21°N,O V 2006 TITLE: | MPROVED FI LM COOLI NG FOR M CRCCI RCUI TS BACKGROUND OF
THE INVENTION (1) Field of the Invention The present invention rel at?qSNGVOZO(?B
"microcircuit cooling passage fabricated in a part and termnating ifi a slo
filmhole providing increased filmcoverage created by the rapid expansion
and expup 5jf. of 1o €O AN GRS AMged e st @bcfhbpfigl e and across the
surface of the part. NMre specrtTtcatty, this Ttnventton relates to a net hod
of Incorporating mcrocircuits conprising slot filmholes into parts

requiring cooling so as f ective fi f | air across the
surface of the part as me%%%ﬂ@%@atﬁﬁf hﬁ%%?/i@?l ve transfer of heat
from wth nrideq ps tend 2nfaserdption of Related Art Filmcooling of-

ai rfoil s depends on the gas-path nonentum of a gas traveling across the
surface of tHEaipfeidnt olnvaryiawt revates Heo f& |miarpchpaeht ugpahingor ce t he
filmair_over th surface of the airfoil. If.the nmonentumof the.filmair
is too allsgsl"ua}g? h]gakfri CrﬁtaPTC;a W 13 pp%%etar%# etermjon?%%n%ajsn p%t ﬁf%FrPéHB }ﬁgl’e
adhere tprdhedisyy fateceddis plena®rads coddesd bbowRéf rapdd éspansion
detrimental to filmcooling. Filmholes and slots through which filmair may
exit ar @ndivRetE eRlureConaHe T fidifowdh fake. spotoli br holesard often

defi ned déﬁ: Isq{f_t ét'gaf fl ir Lop: . This of hol es
ejects a |Im cooéfji ngr t‘flce area o%%’t? egynélg% %%%Pﬁ%?%ls.mBeﬁ'%vsen holes in a
row, theirevérstinm fiid mtfegomd hatmetttovd Jthi @ Eeo depengsmbardbercontdsict i on
within the netal to_cool, the surface and therefore the nmetal sees sonething

sl i ght | yCOMRIGHEMY HRHPt Hel By e ofnthe 37 | n T 2Mper 2R Ar EORRUNE hE© gas
terper alyt g, Boldaiaasido e of 260! dfe £33 ofntheuttlar belege the

coverage O ol es can be I ncreased. This can be
part as well as facilitate the convective transfer of heat from

within the part.

(2) Description of Related Art

Filmkcooling of airfoils depends on the gas-path momentum
of a gas traveling across the surface of the airfoil to interact
with the film air momentum and force the film air over the
surface of the airfoil. If the momentum of the film air is too
high, the film air will penetrate into the gas path air and not
adhere to the surface. This phenomenon is called blow-off and
is detrimental to.film cooling. ‘

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



done by using nore holes, and nore cooling flow, or by diffusion 1 2 NOV
2006 the air exiting the hole so that the same amount of flow PelfQVrZgbnore

"area, 'and that area can be extended perpendicular to the gas path flow

direction, increasing the coverage of the filmrow This will increase the

per cent ageeobithexattihgi theshpliaceoconetednbyshinkmiméaateasi Agolyhe average
film tenperature, and reducing the ampunt of surface relying on conduction
for cool FRGUIPEENTPEReRERRe RBAFFRATt] AT8ANCAD, PEherbendep] pasprateguaar

cooling ebapRel gkBopRChOeihE aitecLoohant  0as ézngstﬁgfggbékgge Lbropgh the
interior of a part and exits as exit gas 28 through  a hol & per meati ng
t he part fsumface. 12ThGaswilbdbwifdressputhedpeacenssgpant shefadcefd2land is

illustrated_herein as ving.from, left to right across part surface 12. Gas
low o4 Pe aase: Foveialorur Bithe retresine bho: ARSEasE Baving. ofsen in o

