁq g%aBPs&nfg%Tg%]rPey U ieoﬁgl?)?’ t he
conmponentmse@rqemnduiesm cabeic£tid SntSUNMVARY L OfmadHEd NMENTONiAeeoes e ngl y,
it is an gobject, of th esent. i nvention t rovide an inproved

ni cr oci rcﬁ?% a} g fogr %80???1393%' rgé"rsaf?f’ 55?55? E?rPaar(;atcosr dATEE Gt ReThe
present i nventNiotrod rcuikedoAf€r aed S itiot mbatfPc OVt €l NG idealzant, gasghl ow

t hrough an aircraft rt, conprises at |east one inlet through which a
cool ant gAY ViR & TLGI T AL IO Crsnel 18R ekt g FHbRVHEE Foast one 3

02-175 i néetidiuraigh nMgincliilfee EpitaiRtengds MBYréd@Vr et Rnt Baveheedi t
channel is forned fro,mthe,superiir%ﬁsi tion of a plurality of alternating

ser pent i n8°¢H TR ELZHG25E P eadtt Thd SSGEFBES appeited 4/0 W& ScitFeui t
channel throgghradich thereeotanit GRS Microcircuits 5 may be machined

or otherwise molded within a part.

When a plurality of microcircuits is arranged to cover a
part’s surface, changes in the circuit channel geometry may give
rise to preferable cooling properties. With reference to Fig.
4, there is illustrated a plurality of serpentine microcircuits
6. As used herein, “serpentine microcircuit” refers, generally,
to a microcircuit which extends over a distance by oscillating
back and forth short distances in a transverse motion wherein
such transverse motion is generally perpendicular to the overall
direction of travel curving first left, then right, in
alternating fashion. 1In order to increase coverage, it would be

preferable to decrease the pitch 18 of the arrangement. It
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may exit the circuit channel. In accordance with the present invention, a
met hod of fabricating an aircraft ‘partt with i nproved cooling flow conprises
the steps of fabricating a plurality of mcrocircuits under a surface of
the part,jthecmcrocircuits conprising at |east one inlet through which a
cool ant gas may enter a circuit channel extending fromthe at |east one

inlet thr S I rei e.circyit channel is
f ormed fr“g%ﬁ{ahgggggelﬁq?%% %i&(r}lnabg tg&%ﬁa{:a%{\%m €4 tecrtﬂnatl nggs%rpentl ne
circuits, trmtd aaltjalceastsenpermmdeebnla:mpemdedlts) 6 heowditr.cuitbwehanneketdhr ough
whi ch thet %gs e§<|t t(p %I re |e:trecv51anlnda and I‘OVI in a cool ant
gastoflowmtot A1 ET, 5T Hrough t’he C|rcu1f drne Snan%

slot fil mfifalce. wBRIrEEyDEtSﬂRhPcTIgE\sJ GEofHHEneE)W;NGSt:EJeGmﬂ:(ra}cArclﬁDtsse sectl on
di agram of a .cool.i n n the art.FI G (b;%A , , ,

per spect iR ddt ngBnS‘POJaarbtocﬂqsn IRBI BRADURT | TR tOE. B BEOCH Y S

per spect i¢/eidaviestihgt kenef dar fd rhimal ivieY ool egobhdchhalrsknema repehheart . FI G
2(a) A cross-section diagramofa mcrocircuit forcooling knownin the

art.FIG %e(rbﬂ)l/&ypéﬁgipéew%@*w{?stréHCBnSPOéa?ﬁ cFOT i MAHNE o F 881 3 7)) Kifowni n

the art. H&aui3Adpeyapest t¥ghd IMstindt LAREH Rave traveled paths of
serpentinem crocircuitincorporatinga slot filmhole FIG 9A diagramofa

pl ur al i t Y1Yi9er peASF el er eRIT UM sknown in theart. 4 02-175 FIG 5 A

di agram of a ployr akbhy) ef é‘&éﬂd@@a@%%%&??ﬂé'é‘@ Figauvid 8 ELé1 6 A diagram
of a linked mcrocircuit according to the présent invention. DETAI LED

DESCRI PTI:GONTOF tPHE e PREFERREDH EVBEDIOVENTS) Wi eroeirait $ ey cheviny ned of
Lol ract Oy JTELALS. LAETS.ARck ERGARS WoALEds] Pe LA, RALL: R PLL pL. b Cast | nO.

