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M CROCI RCUI TS BACKGROUND OF THE I NVENTION (1) Field of the Invention The
present invention relates to a linked mcrocircuit for providing heat

di ssipation and filmprotection in nmoving parts. Mre specificpgl e

pr esent i Vention relates to a linked mcrocircuit constructed ?g¥Fggﬁ1a
geonetry resistant to plugging and providing both ease and superiority of
Pabricati GhTHE)  BUSEEDp: MARUBRCHANLES NN ReUGE Pha M ICRICIREUVES at hi gh
speeds through gas, noving parts such as turbines enploy various techniques
to dissipate internal heat as well as provide a protective cooling film
over the surface of the par BACKYROWBUCKREt E8ANTHUERNTIWb] ves the integration
of cooling quﬂﬂgk§cknkgetnggﬁ{£oghrough whi ch cool gas can fl ow,

absor bi-ng heat—energyr—and~exrfrﬁg-so as to forma protective film Wth
reference to Filhe |lpaeardt| bnvéheiren irelialtlkeyst v ad ellivked oaldrmag ichannetoknown

to the art. Cool.ant .ga 7 is circulated, through the interigor of a part and
it s AT a2 Blgh gt S iR er T 15 DhftoSaer Beeths.  cas
flow 24 i sugptd | Bekcidalcassypathe Spirdaah LAvandibs rélasdd ated henen as

moving from left to ri%ht across part surface 12. Gas flow 24 is usually
gener at ed BECEHe RS G COBFLERBEPArtC fAF™§, 98PPRhTY nt &S ¥ tadity tof ashi on,
through a ]]Q%ggi% tar@PerédiexhtSpd e 10l a3 kparidifegtd Oradhatak $on.
substantially normal to part surface 12. As exit gas 28 exits the hole 22,
it reacts to gas flow 24 and proceeds to nove generally in the direction
correspondipg pOs N6t i 8¢t kAN, Bq Which gas flow 24 is noving. As a result,
exit gas %8—T§"ﬁUf&%ﬁ‘HCTUSST‘TTKFTEHT surface 12 and tends to hug cl osely
thereto form ngfaa & inenudé. oft mpyinherteflord sovadsageoesgh gyaonfioydng t he
placement of ol &5.\2 t%‘%}ﬂ%% 8@1%%&%%51&5}48%699%3 NG sipipkting
film26, consisting of cool "air, r a protectrve

internal heat as well as provide a protective cooling film over

the surface of the part. One such technique involves the
integration of cooling channels into the part through which cool
gas can flow, absorbing heat energy, and exiting so as to form a
protective film.

With reference to Fig. la and 1lb, there is illustrated a
cooling channel known to the art. Coolant gas 27 is circulated
through the interior of a part and exits as exit gas 28 through
a hole 22 permeating the part surface 12. Gas flow 24 is pulled
across part surface 12 and is illustrated herein as moving from
left to right across part surface 12. Gas flow 24 is usually
generated as the result of the part moving, often in a rotary
fashion, through a gas. Exit gas 28 exits the hole 22 in a
direction that 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
78 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



1.2 7 DEC 2005 02-175 coating over the part. One configuration known to the
art is illustrated in Fig. Ic. Aplurality of holes 22 are arranged al ong
an.axis 20 wherein axis 20 extends general ly perpendicular to th?gdﬁﬁe@@i]on
of gas flow 24. Each hole has a width equal to break out height (