rotary {@ﬁﬁéeatukeroaga aea@éingxtﬁegéﬁoaﬁteékt§ukh§c80k@1§§n5noa
direction that is substantially normal to part surface 12. exit gas 28
exits theohdhet2on feorreaetsngo gas flow 24 and proceeds to nove generally

in the direction, corcrespondi o th direction in which,gas flow.24 is
novi ng. As a Wégﬁlf?% §$?c%a€g gégis?%uﬁpngQCrgggr?héspé}?ugﬁf?ggg 32 and
tends tocbuyiehosebynel heretR tOrthadaatli| obdbanttghs theiefeieculated
advant ageous to configure the placenment of holes 22 through a part surface
12 such EhaPUghetheedDrerhgr fPfn? 2BarEoAsAsErhgSofScBBltapps #8r hBraugh

protectiye abthn t e Lguratio n tg,tk rql
iIIustra%ggogﬁ %ggegﬁséiﬁggugg%i?@ggfSﬁgpéggzgééreaggrg%ggd94apgn§u%%égxis
20, wher eaorags sp20t extiefidse geheaadl| ys pel peatdretbdrheteihhesdnoethyofroq gas
fl-ow 24. Eggh hol e has a wi dth equal %o br eak out hf%%h% 16. Pitch 18 is

S

conput ed- 85t he BFSRAnRerAFBngar axPYr 58CFed i r ed3F of Agté Pepeti¥ion of

a hole 22enerated 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.v 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

o

resulting film 26, consisting of cool air, forms a protective
coating over the part. One configuration known to the art is
illustrated in Fig. lc. A plurality of holes 22 are arranged
along an axis 20 wherein 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 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
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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
_bf the.holes are spaced closer together (the pitch decreases){qr NQV Y, $%
mai ntai ning a constant pitch, the width of the holes 22 is increased ? e
break out height 16 2 12NOV2906 is increased). It is therefore preferable to
conf i guries hiolese22d)i.n dtpatd ertreidf quc b e feyalb hatt s heosovghagenbSes 22

maxi m zed. Suc a configuration provides for the greatest coverage by film
26 of pdtt® sFiﬁ'hcftaec]"er1 12 %}ﬁkbrat M‘Fé{)éﬁ?t aé"%e‘?ﬂ‘f%?%%e 1% TRXEBHAEDA- | nSEER art
for exita gash A8 @dl fialw i b2 Hd eptd A HOT i e £ 9 0a5Y rsunfage,12.
If the velocity of exit gas 28 is too great, exit gas 2% tends to extend

for a diftEndIEsRee Idart surface 12 before reacting with gas flow 24. In
such an instance, dr{foirsc anSeible that .gas flow 28 will fail,to forma film

26 hugging the part Surtace 2. s Tt i s phehon@lbn i §°r Efer? Bl to

as "bl ovtcof féki tBlgaw offf vewHittS Hol e Aoaiiliire ofr &4 fogaso 28t oo ehipetively
forma protecting cooling film26. It is, in theory, possible to construct
hol es 2ZUAifareapert urlds tmatveliorditeasd iaxidi o 618 abs they abprbacexpart

surface SQUGh, iNGL8ase, i ert ul rve t.0 reduce t vel ocity
of the g<]aa>?<si t ggts n%{S% z;:r?gcélr ncr giasfg)rﬁ%e C#I(L)%tr%jtvé?eona%oc?\% iﬁ’anﬁ%EGS.u ?/\%%e{r],f t he
degr ee the fiwhiec hr ctatve: iayge mivrhe gamy fewi eer.eased disclc st s et dy it hes physi cs

of fluid dynamics to a relatively small_value. Slowing the velocity of exit
gas 28 W%é%&l?agihﬁ% e rfgtoé’ "Eidw T it 313 gt ais? ¢ s pRe
through e Rakt sweirelde 19ecr eases e amunt, of, Goal 988 af/éaféﬁpéﬁe{% cui t

spread over ‘part surface 12. It is common practice to configure t
vggannel g5 Nidwghr odldi’'ch Edolvi-g fgae sivd tpunped s itlhate tde dxow gds ZHotd ng