Sever al ractory nmetals inc denum ngst en have
mel ti ng poichtirrhag areuhd excess wightyppcabicash i ngﬂetr@rméueaputels of nickel

based sungfalJoys, THess: £ELLAcLAN eLal 5.CoD.be. Produced. in pought thin

sheet or forns Tn Sizés necessary cool'i ng channhel’s charatteristic
of those faunickd,npbdnbi hé amdtioomppetrorstostrpgnidies: gns.rogpeciuftcal Iy, such

o1 0ci Gyl L UBN DS T aBEECAl ed iR RAT LS knEluci i, byt gt i pged to.

conbustor Tiners, turblne vanes, Bi ne-bfades vane
endwal | s mrnubamnthomIGedges hé&eﬁeﬂha@byprsheh medkanﬂ(gahommedelnn@art or
i n whol e of nlckel sed a

S or balt ba Thin refract ry
metal shedid f0| Is® s%’%és{ eérjldug SdGERY ‘f’y ?br ‘-?/ﬂ Oﬁenal ng” andﬁ)
form ng mtgxmrml el)isshapesthéfﬂi‘letlm.lcdololllahy gaellﬁlasﬂﬁg)tm&mtdem ghs capabl e
of survivin xi ng/ shel cle. After castin e refr pry nmet al
can"be r AEE " Ehen CESPERF bUGHC LR CAFCreRs0alnS (it B dBanPag. o
oxi dat i ondietdrads, | eaving behind a cavity form ng the mcrocircuit 5. Wth
reference to ere_is |IIu ateda e mcrocircuit 6
conprising a é'{h%tt £ %}lﬁSFEOﬁ% iy d(’)tl Sf P Phe ‘g %% ?o?rﬁ'é’ %afi opening in the
surface ohidheipagditi abapwebedhoses gaAnirane tyi 6Fotdlichinig,6 drs fabri cat ed
t hr ough whi ch the cool ant may exit. Preferapl slot filmhole 30 is
for med of SEPGHTROSNy FERBARE PR OSEEHAFAGE AF BIRF Y SHME GrieFBF  cui t
channel 29 v&egausaitike redutase @f@aum‘ons_;quﬁtplbfn &@d@ra,o das | arger than
the cross sectional area of circuit channel t he speed at whi ch cool ant

gas travePEPR$ofgh PERSENFi Fhn Hot @%tll?“lsegg flﬁ%nc?’FPa‘t”ed”tt WRFERDFE7¢ r avel s
through chi&tbdiBuits.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved microcircuit design for cooling aircraft
parts.

In accordance with the present invention, a linked
microcircuit for providing coolant gas flow through an aircraft
part, comprises at least one inlet through which a coolant gas
may enter, a circuit channel extending from the at least one
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02-17S channel 29. As a result, the exiting coolant gas exits at a reduced
speed ‘conduci ve to avoiding blowoff. In addition, a slot filmhole 30
creates a | arger break out height 1& than would a hole with a di aneter
approxin%EgH¥ equal to that of circuit channel 29. Wth reference to Fig.
5, there’is’illustrated an enbodi nent of a plurality of alternating

serpentine crocircuits incorporating slot filmholes, 30. Alternating
serpentiﬁ@l%%cggﬁ??éhn%qug 5&8 88?%%@% Sy g&oﬁxwgeﬁﬁl%L&ﬂ$tqﬁﬁpqé ch
central spepesli Ne M EIRCIITOW thé sSpdoimiIad iy bWoasgIPentinge of
mcrocircuits 6 each of which is a mrror image of the central serpentine
i croci r @dtETBAT MR FSFIRENULNenEr ECthe® piatth ato L5éSFeflgetisteh t hat