- 18 is cohplited as the distance along axis 20 required for a single
repetition of a hole 22. Therefore the |inear coverage afforded by such a
patterncm)aitidmlos@ri sheqpattto Q)reeazlonm’dlgulnetgdm Ktowdi Wodedhebyrpi £6h 18, As
defi ned over |ncrease if th are spaced, cl oser oget her (the
pitch d%lcf atseas " Fafnt i‘f 2 “58&%?%??&%@??, d22t r?erewad'trﬁ”g?dt he hol es
22 is i aceeqsead a(ﬁlh;ezlor eakr@u’a ahalsgbzto tetehdsi fedeasad) pdripengithesef ore
pref erabl e to configure holes 22 in a Egttern in such a way that the

cover agk®i SMeredi TRFEED 8hches af ¥hfddgur FEFBnh PR s f"b‘rdtthhéqg‘laéaﬁ%st

cover agerbyx fédani2h ok 1@ar t psis age 112 co}ngua@h@h 44 Oihd Q1iGAQkicRg aghagnel s
‘formed by S|rr[¥>le hol'es, mcrocircuits, ricated |ntoapart may  be used

to increXse 2§ heeauinect ioéfatﬁb“%lcﬁ)lr&ﬁ’tetgééoﬂooéb%d?%% 2p?art s internal
heat . Mrﬁé?&féﬁé“ér?e qf ifh@hr e@éve{] AGkEUr B g@% Jh'h%*}_ convective
efficiency cooling. Along with convect i vg iciency, high film

ef fecti hehessis$ secr@qluntme@rEQK Qi atmﬁagmed6 covidag ltzormiglh atdi.onAsWth
el e enGReL Rl GeokrddICfict Sasll LUSIAL G018, MLELOCL LG [ o o7 0C! reui Es 5

¢ ClOﬁ
may be Ined "or o rwse nolded wthina part urallty of
m cr oci togeter s{&dre gnigedh t:iecceaees)a oqoamtamtamniagea @dsranmﬁ pitkhe circuit

channel _geonet Y. .qi €, r ef er abl oolln pro rt.i th

r ef erenég tgl%{%.(@iﬁ}%\ﬁ ggl ‘Wujg A% qﬁﬁﬁrgf’? gb‘ﬁ*;?g“%t l%v

m CrocCi neuihsredsedis. usid ﬂseltalmefasermm'ﬁelrraelm CbOCd):ﬁf.ik_l;\ife nefiess 22
general I, to a mcrocircuit which extends over a. distance by oscillating

back and™ 8r PREERAD? t174i Btince¥a¥ nthet s FENVEE 2Bt 1 B el sGoRD
t ransverss @ ofBt @hat Sorg eNealdey lasfpﬂw@éaetrestwcbber@g@r@;}Ifllm 26 of

part surface 12.

In addition to cocling channels formed by simple holes,
microcircuits, fabricated into a part, may be used to increase
the ability of the coolant gas to absorb a part’s internal heat.

Microcircuits offer easy to manufacture, tailorable, high
convective efficiency cooling. Along with high convective
efficiency, high film effectiveness is required for an advanced
cooling configuration. With reference to Fig. 2, there is
illustrated a microcircuit 5. 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. In order to increase coverage, it would be

preferable to decrease the pitch 18 of the arrangement. It
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direction of travel curving first left, then right, in alternating fashion.
In order to increase coverage, it would be preferable to decrease the pitch
18 of the arrangement. It 2 2 7 D E C 2005 02-175 woul d prove nst OFEL 2005
preferable to decrease the pitch to a degree that adjacent serpentine
m croci P2tlts 6 touch. However, were the pitch 18 to be so reduced, there
woul d arise the unfortunate effect whereby cool ant gas from one serpentine
m croci would ;ﬁromea*tHbXe\ﬂiekhb]:@otlcardecg@asbr 0maa13®tbﬁrt<$&l’ pitiricRe