gds re rrfgfq_s e c%ti v%a@e%o%rz}ld 2 lpCJ):Vc\S{t% c%iifnfgu Sc%sé ltirr]{go L%rintl rbeG . It is, in
theory, possible to construct holes 22 with apertures that
increase in diameter as they approach part surface 12. Such an
increase in aperture would serve to reduce the velocity of the
exit gas 28 and increase the formation of film 26. However, 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’’’ is not
significantly wider than the hole through which the gas exits.
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channel s and over the part's surface. A conventional row of holes 22
arranged along an axis 20 typically results in coverages averaging 50 Wth
_reference to Fig. 6a, there is illustrated a graphic depictiongNU&hgww
tenperature gradient arising in a filmresulting fromthe exit o] ngas
t hrough a hole. Regions 61'-61'""'" represent regions of increasing

t enper atTherpf@sent the ehivémt f onakdconf agymest 103 Us f acel andcexdensi ag anway
froma h§£f iqfthe firectio of gas flow 24. Note that the width of the
regi ons 61 63 1 €901 ot WLER i FYERRIS W REPEPrai e Rl iioP @5 t hr ough whi ch
the gas exits. 3 1PN/ 2006 rJREr&f0EEs 4 N SPMWENt {00k SONS T gir ation of
holes creates a filmof cool air with a coverage of approximately 50%
There t keefne eharrslsy rdepdoh whichiesdagmate zoodohgnghgamel sapatire@ugh
whi ch V, cool.i.n as, capable _of absorbing the heat generated in a
novi ngrrg%fr {E,Josg%%]l%(g tahegtkger%tii e T ot dBLV Y B exi TUSRIBRIdy of the
gas | ow teroirgh, twhidsyeotives of sRtdoreoft proteetit yeofitwa afagordyy air  over
the surface of the part. There is further needed a configuration of the
exit poiFRUET SuEH o ity charmelon el Pintrstdese of thverageogl enter t han
the SCYARYEHAHe A RYLE DY nEQPUEN! | oAl I1BANS:  SHMBRY, CF JHE | NVENTI O
Accordingly, 1t is an object of tThe breseﬁi iHvention to provi de an

i mpr ovedcaol gungs f i drin i erhd hex sturgaice: Ofo @ padh dyol Bidpesiti Mg 18 et rcui ts
under the surface of the part. It is a further object of the present

i nvent i GIF Vo PrOVE deP Ve 3FR HOE AT dBiAR Utk md e rge el e dted

i ncor pordisht e Myt ped recuits of the present invention. In accordance
with the present invention, an enbedded mcrocircuit for producing an
i@proved cooling filmover a

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved cooling film over the surface of a part by
embeddingrmicrocircuits under the surface of the part.

.It is a further object of the present invention to provide
a method whereby turbine parts may be fabricated incorporating
the microcircuits of the present invention.

In accordance with the present invention, an embedded
microcircuit for 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 film hole
extending from the circuit channel to the surface of the part
the film hole comprising, an opening through which the coolént
gas enters from the circuit channel, and a slot hole through
which the coolant gas exits the part. 7

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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surface of a part, conprises an inlet through which a coolant gas may
enter; a circuit channel extending fromthe inlet through which the cool ant
"gas may flow, and a slot filmhole extending fromthe circuit fchadHhel206
the surface of the part the filmhole conprising, an opening through which
the coolaouggasvanrirershd Bt GaCuldy dannel pand arsd girdiel & fdrpugh
whi ch the coolant gas exits the part. |In accordance with the presen

i nvent i GPCl@nfetdied tof floabdindst ithg dng&tt, wihtbeudtpridved oot thehidovel,
conpri ses 4 her eRsOfs fabrdicatipg a plurality of microcircuits under a
surface of the part, the mcrocCircuits conprising an inlet through which a
cool ant gas may enter, a circuit channel extending fromthe inlet through
whi ch the coolant gas may flow,_ a slot filmhole fornmed at a term nus of

