Al RFO L W TH THREE- PASS SERPENTI NE COOLI NG CHANNEL AND M CROCI RCUI T
BACKGROUND OF THE INVENTION 5 This invention relates to a cooling schene for
use in an airfoil, such as a turbine blade, or vane, wherein a serpentine
cool ing channel is supplenented by an additional cooling mcrocircuit at an
area of high stress. Turbine blades are utilized in gas turbine engines. As

known, a turbine bl adeAIRFGIEWiW'mkEEePASSSMFENT‘INW th an airfoil shape
ext endi ng above the plehAMNG ckfA ak NpPMICROEmEedT extending from a

| eading edge to a trailing edge, an etween a pressure wall and a suction
wal | . Cooling circuits are formed within the airfoil body to circulate

cooling fluid, typicall - i iycuit is a serpentine
channel . In a serpenti ne)h‘@:lgm@w&% fﬁ@%ﬂgﬂﬁwt hrough a plurality of
paths, and in onRASEAeftisLIIONS ajegoﬂ_ﬁléj%heﬁ‘ierfome '115" ahi b, SdcAWsia a first
pat h from a platformof a turbine blade outward hrough the airfoil and

reach a posurbinerblaltj acearte, athermu a sérptiteneaioofiog Ichan'hhbls fupplemiestedignar et ur ned

in a second ﬁath back in an og osed dlrg thl on toward the platform
Typi cal |y, 2 LopglGgp 142 IICIOGrQUILAL AR atga BE RIBhSIEESS- f rom the platformin a

third path. 20 W%lh@ﬁﬁhésoﬁe %Hﬁzeﬁlﬁ%ﬁcﬁfrbﬁugﬁnglﬁéé“%é Kndy s &rtlditd Blgdec hannel

has been the subject of desi onsi deration. During operation of the
gas turbi neymwd;lymaplutlbﬁeaqxbatfqmlg vatlr arf Iamﬁmlngmapnsmtbadmlgeabopattm plagfosabj ect ed

to a rotational I ce. helnter i e flow. through the paths and
thie rddar n9R awauliesive e e ate adtsp nor ik Sl ridheehtbat os
internal 2 ré‘sglgy“gurﬁglaashbg& wanthe paths. Basically, the Coriolis force is
proportional to the vector cross product of the velocity vector of the

cool ant flow ng (Idohoglghcultseare fasedgettan thet sigod bgdy aTCIV(Bﬂ&iCICDQllngBﬂmldr of the
rotating bl ade.. Thus iolis .effect is OFE adj acent ones of

e ser oty e Qe JSpral coplisg RiGHt 107 scisan Al A1 RRE my 1 om
or towards chihel, RliehbRE @bnzﬁ@r &90 Sz{PHffréllty%? pafig, &\Hhﬁﬂfap‘m% eatasbRy the

Coriolis effect, designers

15  Thus, air may initially flow in a first path from a platform of a turbine blade
outwardly through the airfoil and reach a position adjacent an end of the airfoil. The
flow is then returned in a second path, back in an opposed direction toward the
platform. Typically, the flow is again reversed back away from the platform in a
third path.

20 The location and shape of the paths in a serpentine channel has been the
subject of much design consideration.

During operation of the gas turbine engine, the cooling air flowing inside the
paths is subjected to a rotational force. The interaction of the flow through the paths
and this rotation results in what is known as a Coriolis force which creates internal

25  flow circulation in the paths. Basically, the Coriolis force is proportional to the
vector cross product of the velocity vector of the coolant flowing through the
passage and the angular velocity vector of the rotating blade. Thus, the Coriolis
effect is opposite in adjacent ones of the serpentine channel paths, dependent on
whether the air flows away from, or towards, the platform.

30 To best utilize the currents created by the Coriolis effect, designers of airfoils

have determined that the flow channels, and in particular the paths that are part of

the serpentine flow path, should have a trapezoidal shape. Essentially, the Coriolis
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have determ ned that the flow channels, and in particular the paths that are
part of the serpentine flow path, should have a trapezoi dal shape.
Essentially, the Coriolis -1 effect results in there being a primary fl ow
direction within each of the flow channels, and then a return flow on each
side of this primary flow Since the cooling air is flowwng in a particular
di rection, effecsi r;aeltss in nhdrbebeing hiopdimanyt flowvédirectiongwithiadeadheof igaiflotr ansf er