m cr oci Eg ;dt traeve;c[ ga a different veltomtﬁ a different
densi t y“3Rd FEHPE PEEYARS CBOT BT TgAs SnéongPh t| e o Fihd’®TFesul t of
gas strengsphicti Mg Wi &le Baveetitaye) ethaiat heudll axasyi fige | @@l wiRde
geonetry. For examl e, ol ant gas entering at a point A travels from right
to |eft SfRPOLgN® ﬁ&?ﬁaﬁé Afer bEPF & Séfrﬁy‘?“E&Pﬁl RYCTFBUES & the |eft
t hr oughy,pgi 8t mBx befaf & RABkitNYbBIf Béih airPHheraRA rbUhBLAG RIOMIM A itthe ri ght
to point D. Were the pitch' of the serpentine mcrocircuits 6 to be reduced
such t h&t traeglingurhed digdieaend veeeHey wisehaysnasar pehf¢ ¥R i crocircuit 6
woul d ¢ o i nt f dj.acen LQCi rcuit
6. As hggﬁts)ggn %gsgf%mggdgaqgggl antsgagscﬁh:avrgcl |g%§ %g?tﬁﬁgg?%é@,afg gh%ence D,
has travebedtt ff ovrh Srﬁj:re@ntajmglagdwhaclgrle?afteertr@wgﬂadceathami he cool ant gas

passi ngvgg'wj;] Bi oSt ad € ¥ldmet ge properties of the gases passing points B
I e?. t e o]

and D ist needed is a nethod of formng a

m crocircuit Foonplwadle)f @qllamtabesyenfetinurkitng, pointsiperawnpos ed;om
serpenti Jeym %rog ts tqlus pjre(%vgquﬂg amln&%cr{arlcmgo%e age, Wm I e reduci ng
t he mcon&rwty of coo gds opert es present “at & junc 1%ns of the

conponenircs@rpent the 1éﬁtcrtdmm1ggm P8 1 n SUVNINRYS rE@- c'ElﬂEthVEblTisﬂxhlﬂgjtmr di ngly,
't 1s an Ob%%%%185 ngu %i?%.é Q%%g£'€g éé&nt D. Were the pitch of
the serpentine microcircuits 6 to be reduced such that they
touched, point D’ on the uppermost serpentine microcircuit 6
would come in contact with point B of the adjacent serpentine
microcircuit 6. As has been described, coolant gas traveling
past point D, and hence D', has traveled through more turns and
a greater distance than the coclant gas passing point B. As a
result, the properties of the gases passing points B and D’
differ.

What is therefore needed is a methed of forming a
microcircuit composed of a plurality of touching, or
superimposed, serpentine microcircuits thus providing a maximal
coverage while reducing the incongruity of coolant gas
properties present at the junctions of the component serpentine
microcircuits.

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

3



provi de an inproved mcrocircuit design for cooling aircraft parts. In
accordance with the present invention, a linked mcrocircuit for providing

cool ant gas flow through an aircraft part, conprises at |east Qlﬁ bf;ﬂ@bﬁ
t hrough which a coolant gas nmay enter, a circuit channel extending t he
-at | eas@z2-and 3 27 DEC2005 02-175 inlet through which the cool ant gas may

fl ow wherein the circuit channel is formed fromthe superinposition of a

pl ural i 1ylef tmrloughnahiolg ger peratliane ohs Ccuay SE1l@ndviairdieasheonéroutt et
appended to the CI rcuit fhan tg! throu%h whi ch the_cool ant gas y exit the
circuit€ elS FRT4gd0 vt o @pﬁ?gs’e?ﬁ el iRt taYn8thod of

fabri caji eyt iaigr ee@penpaid i ddniltBPr eMeda€onéd Ny ddOWutaerpri ses the steps
of fabricating a plurality of mcrocircuits under a surface of the part,
the mi cfBRETIGH (& (’EB?rpFiLE‘F‘ﬁbt fthannedstheReah itlet ch MU PAMINERIAScool ant gas

ey ent@rydefid Giet cichappetngxteanding fromthe at |east one inlet through
whi ch the coolant gas may flow wherein the circuit channel is fornmed from

t he superi npbsiadcerdsenca phi athe prefseakt epviedt heh set peaftiase ofcircuits, and
at Ieasgagpgc%qgetana E?Egggtté’aﬁ@%ﬁ'hr EHonvgcﬁ'a@&ﬁ Jﬁd;rﬂtlﬂh whi ch the