the circuit channel 4 1 06ESCEAFGIGR Wi I Et ARAYYIGht gas may exit a
part, anddraviding a ceQlant 2as i@ iyt o he diety g t

circuit channel, and out of tﬁe sllot fill \r% ﬁol e. BRIdIgI%J DE&R%HP%]%%@?THE
DRAW NGS FIG 1(a) A chHosshseetriton di agram of a cooling hole known in the
art. FI 1(Rh),,. A perspective illustrati.on of a cooling hole kno in the
art. Fl .G'lgc()b)A per s peBEFE TS rariGH = tlé’nplotfrfl i9]P o9 W% ng hol es
known in the art. FIG xAcah AnChdsSasection diagramof a mcrocircuit for
cooling. FIG 2(b) A perspective illustration of a mcrocircuit for

cool i ngFIESG 13CA per spedeing@siatiiyst datdiust reft igmplafr & ity wflity exfocircuits

used for cooling. cooling holes known in the art.

{w} FIG. 2(a) A cross-section diagram of a microcircuit for
cooling.
FIG. 2(b) A perspective illustration of a microcircuit for
cooling. |
FIG. 3 : A perspective illustration of a plurality of

microcircuits used for cooling.

FIG. 4 A perspective illustration of a preferred
embodiment of a microcircuit of the present
invention.

FIG. 5 A perspective illustration of a plurality of
microcircuits of the present invention.

. FIG. 6(a) An illustration of the temperature gradient of a
film produced by a hole known in the art.

FIG. 6(b) An illustration of the temperature gradient of a
film produced by a slot film hole of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
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. 1In a preferred embodiment,
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FIG 4 A perspective illustration of a preferred enbodinent of a
mcrocircuit of the present invention. FIG 5 A perspective il] Mﬁt bm of
a plurality of mcrocircuits of the present invention. FIG 6(&;25
illustration of the tenperature gradient of a film produced by a. hole
known i ieheniairtoc i@ & t&ré%dﬂrﬁétsta@tf@f}acétéﬂﬁ hENPEE af MEfs AL agli ent of a
filmproduced by a slot filmhole of the present ~invention. DETAILED

DESCRI Pﬁr@ap@nlﬁ%cm&mmm@\mwmw&r v craoxt ¥rewi t sSefdémexl easy to

e S L P R B S ORI L AT

advancethaveoeld NG rePfd igidAtirt Wd hid ef:efeiret oy Beal, cddergyi s
illustrated a mcrocircuit 5. Mcrocircuits 5 may be nachined or otherw se

mol ded WIS 2 Y .00 micksrlefrasedt Syt Weits - 5 Thes N 200E O X he
yit f f, f inth
m croci n‘% a1 U 'S Oef’sﬁfrfo rr?‘%{rocw%ﬁ @:{fh Y IE and. Fé‘.ﬁﬁ‘z&’s%%e y%” €

part nold prior to ca vera ory netals including no denum

(Me) andhebwrmgsign t(d/\)mak’(ta\/cﬁadﬂﬂlrig‘ NthyOidits dhata@reri st excesstiodsd ypowad
casting terrperatures of nickel based superall oys. These refractory netals

can be ﬁf%&&d‘éﬁ AOFFROUHIGF IR FoTiES n TR L Herkk¥arsieh nmake
coolin N t f Gonhust
cool i ng esi gnsr%%g?(’:?ﬁ ceﬁﬁs fa%srf}c gdﬁ%s?r%%]?%ﬁ%és] na P{)&ﬁ%brl cated i ﬁ[o

parts i ndmidieny tobutcamius‘darm]nerdaﬁm, tooriirst arariesn,ermrbmé)lhnbadm,es

turbi ne bl ades; _ turbine BOAS, vane endwalls, and airfoil_edges. Preferably,
such partSBarE Fied TN &L T SN LIIIDas e P ﬂb'r cobal t

based aldRys pattid 1&f racty et rsheets, atbfOIdS 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.