of aS|det act direction wll reater 5
than on thé wd Grma o OWPﬁsm‘[ﬁ%@%%Fﬁ sy rod e aRoith gned to
ensure thaf, 1§‘ﬂ6@fl‘%el ﬁiaﬂﬁ:u@z{r diB&isoatd rsc1rﬁatﬂé‘§11rfow eH hd¥@ rkdBparkaddy the
primary flow dire mentionéd, this primary flowdirection will be

di f f er ent iheattttaasfer p6é sié{lndhatt\murtmt 1p1pa¢tsd tp tus pberér)atbm&c&gontmarbcl greater i n t he

second path. Wth such trapezoidal aths fo ine flow, the
wal | adfac Ee QPrEﬂSF‘iFI%gi ég f?het ‘tﬁaé’ei?&ﬁ%é@ s"ai?)[’?ﬁi]s‘? i‘b‘fﬂl "y surface
area and | eg® acwéerngd@t)f itk %B&ﬁngbﬁhnﬂéldw‘il'l% 1nﬁ1ﬁtc§:8n@y @&ssﬁma;mowml ler
side of the trapezoidal path spaced froma wall by a relatively

great di st ditegionFuks memt;ormdethmnraaryﬂomvilmtlhs wakl be dtfﬁqwdan the tamst and ar ea of
hi gh curvat,ur iS.S ect to relatjvely hjgh ni cal and her mal
stresses. ‘ﬁB?tn%FiFSCB'PCéJ ﬁb%‘ée fhangibpgm fhr‘?eseg‘?ré}agﬁgmgﬁ Sgcgﬁrﬁp?zé)r' ide of
one of the shép%é?ﬁ%@'f&ad sefrﬁéﬁWnE’ﬁBti/Stlﬁ%ll écﬁacfeﬁ@ﬂhegm‘ﬁﬁéﬂ s1de50f8eﬂe ghgaotdat coul d
benefit from additional cooling. Recently, the assignee of the present

i nvent 1on hasle@lsecﬁ@lhog@urfwomar@ddﬁaswohlg effingncyir e enbedded into the wall of

irfoil, b. | 1 ed 20 Th
e di scl osed | 1 40OBGRGUAG Gt b SPalec Lo Ee ERSHT A TOh ST T N

10/ 637, 352 spRBA iffoned waMl 6y 2ed1aevw1§ gl diglahcdVBFitRBodYe’ seﬁdl@ld&hbﬁﬂhs\a&s fl | ed
on August 8 2003. These mcrocircuits have never been disclosed for use at

the above &rpicallyeat\anearea RE highagureatursi that isfsubjest ta eahasivelydhighfmeskapiseh i n a

serpenti ne § annell and the facing wall. 25 SUMWMARY OF THE | NVENTI ON
an rmal stresses.

15 For all of these reasons, the area between a smaller side of one of the
trapezoidal flow paths and its facing wall is an area that could benefit from
additional cooling.

Recently, the assignee of the present invention has developed cooling circuits
that are embedded into the wall of an airfoil, which have been called microcircuits.

20  These microcircuits are disclosed in a co-pending United States Patent Application
Serial No. 10/637,352, entitled “Microcircuit Airfoil Main Body,” and which was
filed on August 8, 2003. These microcircuits have never been disclosed for use at
the above area between the smaller side of the trapezoidal flow path in a serpentine
channel and the facing wall.

25

SUMMARY OF THE INVENTION
In a disclosed embodiment of this invention, an airfoil has a microcircuit
cooling circuit embedded in an area between the smaller side of one of the paths of a
serpentine channel and the adjacent wall. This microcircuit is provided with cooling

30 air from one of the other paths in the serpentine channel. Further, in the disclosed
embodiments, the microcircuit exhausts air through a series of small openings to

provide film cooling to the surface of the airfoil at the adjacent wall.
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In a disclosed enbodi ment of this invention, an airfoil has a mcrocircuit
cooling circuit enbedded in an area between the snaller side of one of the
paths of a serpentine channel and the adjacent wall. This mcrocircuit is
provided with cooling 30 air fromone of the other paths in the serpentine
channel . Further, in the disclosed enbodinments, the mcrocircuit exhausts
air through a séheédscatibn sfieiid mapesitcagds hlognedrvoitti ake afe lofhéghodurnasutecort he
surface of the airfoil at the adjacent wall. -2 The | ocation of the