cool ant gas may exit e circuit chann provi g a coolant gas to
fl ow i ntomphesésn|tdte, stehsogghfatbvelqatrl@m & phanﬁlaityacpﬁ wirogfirchétsl ot film

ggl EF Dl‘ég?:%ef %?%%ELFEE) BE%%?\&( C&)héré“?ggsgég%. on-di ag"EBarm ERg 3coglI |Gng4hol e
known least one inlet through which a coclant gas may enter a circuit

channel extending from the at least one inlet through which the

coolant gas may flow wherein the circuit channel is formed from

the superimposition of a plurality of alternating serpentine

circuits, and at least one outlet appended to the circuit

channel through which the coolant gas may exit the circuit

channel, and providing a coolant gas to flow into the inlet,

through the circuit channel, and out of the slot £ilm hole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1{a) A cross-section diagram of a cooling hole known
in the art.

FIG. 1(b) A perspective illustration of a cooling hole
known in the art.

FIGS. 1l{c) A perspective illustration of a plurality of.
cooling holes known in the art.

FIG. 2{a) A cross-section diagram of a microcircuit for
cooling known in the art.

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.



in the art. A perspective illustration of a cooling hole known in the art.

A perspective illustration of a plurality of, cooling holes known in the
art. A cross-section diagramof a mcrocircuit for cooling known in the
art. A perspective illustration of a mcrocircuit for cooling?RriBfiin the
art. A@essypective illustration of a serpentine mcrocircuit incorporating

a slot filmhole. A diagramof a plurality of serpentine mcrocircuits

known inr¢hes art. 4 2a7dQagr&m2005 QA-ulrdd ikhGotSafr diagt ag of a plurality of
alternating serpentine circuits. FIG 6 A diagramof a |linked mcrocircuit
according to the preS&XPEPhYBAt FHIFTUBEFAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENI (S M crocia ediabgat®ysbe foiwmd rafrbefi ta6t or Yo d®i gy fry ms and
encapsulated in the part nold prior to casting. Several refractory netals

i ncl udi ng nol ybdenum (45) PARGETENERYLH- (Y- have nelting points that are in
excess of typical casting tenperatures of nickel based superalloys. These

refractory, netals can be produced in wought thin sheet or fornms in sizes
necessary to nEKAIGdd iDFGCRIRAAON SO Hatla GIRHERRES EMBORDMENT tind i n tur bi ne

and combust on,co0l 110, A6 g (S0FELILEA ] Yoe SUERL T GLOCILoHLLS, iy, be

fabricated into par I'ncl udrng, not ~ Iimte or 1 iMer s,

t ur bi neeuaapsuldtediire agest mbldbpneoBAAS casanegenddalésal and airfoil
edges. E{agf er abl

ra 9/ S cSh .pe}:rtsd.are fi)r dl;n rt _or irn vvho(lee &L)tnickel _
based aFFEYECTOTY dBHAY® bACEUPAOYRIY AT (FEdc By THEFE e hBB s and foils
possesshemeugal tited ipd int 4 arald ewebendénge snd ff anmirgli BESOting
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 BOAS, 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 Sl

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



conpl ex shapes. The ductility yields a robust design capable of surviving a
waxi ng/ shelling cycle. After casting, the refractory netal can be renoved,
such as through chem cal renoval, thermal |eeching, or oxidation7 ggtimds.

| eavi ng behind a cavity formng the mcrocircuit 5. Wth reference to Fig.
-3, ther®2r§7bllustrated a serpentine mcrocircuit 6 conprising a slot film
hole 30. A slot filmhole 30 forns an opening in the surface of the part

i nt o whicbhnngérpent iAre aniresodtr cuhe dkitsnbalbop¢atedgahiraigts wt @ t he