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. 2b,
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 embodimeht a single hole 22 extends from circuit

channel 29 through which exit gas 28 may exit. The relatively
6



possess enough ductility to allow bending and form ng into conplex shapes.
The ductility yields a robust design capable of surviving a waxing/shelling

‘cycle: After casting, the refractory metal can be renoved, such gq\mvrgngggh

chem cal renoval, thermal |eeching, or oxidation nethods, |eaving behind a

cavity f@iingthe dF HRCIHOW { Bt HFig.r28 SN0 &Mn%@tﬁcf%ﬂ@%f&tk?r@f such
mcrocircuit 5. Cool ant gas 27 enters t hrough "an inl et o the

m croci ridig tClBTCHlGr cteads lt h'lrgbuqrﬁ ¢igaslitto ¢hvninall Xhermnaxit sof hgough a

hol e 22 ga ha ocat ed beneath art urface
12 at a dlraa“f ance apgnr gc%orr:a Sy eqStCJaI ']{1 ateﬁdgltdloann‘et:t 1S FE TR Hanidt 29

and hol ex@z 24 tforeferencelimedtipn 2n wiiker esdis iddusty aéﬁica peYSpeet i ve
view of microcircuit, 5. In a preferred enbodi nent, circuit channel 29

assunmes & ﬁ%&&ﬁ%ﬂmﬁe@brwma&attt%rﬂrrwqrequq Ustrated with reference to
a spiral patfeH,.rdMs A& A oy S Q:fhetl%e R esef Q}ﬁefh‘@éﬁ 'ajgbﬁjfa 0€a¥1y and

limted. Rather the present invention is drawn Wi y to onpass
al | pat teefr nsidmoashiahi te G rauifigheetheln 20 may alend arned Zuch Ndad @hat
sui t abl e .anpbunt of heat transfer is acconplished fromthe part to the

cool ant 'gHs. SR Hife SO MEAD FG50GHE Woite 22 XA URIS FT T ¥ 'Hedf §

channel & Rieugh WhCh X dciaRn128 oMy & ta rl& el Al 8l dea i éu@ Nov
2006 small size of the hole, with a radius approximating the width of the

circuit h:ertegtrtellﬁgs ire lagddretly cowtlrloWheme cmlmnecbftcgwtrdtov&&n thech a
mcrocrrcgesl tion, -the orrentatron of hole 22for s the

direction y(ﬂ% q{y d:aesg% e>31nt § o€ 28 t rt?@]%rpoer %ﬁ S/enor mal to

rt surr;rlm 12f \Wggrosehereaince 110a .Fi gudh tthetdrdsadd lwstuatetna Pl eHal ity
QL mcrocircuits 5 configured in a row aloeaiI axis 20. Note that the expanse
across gt Afdrsdiimanass ik rEasicdédalsl yasadervely 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



than the radius of each hole 22. As a result, the break out height 16 is

relatively small when conpared to pitch 18. Such a design tygiga ults
“i.n_a coverage (Break out height / Pitch) of approximately 10&32@9%2@%3

coverage value limts the filmeffectiveness by providing a relatively

smal | cevenagelWitd rafelenee & edrifdqiddiene i i1d yddated a prafel,ed
enbodi nent of a mcrocircuit 5 of the present invention. Mcrocircuit 5is
formed COVSEagicede of JreEtin rmhasl €031 at the terminus of circuit channel 29

t hrough whi ch,.exit 28 _may xit the mcrocircuit 5 As illustrated, slot
film hol e 31%13% grle%%§fegrceg%§er¥§rgal I6§/b’l itnrﬂeearre expar sleus’cstor treiésianggrsa}pg}lchol e
30. Widepis@iidn wst raleed eniphe fpreseniradivent 20 disgriaws bfioadl y to
enconpass any slot hole 30 of a length greater than its width, the w dth of

the cir é’t?isﬂlléﬁélﬁnélr%,th@e@é?i&l &fs P 98 SsHdpeuUBecausOtei Fidkt thadfarel 29

has 2 SHREl gcakass sseatlanal - deAdhandoss shot haladf Asard gs. 28

flows fromcircuit “channel 29 throu sl'ot hole
di f f usi ngcrexisti ngas e2® ealadiug es Ipate seolte 130 amfiidm ebdemds qrergpereditcul ar to
t he gas fl%\%y 24 direction, the coverage of the coaling film