m cr oci r cuithe Wall of itenaigfoyliHlades nForrthis additionghreaiany aRd,F reasons wRenfigned of ¢ he
airfoil bl agdeve RAls sﬂahslsa&@;]éct QHal; maa% ﬁﬂdnfe%einﬁc%?%%% nemdsoreﬁéﬂ above,

this area is subject to high th er and nechanical stress. Thus, the
m croci r cuimiciosiratit & ak admiatlomtltahhd:neﬁmméatt}sfrgnem h@dltﬁmtaﬂn:d)dimgaddl tional
cooling, 5 The r{l crocircuit

dedlnt t he wal n a | ocati
adj acent to the D& Croc Rt ﬁ&%@ﬁ ‘f‘l‘?&’ 'ﬂ?ﬁt“?? al? Pﬁ%“cﬁlr@%‘i??%t%g? Pathhe

M CrocCi I CUighg 'b‘ét»&hreﬁftﬁé gﬁhﬁ/aﬁcﬂ% prefRtd whll. aTl ARASEIRiTRASHRsbIpakyeen the
smal | er side and cing pressure wall. Mreover, the m croCi rcwt is

actual ly prsmfak}nam simaeqsianrmbasmyedolbetwpacﬁw smalter sider and te: fpmgeptessuong a
direction exten fromthe platformand outwardly. 1Q In one appljcation,
the area of% &49‘%%%%"]‘% IBISTQRIEHIL &S sty B‘\'zg‘??{d'%lgfai’l[gl‘raﬂ S ngfdl t he
pressure \A@lnl:rocir&ﬁsf& §ce‘arﬂp&f§ & Rctioh Qi?temhﬁé%h{ B iplRfoRmSandottwidR).y fed
with cooling air the third path he present |nvent|on al so “‘extends to

provi dilg mi crodin looeuapghdaaowetbn atdaeof mglalstlr@s is bdess:emfa sebendopathsmatldr t he
in.a sec 5 enbodi ne

suction wal | ropri at t he

m croci r cuiStdei %“dptgggqug a@etlﬂéh@ﬁ embpdiment, rﬁg ﬁ‘“érﬂ%lfquétF aq ggﬂe&%y?@e sucti on
wal | . In tRig &%hﬁghﬁ?ﬂﬁn tHeRBirdp&hoci rcuit is provided with cooling air from
t he second flow path. These and other features of the present invention can

be best under st dbd préseomrt\fnetmimlalsowxmgds pe prdvidiag insiaraerduith betimegs the he
foll ow ng of i c descrii PTI ON OF, THE
oraw Nes ottt St e dileandcie F o gL hl RAPRE AR nThdBATSFRY ng t he

presenys  embodiment, the microcircuit is positioned between a first path smaller side and the
suction wall. In this embodiment, the microcircuit is provided with cooling air from
the second flow path.
These and other features of the present invention can be best understood
from the following specification and drawings, the following of which is a brief

20  description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of a gas turbine engine incorporating the present
invention.
25 Figure 2 is a view of a first embodiment invention.
Figure 3 is a cross-sectional view through a Prior Art turbine blade.
Figure 4 schematically shows cooling airflow through the Prior Art turbine
blade.
Figure 5 shows an inventive portion of a first embodiment turbine blade.
30 Figure 6 schematically shows one feature of the Figure 5 embodiment.

Figure 7 shows a second embodiment.



invention. 25 Figure 2 is a view of a first enbodi nent invention. Figure 3
is a cross-sectional view through a Prior Art turbine blade. Figure 4
schematically shows cooling airflow through the Prior Art turbine bl ade.
Figure 5 shows an inventive portion of a first enbodi nent turbine blade. 30
Figure 6 schematically shows one feature of the Figure 5 enbodiment. Figure
7 shows a secon@Figndokiiisent .enladgdd diagean@matsc aieve ndfaoge enadbatimemmraf i< vi ew of

one enbodinent of a mnicrocircuit cogoling sche that can be utilized with
the presentMFiRGEeHi} CAPIINEisefiee ot can s uliy \ytsarﬁ?ﬁ RIGIRRTRERON i ew of an

al ternative embeghgeRf i 1 CARFJHCHASr 'ti'hr\gexﬁfd?ea{f?alt%n%wthﬁ&i%xﬁml PTI ON
OF THE PREFERRED EMBCDI MENT gure 1 shows a gas turbine engine 10, such as

a gas turbinnerooseadt fmlingewlemeaener ati on or propul sion, circunferentially
di sposed about an engine centerline, or axial centerline axis 12. The
engine 10 includes a fan 14, a conpressor 16, a 10 conbustion section 18