adj acent $@tREBYI A& HLIAGIHGHI LRafnd DUARA IS LA cheatysesnwydd be
superi nposed over one another. For_ exanple, point B would be coincident

wi th poi M@YBexiPoth O sf3iltd chberedinci dent with point D . Because of the
property that ygi gilfaQitg cdl 0Rg ShdSUid GRAMELA29, Waul dhend: up as
coi nci dent under such a schemm, the properties of the cool ant gases present
at any orf@bsucht poy mn jainfineg tapeer vidvelnnip ek caghiad) &tent circuit
channel s 23,.00uLd bee NGaLly dedebl gal. i J0e, rasulbling BEXNg: of, gases woul d
transpi re absent unacceptabl e incongruities i n gas tenperature or pressure.
Wt h ref emgeceat suFfage &I tiher paics, i thastiratad rauptef epmedieibpditment of a
i nked meroci paui 1 7 Of LNGRT GRERE I NVEDLIQN.o Il Bedo L gL ogT o LuilL 7 1S
formed from the Superinpositi’on of alternating serpthlne mcrocircuits
wher ei n tdreanpel.chxoéndirey alosr naki ay bex peniriene niletr obirvoghtwhich reduced
such that adjacent alternating serpentine mcrocircuits.touch. The degree
o whi ch SRLERE L R Y b e dDEE8F ot b S S hier ARNER s bt BRIge Fom

al ter nat itng seppebipoe ti@T @i BCplhsaWen €fF editdigakinkedempetoiigcuit 7 1S
vari abl e and depends  upon the desired. cool ant ga flow characteristics.

i nked mOrGeREoui 157 iy 156 Xis GHot 8UEbVer RIS (2cE 61 L WOV ng part
such as aHawmeilnehesugth rfidh tihet Boaha@t r@ys ofayseadik ehansetsuithese
channel s can be tailored for the local 6 02-175 heat | oad and geonetry
requi r emsHESNGE - t AR REFQVIPNG GeGRBERYT 0927 i Tkdd i ¢P58i FRGi 1-1 % ovi des
several adMaRhAgese O¥EFfcisEPIRNGL1N ERQ@CHEE WL hdisnkedrmgresigcuits
reduce the incidence of plugging. The turns in the circuit channels of
status circuits formplaces for dirt to accunulate, especially in the
rotating environnent of rotating blades. Linked circuits elimnate such
turns and, hence, elimnate concern for such accumul ation. Linked

mcrociruits of fer advantagds HF-RAGTEADrPatiforPRA¥ddSdse t he | i nked

m crocircid s 186 |1 nked, ctde Gare; BRAY Mgesth tor & eale ihheAbe! knabso be
i nked. This linking will make a nore rigid structure for the casting
process greatly increasthgtthérthances of casting success. It is apparent

that thergrdias (ggen proyigedddraceos danseratidh tdre Piesenhqi A¥eation a
| i nked, manufacturable, nonplugging mcrocircuit and a nethod of
i ncorporating such m crbee¥edit $henéstparts which fully satisfies the

obj ects, mRaNS, @Hd advantaags S8lkvef 91 NsPFEVI Wl ahglgire-l_i\/\bi&@ the
present invention has been described in the context of specific enbodi nents

t her eof, ot her aIternatFQ@#%ngnhﬁhqscéﬂPUﬁs?na#%ﬁ\ﬁﬁﬁ-ations will become
apparent st i@g%s skill gdopgsd e an nhé\ihggarﬁe d 1 he £HYsgeing ggscription.

Accor di ngly, i's intended to enbrace those alternatives, nodifications,
and variations as fall @Pehing threwyr éadtBeopetof the appended clainms. 7

FIG. 2(b) A perspective illustration of a microcircuit for
cooling known in the art.