26 |
i ncr eas 84 TTiCs AL PGS e G iy é @Pjtenelrbitrqeoiqlres‘iﬁjf%é;ficgﬁe? ed by

film degrgasisng e caVe-208 Hd Wigtemeralding q @ik reducdng 4 heg anount  of
surface relying on conduction for cooling. Wtqh reference to Fig. 5, there
i's illustighédyvawsldgraltiey tdfe milortodioleuidls thworgh gurieth itthea ga@v al ong

o1, 20, B% Al AR 108 AN L0, U LA0gt il e SRS SO o0
tg obt aian f1q@V &fage®10fa igr eater a kv 0% W hyreferenaad ,d 9. bixh there
i.s illustrated a graphic depiction of the tenperature gradient arising in a
film 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 1is

. 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 turbineiairfoils. 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.



resul.ting fromthe exit of cool gas through a slot filmhole of the present
invention. Regions 61'-61'" ' represent regions of increasing tfgpﬁogtgmg
~present in a filmforned on a part surface and extendi ng away f

in the direction of gas flow 24. Note that the width of the regions

611-61111 |sznsbm@@&Ixowb@@htb&@&ttm%esb@hr@%%% 30 tenQuely paitGh, drfag, gas
exits. Therefore, a configuration of slot filmholes 31 creates a film of

cool ai Wikt Kigtesger sgenoptaeeat of than f60% heileh ac owuineet frlefeherde t o
o dnna] SB5TERARRPREERY LRAL.3R LAy €4 30L 9210 ORGRMS Ll QU 1P T oul !

channel riror to exiti as éexit £er's St 19 Bthol e
30. As thleotcohlllmghek:ﬁe&@ i STlhaltgers i mh@r eaotlh@@ Bhie awenNayerRsisesyect i on
of circuyit channel 29, exit gas 28 exits slot filmhole 30 at a |esser

speed t han CREAFELRARP htth thadPehs lenr gogh dugi touilnteramdel 29. As a
resul t, 8hivkc3a3n28nehti L§ %é'EgngraggﬁgakoF%aE@eFB%% ds%%faQQ.ngoes so at a

reduced velocity so as to0 avoid unwant ed bl ow of he result using a
m croci copilttng5hwileh aThhstcbuhneheﬁéoﬁoefﬁeoﬂgbvwhscbu&xtheg&ﬁnﬂﬁuﬁgoceeds

is the f ion of protective filmof cool air hugging a part's surface
and pr o{}ﬁegﬁgatcﬁmfﬁ&@?:ﬁﬁ@ ‘of Ph§u§br F‘aEanfﬁgE%éE%@nof 260%! s HdtesE EBove,

convect panigngehik-amare ihwa efif-eetsousedot gegeeels bﬂ&bb&eaqlﬁH%éﬁ%
Convection is cool air on the inside of the airfoil which extracts heat

fromth&ikbr &ir PEPPSWAE tOheéhEnélphed@@;@bfcngnaprf tTiee coedéfiat gefs flow

h Il I I
ci octi nECORE tRobt LhEr SAPPBSH: SRaL obPGl FRECPALeMTGF Mo o K ST o1 1 onto

LSe sur@aeee&ebugdugestmeogaalkb@uﬁbanperQEUﬁa.aCaqgetthhlh%tIrésﬁ ected
fromthe filmholes, it begins to mx with the gas flow This mxing

reducesthhe ftibth gbfeeesvenessf ahtgemshhgwithethel mibenpeératuien olfl tde
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 conventional practice of allowing steady and
slow diffusion of a cooling gas as it flows through a part, the
present invention achieves advantageous film cooling

1 characteristics including wide coverage, lower gas temperatures,

f and reduced blow-off.