cool ant y.exit. Preferably,_slot. filmhole 30 is formed of a
generalF%%ﬁfgga?p%ipéﬁgéLﬁifgn ¥n%f%ﬂ(ﬁ? EHESr ?5h o#n %éé%;iqp'cﬁannel 29.
Because dtllbe sulihacelar3n cakaskot afidmmdwlaeal0obs hatget Idhahdrhe cross
sect i onal ﬁrea of cirp%{t channel 29, the spzed at Thich cool ant gas
travel s "WGughPet ot ¥5h M RAMETSD FRPIREDARAY EAHEL ato wHith 9% travel s

t hr ough GircgUikt «Bamgnd)l DEC 2005 02--175 channel 29. As a result, the exiting
coolant gas exits at a reduced speed conducive to avoiding blowoff. In
addition, a WiEBtreferRTHA 3G 16r eat eh A g drigart IHEEARLBUt2Mei ght 16 t han

woul d a Hel@iwehd 8¢ di ?‘iﬁh%ﬁi%@%@xéWéﬁlé‘ti%u%'erb@ﬁbﬁ& of circuit channel
29. Wth reference to Fig. 5, there is illustrated an enbodinment of a

pl ur al i tRigfocalrcei hat § njhsamearting sheteriodin dwiles 80 nchipormating sl ot film

hol es 30 rnat |k ti ne_oLc i j t I nged ng an axis
20 such “Vhar e dre S AYs B B EEUIE Rsho™eh, SIS ATR RN, Do

ser pent i freatmegicbcceotikd s Gmacttiok nhcrheiscw tnié rier bbmdgeedfby tthes cent r al
serpent i ne. M,Grogel Feutl Brc s & o e8UL e WRLE NS, PhlCR,LO;he T educed such

t hat adjacéﬁi serpenglne hicrocir carts®t e touched,” &' i ParF2%t utes woul d be

super i npusedemanloserpanoinemidrociexapl €, P i Bswoul dwbee comdci dent
wi th poi nt ul

L B'.. E?int D d.b ;c%in ident w th point D.. Because of the

pr oper LyPLFEL 56 Fel APORBPRt I G tePHAGT T E RS B BOBhE ¢S
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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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 m>gwmmgﬂm5
gases woul d transpire absent unacceptable incongruities in gas tenperature
.or presspre’5Wth reference to Fig. 6, there is illustrated a preferred
enbodi nent of a linked mcrocircuit 7 of the present invention. Linked

m croci hedttldad srfdigeetetronrédrei serpearipdsichieopaet . ather gasnargser penti ne
m crocir uits erein the gitch of,#he alternating serpentine mcrocircuits
i s redulédtSUEH (HATE CCAdCHA LR PEPY R SRt T TS *Eer BENPPHAIRF PR rcuits touch.
The degkeparkedtiicdrddiecpiiteh may be reduced to cause superinposition of
the alternating serpentine mcrocircuits when creating linked mcrocircuit
7 is vari abl BIRRA dESEIEE TGP RSt hedWeR i Y iddidance @gspipaww- The

char act uirsiti €8 tiid NEEUTLCLAGhREYEt Sf NBYa ey USed i@ sCe¥eh bhecsurdface of a
moving part, such as a turbine or airfoil, with an array of small channels.
These cliamfiefs 2errmelats,| esegctotly hen | gealrogaXingDECV2008M¢nD2x175 heat

| oad anq QEeIRL My J&AUI r QMeRLs af (LAS DAL miH1& JSQUTRL k¥ nQf o) 4 Nked

mcrocircurts rOV|ges'severaI advant ages over separateénnlcrotircuits.

Li nked miepceci etimisareeduyoeetrhe fonckdencecofmplarggirng. The turns in the
circuit channel f status circui.ts formplaces far. dirt to accumul ate,
especial Iy | KL PRLS BTt it POheBnto T g sl AaBE S fERka oo rcui t s
el i m nateecauch thensickel mikeree rcelitsi asd el ooeekr nHeokcozechoag cusad at i on.
Li nked nicroci&gi

%s mof.f r dvagtageg dari fahrication., .. Because the
i nked mMoGFOEPFEUFRE™ AL 40080 2ot RaTEST e b 1% ¥ditdald<t Hem wi | |
al so be ridrmkedgidhssrhdtnkiaFon kkhemgket ang nBre-ddigresitiyctineeesorng he
castlng_Proc SsS grea%lg | ner easi ng t he chances of casting success.

he chanc&s o asting 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 incoerporating 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.