FIG. 3 A perspective illustration of a serpentine
microcircuit incorporating a slot film hole.

FIG. 4 A diagram of a plurality of serpentine

microcircuits known in the art.



02-175 CLAIMS WHAT IS CLAIMED IS: 1. Alinked mcrocircuit for providing

cool ant gas flow through a part, conprising: at |east one inlet through

whi ch a cool ant gas may enter; a circuit channel extending fromsaid at

| east on Lﬁlgt t hrough which said cool ant gas may fl ow wherein said

circuit cande@l is formed fromthe superinposition of a plurality of

alternatin% sgrpentine circuits; and at | east one aqutlet appended to said
nn

circuit ¢n |t hr ough® Wit 3 ¥4 GoBlEAELHBYE Hay? &t a$ar8 circuit
channel . 2. The microcigeuhdnofnclAir@uitwherein said part is of a type

sel ected from group consisting of conbustor |iners, turbine vanes, turbine
bl ades, tiffbi fe BOAS, vAndlahdRialdis 2 ahBkad rirbfroeEdges.t 3ccrraing ckdcircuit
of claim1l wherein saidipart-dsfabnveatednfroma nmetal selected fromthe
group consi sting of

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Microcircuits may be formed of refractory metals forms and
encapsulated in the part mold prior to casting. Several
refractory metals including molybdenum (Mo} and Tungsten (W)
have melting points that are in excess of typical casting
temperatures of nickel based superalloys. These refractory
metals can be produced in wrought thin sheet or forms in sizes
necessary to make cooling channels characteristic of those found
in turbine and combustor cooling designs. Specifically, such
microcircuits may be fabricated into parts including, but not
limited to, combustor liners, turbine vanes, turbine blades,
turbine BCAS, vane endwalls, and airfoil edges. Preferably,
such parts are formed in part or in whole of nickel based alloys
or cobalt based alloys. Thin refractory metal sheets and foils
possess 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 5.

With reference to Fig. 3, there is illustrated a serpentine
microcircuit 6 comprising a slot film hole 30. A slot film hole
30 forms an opening in the surface of the part into which
serpentine microcircuit 6 is fabricated through which the
coolant gas may exit. Preferably, slot film hole 30 is formed
of a generally linear expanse extending along a portion of
circuit channel 29. Because the surface area of slot film hole
30 is larger than the cross sectional area of circuit channel
29, the speed at which coolant gas travels through slot film
hole 30 is less than that at which it travels through circuit

5



ni ckel based all oys and cobalt based alloys. 4. The linked mcrocircuit of
claim1l wherein said at |east one outlet are slot filmholes. 5. A nethod
of fabricating a part with inproved cooling flow, conprising the steps of:
fabricatigyggasplurality of mcrocircuits under a surface of the part, said
mcrocircuits conprising: at |east one inlet through which a cool ant gas

Ay ent efcn e oyi t_ghannel.,ext ending, fy o a0 Ak Leas, ane Jalet through

whi ch sai d coolant gas may f erein sald circuit anne formed from
the supeﬂﬁn@@@dtspﬁe@fcqnquqnwﬂ mpyamélddnqnhﬁmw—ngfserpenaddmxonAnﬂ ts; and

02- 17, as ne, utl et appended tq said ClLT EUi ch | _through
mhlch sai’ coo gntggg &(ngkttssng c?rc%Ffaéhanneﬁ l%ﬂ% £e'"than

would a hole with a diameter approximately equal to that of
circuit channel 29.