It is apparent that there has been provided in accordance
with the preéent 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 1is

intended to embrace those alternatives, modifications, and



12-NOV 2000.. In order to counteract the decrease in filmeffectiveness

W th di stance down-streamof the filmhole, a counter-flom1hq€b vchanger
*could be used with the internal convective cooling of the co iM@ stlifene.
That is, the cooling air could be coldest far down-stream of the film hole,
and due via@ ilattieiialacamactiiahimadie Wras idcdgavst sc{Oragsshdayard the
film cooling hole. This counter-flow effect evens-out the surface netal

t enper atd@dms|-n such a configuration, gas flow direction 24 is generally in
a direction 180 degrees out of alignment wth, or opposite to, the flow
direction of the cooling gas flow prior to being expelled froma 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 alignnment differs not nore than 175
degrees. As has been explained, the filmcooling nmechanismof the .present

i nvention causes a cooling filmto be exposed to a region of sudden
expansion prior to exiting a part thus causing rapid expansion of the
cooling gas formng the film By departing fromthe conventional practice
of allowing steady and slow diffusion of a cooling gas as it flows through
a part, the present invention achieves advantageous fil m cooling
characteristics including wi de coverage, |ower gas tenperatures, and
reduced blowoff. It is apparent that there has been provided in accordance
with the present invention a mcrocircuit for inproving film cooling of a
part and a nethod of incorporating such mcrocircuits into parts which
fully satisfies the objects, neans, and advantages set forth previously
thgrein. Wiile the present invention has been described in the context of
specific enbodi ments thereof, other alternatives, nodifications, and

10



variations will becone apparent to those skilled in the art having read the
foregoing description. Accordingly, it is intended to enbrace those
alternatives, nodifications, and 9 12 NOV 2005 vari ations ai_z‘glol\ XM\%I n
the broad scope of the appended clains. 10 1 2 NOV 2006 éL DIS
1. An enbedded m crocircuit for producing an inproved cooling filmover a
surfacewafhTarpacLAIERPDPI$Si ng: an inlet through which a cool ant gas may
enter; a circuit channel extending fromsaid inlet through which said

cool ant gas maynf ! oMbe IS &t SR 1 GiC Yot phanaek ngXLendiprbbom said inl et
in a spiral pattern; and a slot filmhole extending fromsaid circuit
channel cpeltihg fslmfoverof saithqraraf saipdrtti, | pohpkéstogpri si ng: an opening

t hrough whi ch saiﬁ cooéant ﬁas enters from said circuit channel; and a slot
hol e t hr ough ®Rhi-BheEal ot 209 a%?”§b§ié%Fﬁ§“§aﬁés P&yt SP5€Tihe microcircuit of

claim 1l whergig;isa|dcPahinhs1 OfxGend MRE Seheched fihoa JEAVPLERNSH LA Ng Of
conbustor liners, turbine vanes, turbilne blades, turbine BOAS, vane

endwal | saidndoallehbi §asedgest1@y, Treemrdior Gairdc witr cofi tclcaiamt lwketends sai d
part is _fabricated froma netal selected fromthe group consisting of

ni ckel B&8BdSatfoy8lahd Robaftl bakelf a9 dy's. 2™ The microcircuit of claim 1,
wherein saidskt.f ik iy H\%S EXL ERGEN PVEL ot 4P AR anRel TRE the
m crocircuit “of claim4, erein sald |inear
surface of said part said film hole comprising:
an opening through which said coolant gas enters from
sald 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 slot film

hole extends over a linear expanse.