and a turbi ne JETASSEDSDIRSCRIFPTEON OF THE FREFERREIS EVEBOTARSENT the
conpressor 16 is mxed with fuel that is burned in the conbustion section 18

and expanded i nHgurdilsbodd a gaheirbine exginp il @sweld as a gahwiroepsasopowad t he

fuel i Xture expanded in.the turbine 11 can hoth be referred to as a hot
Lo st 1 bamEPresTIon GnEopUisn Eircu et glE PRt b or i fREiTe cERtai e et nonse

to the expaps| @Bnteflibadxg 125 Hid \éhé]ge tipeine RIABE GS/AT 1416, @6'1‘Elpife§£br1P6, alhe
turbine 11 conprises alternating rows of rotary blades 20 and static

ai rfoi 18 ocombng®nbectidh Hfluarel dturlgna | sokswhatll kooenan the art, epyreespnsatd on, for
LSSt e BRSSPI Ko S8 vt b AR P B e
gener at i on an@iek ARl .in @hibine2 P1. A ThetAF YorRpRERdZR thé cohdpstéradRrtientukl gure 2
having a platform 32, wth an

mixture expanded in the turbine 11 can both be referred to as a hot gas stream flow.

The turbine 11 includes rotors 13 and 15 that, in response to the expansion, rotate,

15  driving the compressor 16 and fan 14. The turbine 11 comprises alternating rows of
rotary blades 20 and static airfoils or vanes 19. Figure 1 is a somewhat schematic
representation, for illustrative purposes only, and is not a limitation on the instant
invention that may be employed on gas turbines used for electrical power
generation, aircraft, etc.

20 A rotary blade 20 is illustrated in Figure 2 having a platform 32, with an
airfoil 34 extending upwardly away the platform 32. While the present invention is
being illustrated in a turbine blade, it should be understood that the invention would
also have value in static structure such as a vane 19.

Cooling channels are provided through prior art airfoil 34 such as is shown

25 in Figure 3. Cooling channels 36 receive airflow from a supply adjacent the
platform 32, and direct that airflow outwardly along the length of the airfoil 34. A
serpentine channel is identified by paths 38, 40, 42 to circulate air in an outward and
inward direction as the air flows serially through paths 38, 40 and 42.

As shown schematically in Figure 4, path 38 directs the air outwardly away

30 from the platform 32 or “up,” and then communicates the air to a “down” or inward

path 40. Path 40 communicates to an outward flow path 42.



airfoil 34 extending upwardly away the platform 32. While the present
invention is being illustrated in a turbine blade, it should be understood
that the invention would also have value in static structure such as a vane
19. Cooling channels are provided through prior art airfoil 34 such as is
shown 25 in Figure 3. Cooling channels 36 receive airflow froma supply

adj acent the pIAatshowmiBFiglmma e ipaths 38h40 aad 42 hewrapeteidaldh pectlamnAs he

|l ength of the airfo 34. A ser i ne ch identified ths 38,
10, %45 to EnEan Bboes e anS Di Ao e ik DT Y 145HOMS TORERS £ 11 o
serially thipl0 R8T paftP30RE HargefSids 19WAd 2GHAMBE &8O Ypanafrhayir e 4,
path 38 directs the air outwardly away 30 fromthe platform 32 or "up," and

t hen communilageesde he asd a Stn@ll%r sidtodth'and pathriReirad a lpegehsid@ 45 Iaad la spller

conmuni at es, t ut war ath 42 in Fi he pat hs
36,40 Snasis 42 &P In T i B8 eamithcideyion oL A M th EisEA Tns g
trapezoi dal3ssm@aﬁd s 1§a r@@t&@@owz&d hES larseak sidas PN add8 5 tﬂa@pec@oayolA§ effect.
Thus, path 38 has a side 37 and a smaller side 39, path 40 has a

| ar ger si d@emmomcuatmvs iSIt@kesng@tzg@ ofdheiCpriols effechaadaesults gemesdaged 45 and a

smaller 5 e 47 y ect| e flow
S neh o Meftoriarat Bg st Roht 99 ictuctar., B Bt TBlenit BE pafedihell yos 57
41 and 45, hesgBestthd hiler Afles. "BEEhGRE G sab@otEwall Bl%fmkg@ﬁo@dwm@mnpf t he
Coriolis effect, and results in increased heat transfer at the |ar

si des. 1Powshadlarger bids 4hiof theapatlo 49 eand| the pmaltas gidlse 39 nBatt7 of ithmpstes 3%en

Tho | or gor 18 iseSo09 Iy pRadte el R R uhe ol i iRl lsdbesg ks 373#0‘3? e? he '

paths 38 amrd of & patisTse&id 42 ksspedtive gemerwaédma%@r@lfdeub%f@hdlﬁm Woiis
adj acent the Iarger sides 37 and 45 of the paths 38 and 42, respectively.