It is apparent that there has been provided in accordance w th the present

i nvention a |linked, manufacturable, non- plugging mcrocircuit and a nethod
of incorporating such mcrocircuits into parts which fully satisfies the
objects, neans, and advantages set forth previously herein. mhbWew%Q@
present invention has been described in the context of specific®'e p%ents
-thereofQ2otHer alternatives, nodifications, and variations will becone
apparent to those skilled in the art having read the foregoing description.
Accordingly, it is intended to enbtasB1t hose alternatives, nodifications,

and vayjati | L.within the broad scope of the appended clains. 7 2
7 a E Cﬁgg%Sﬂggg?gg&®LifwB WHAT IS CLAIMED IS: 1. Alinked mcrocircuit for

provi di bg ceol atHedyas ckboiwrthi outdr A opartingCoBPLESE Ngas afldweasironsge i nl et
t hrough_which a cool.ant gas may enter; a circuit channel extending from
sai d at 2| B&Et: orf@RMPé09t hr ough whi ch said cool ant gas may flow wherein

said circui &t chag¥ielones ihoereghf&am mﬁcﬁuae&bamgﬁttiﬁém Ry entRlryrality of
alternating serpentine circuits; and at |east one outlet appended to said
circuit chanheflI®HrtoGGRMABL cRXSAIP tD I it Sgasd rhylexft @ didietcuit

channel . 2. The nifRLT %HEEhOEaf&a&Bﬂan“Wﬁ%ﬁ! Ra$kdoRhedSiPlsadq tYPE

sel ected from group consi sting of conbusto inefs, turbine vanes, turbine

bl ades, turbine BOASuifagbaandhal$ sfommafl dinofoithe edgesimes iftienriodr oci r cui t
of claim1 wherein j t ks [.Cat f e el ect fromthe
group consi sting o#ﬁ&kgéﬁgp gsaé{gfﬁ%§gmigﬁr%%gg?Febggéﬁé%#ﬁbf%gi4. The
| i nked m croekrtedst gfnecloaitirel abperder sai daald 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 BCAS, 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 linked microcircuit of claim 1 wherein said at

least one ocutlet are slot film holes.

5. 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:
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 superimposition of

a plurality of alternating serpentine circuits; and



| east one outlet are slot filmholes. 5 A nmethod of fabricating a part with
i nproved cooling flow, conprising the steps of: fabricating a plurality of
mcrocircuits under a surface of the part, said mcrocircuits conprising:

at least one inlet through which a coolant gas may enter; a cir2aibt{diBnnel
ext endi%gf'Pom said at |east one inlet through which said coolant gas nay
flow wherein said circuit channel is formed fromthe superinposition of a
plurality oftaltdfhabihPuleigiemPRFEdEc, £ai £31d g @ ig2-chpmnely DEC 2005 at

| east one outl et appegdashih Salit Hdoidnt gRANRS) o1t aughy which;said
coolant gas may exit Said circurt channel; and Pproviding a-coolant gas to

flow into said inshennethrowdyh said circuit channel, and out of said slot
filmhole. groméiﬁgt?‘?g Mo A0 Jo ‘é’ﬂ%ﬁaeﬁﬂté%&é alq{l'heccat 1.0 83hd

plurality of "m Croc reurte o I'ses the steps of7 fashidning a“refractory
met al igdic tthecharmebénsal d ampd urned idfy sefidsaildt nf crrocigleui ts; inserting said
refractory metal into a nold for casting said part; and renoving said
refractory netal fromsaid part after casting. 9

6. The method of claim 5, 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.