5. The microcircuit of claim 4, wherein said linear
expanse is between two and ten times the width. of said circuit

channel.



expanse is between two and ten tinmes the width. of said circuit channel. 4
1 2 NOV 2006 6. The mcrocircuit of claim4, wherein said tinﬁﬁ@ ﬁﬁﬁanse IS
between three and six times the width of said circuit channkg. .£40net hod
of fabricating a part with inproved cooling flow conprising the steps of:

fashioning a refractory netal into the formof said plurality of said

m crociroui te; ksefilog.sald: £ by agiany arelal Libo g ol d Lor cgsting said
part; and removing sard refractory metal Fromsaid part atte? cahih

wher ei nigabdtWe6hOthf&&li 415d GONPrd isess athd Migknt BEOYENd Wi £du e GoRnakt . gas
may enter; a circuit channel extending fromsaid inlet through which said
coolant gas may flow, wherein said circuit channel extends fromsaid inlet

in a spiral pattern; s| ot -fi | e extendin romsaid.circuit channel to
t he surfacegéfhségahggr Ps%%%#{%%%%?%n%a%%ﬁipVg§ﬁnéﬁpéﬂv8%eﬁ?%§l%%rough

whi ch s&ildwgoebmptigasg eihers.dgpmr:said circuit channel; and a slot hole

t hrough which said coolant gas exits said part 8. The nethod of claim?7
wher ei n sai dfpahionsngfaareipmretaey aated fingm heupoednef ssehg pFuRDNHBUSt or

i ners, urb&gem.vanes cLgurb_ine bl ades, turbine BOAS, vane endwalls, and

airfoil © eaaes. TR FREHYd of claim 7 wherein said part is fabricated
froma netal igebecigd £50M tdher LMY, GRASIISEINAG af nBiakebr basedingldpys and
cobalt based all oys.
part; and
removing said refractory metal from said part after casting;

wherein said microcircuits comprise:

an inlet through which a coolant gas may enter;

a circuit channel extending from said inlet through which
said coolant gas may flow, wherein said circuit channel extends

from said inlet in a spiral pattern;

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 coolant gas exits said

part

8. The method of claim 7 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.

9. The method of claim 7 wherein said part is fabricated
from a metal selected from the group consisting of nickel based

alloys and cobalt based alloys.

Y



1 2 NOV 2006 10. The nmethod of claim7, wherein said plurality of
mcrocircuits are arranged in one or nore rows such that the igﬁb fngghole
associated with each of said plurality of mcrocircuits f or mil Ve

reside generally upon an axis. 11. The nmethod of claim 10, wherein said axis
is oriented approximately perpendicular to the direction of a gas flow,
said gas fl oW fTow mgtlast o5 ¢lwis il f ademfinssiaddpadural2ty The et hod of
claim 10, wherein.the direction of. said as flowis 180 degre out of

al | et ChPThETRAT® OF St TOSant og8s °F BRFGi F R4Ei BACP 157 The' et hod of
cl ai m 18lowhét B rhd e aiscedtatend afithheaghAsof féaid il Ul idegrogfes out  of
alignment with that of said coolant gas flow direction. 14. The nethod of

clai m 1R cwbei et €4 resin oy of 1Sai deBase 5&@&&51?0@p$@8§ntmrb 150 degrees
out of alignnment with that of said coolant gas flow direction. 15. The
met hod of claim 7, wherein said plurality of mcrocircuits are fabricated

under said sygf a‘f§ ahe@n8LSHaNee 1 APRHOX ABLELY §AYEl oL9sa: W dib.Rt 52l d
circuit channel. 13
approximately perpendicular to the direction of a gas flow, said

gas flow flowing across the surface of said part.

12. The method of claim 10, wherein the direction of said
gas flow is 180 degrees out of alignment with that of said coolant

gas flow direction.

13. The method of claim 10, wherein the direction of the gas

flow is *175 degrees out of alignment with that of said
coolant gas flow direction.
14. The method of claim 10, wherein direction of said gas

flow is not less than *150 degrees out of alignment with that of

said coolant gas flow direction.

15. The method of claim 7, wherein said plurality of
microcircuits are fabricated under said surface at a distance

approximately equal to a width of said circuit channel.
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