With reference to Fig. 5, there is illustrated an
empodiment of a plurality of alternating serpentine
microcircuits 6 incorporating slot film holes 30. Alternating
serpentine microcircuits 6 are arranged along an axis 20 such
that each central serpentine microcircuit 6 is bordered by two
serpentine microcircuits 6 each of which is a mirror image of
the central serpentine microcircuit 6. As a result, were the
pitch to be reduced such that adjacent serpentine microcircuits
6 touched, similar features would be superimposed over one
another. For example, point B would be coincident with point
B’. Point D would be coincident with point D’. Because of the
property that similar points along circuit channel 29 would end
up as coincident under such a schema, the properties of the
coolant gases present at any one such point joining after
traveling through adjacent circuit channels 29 would be nearly
identical. The resulting mixing of gases would transpire absent
unacceptable incongruities in gas temperature or pressure.

With reference to Fig. 6, there is illustrated a preferred
embodiment of a linked microcircuit 7 of the present invention.
Linked microcircuit 7 is formed from the superimposition of
alternating serpentine microcircuits wherein the pitch of the
alternating serpentine microcircuits is reduced such that
adjacent alternating serpentine microcircuits touch. The degree
to which the pitch may be reduced to cause superimposition of
the alternating serpentine microcircuits when creating linked
microcircuit 7 is variable and depends upon the desired coolant
gas flow characteristics.

Linked microcircuits may be used to cover the surface of a
moving part, such as a turbine or airfoil, with an array of

small channels. These channels can be tailored for the local
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providing a coolant gas to flowinto said inlet, through said circuit
channel, and out of said slot filmhole. 6. The nethod of claim5, wherein
said fabricating said plurality of mcrocircuits conprises the steps of:
fashi oni ng g #efractory netal into the formof said plurality of said
mcrocircuits; inserting said refractory metal into a nold for casting said

part; an g i t - r t er g. 9
oo s B SRARL T SS A be L o ! ahheseti

{qu gb] X]«fa]ldalked)] ma]:ca]:i:ac]tmiat]s:aa]nmaz]ida]sca]ma]@h]m]ara']m]sca;]vea] ca] ca] ca] ca]

cTa] ca] cg] c 55!] 15‘ %c ‘1§ alcalcal Il "<"""[# ###$$' ' (00

011=3>3l quPx §%§ géc o " Z] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca

]9;\8/.\]{ ca] ca] cal Qa]ncka]:lca]eawa]@a]tc:sa]mahea] catcahecajeo]calfc @ity n&S- 8aB889( 9

<. = 3Nl nzEPeabarils Rl o8] S5FEY ¢ T} ) A TaPLares) €8] ca ca
] ca] ca] caj 5a] aal cakeahcal €3] salaalaalcahcara N ot & LOMR ddr8hkAWE () - - & G' 10
e ()-te fggég?%g(kiaégz@f(ﬂl@%égﬂglrchwisoellmlnate such turns and,

hence, eliminate concern for such accumuiation.

Linked microciruits offer advantages during fabrication.

Because the linked microcircuits are linked, the core body used

to create them will also be linked. This linking will make a

more rigid structure for the casting process greatly increasing

the chances of casting success.

It is apparent that there has been provided in accordance

with the present invention a linked, manufacturable, non-

plugging microcircuit 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

variations as fall within the broad scope of the appended

claims.
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CLAIMS
WHAT IS CLAIMED IS:
1. A linked microcircuit for providing coolant gas flow through
a part, comprising:
at least one inlet through which a coolant gas may enter;
a circuit channel extending from said at least one inlet
through which said coolant gas may flow wherein said
circuit channel is formed from the superimpcsition of
a plurality of alternating serpentine circuits; and
at least one outlet appended to said circuit channel
through which said coolant gas may exit said circuit

channel.

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 cocbalt based alloys.

4. The linked microcircuit of claim 1 wherein said at

least one outlet are slot film holes.

5. A method of fabricating a part with improved cocling
flow, comprising the steps of:
fabricating a plurality of microcircuits under a surface of
the part, said microcircuits comprising:
at least one inlet through which a cocolant gas may enter;
a circuit channel extending from said at least one inlet
through which said coolant gas may flow wherein said
circuit channel is formed from the superimposition of

a plurality of alternating serpentine circuits; and
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