Further, t mes1§mﬁd| terbegilepe ta thegpregshee yall F\64@S|CQH bpepprerisisddram Figire Bose t o

100 betwelrh wites WP egiaRer e RRIRE G TR0 Ol U PeautBERl} 15 B

that ig5al 96 tkd iQAKE affardai (FhigHEMRdtuFee . MMROESY BHere isfhegcﬁ)dl deaBo@e@néteal of
di stance between the smaller side 43 of the path 40 and the pressure wall

46 at ar eabzo@en theesmegllen side #3jof therathdl ang the pessswie wallA6 atlaeda WRge. Area 101

I's spaced from The area 101 is another area of similar challenge. Area 101 is spaced from

the smaller side 39 of the path 38 and the suction wall 51. Area 101 is also an area
of high curvature, and high thermal and mechanical stress, and has similar cooling
20  concerns with regard to its spacing from the smaller side 39 of the path 38.
Areas 100 and 101 are subject to a good deal of stress for several reasons.
First, the fact that they have high curvature and are adjacent the pressure or suction
walls result in high thermal and mechanical stress. Moreover, since the path 40 is
spaced relatively far away from the pressure wall 46, there is not as much cooling
25  capacity at the area 100. A similar problem exists at area 101. Finally, the smaller
side of the trapezoidal shape adjacent the areas has reduced surface area and cooling
efficiency for cooling areas 100 and 101. For all of these reasons, the areas 100 and
101 are challenging areas to adequately cool.
Figure 5 shows a microcircuit 50 incorporated between the smaller side 43 of
30 the second path 40 and the pressure wall 46 (i.e., in area 100). Notably, a plurality
of pedestals 112 are disposed within the microcircuit 50 and extend between the

sides of the microcircuit 50. The pedestals 112 assist in providing more efficient
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the smaller side 39 of the path 38 and the suction wall 51. Area 101 is al so
an area of high curvature, and high thermal and nechani cal stress, and has
simlar cooling 20 concerns with regard to its spacing fromthe smaller
side 39 of the path 38. Areas 100 and 101 are subject to a good deal of
stress for several reasons. First, the fact that they have high curvature
and are adjhasterdnsfehbypoasslling tier flewof itlencooliag lag thesgh thd midrogitruitheksral and

nechani cal stress. Mreover, since the path 40.is ced, rel.atively far
vy 1 om SREVE RS GL FomBuncRes ai o dee Burchpa® B2g6 Mt PiSset&ilci oy at

the area 16@. PxnabdtiHokts, RORDLEPHEXI st &ktéHd @B f&Bf thé PRissure WdlE4s Rl | €1
side of the trapezoidal shape adjacent the areas has reduced surface area

and cool i ngrovedd film epadingfapthecased 1y areas 100 and 101. For all of these
reasons. the areas 100 and. .101 are chall engi ng,,areas, to.adequately cool.
Fraure 8 shows. dTRirEEREFLL I oo RoSPBeraidanne ol RRURE A Geas o
30 the secqpgctiRt MHEQ@xadndihbiesidHae fhides etlake diSclbied®elow.n area 100). Notably,
a plurality of pedestals 112 are disposed within the mcrocircuit 50 and

ext end between tAsecandiccippregfatechisomildgereios there areferablpe phsality of pach assi st

in providing more .efficient - eat. transfer. by controlling the flow of the
cool i ng ai Fl%f)'f??gﬁ‘aﬁs ﬁpﬁ%edﬁ]gp%ﬁ\eﬁgqﬁﬂgp ang lév%]d lﬁ{g)p s%uéé)gi}iel&%?rﬂﬂlni cates
air fromthggdrbist dCgsity 42id @Ff)élﬁfrﬂincﬂh@(piafhcm thro®éh thexdpRHmls ol efto s ot's, or
ports 52 extend to the Tace of the pressure wall 46 to provide filmcooling

at t he l@r egeri@mf micusarcnitc PG diat aigiambedderhiim therpidaih gée rTAE @i PASSHSIPVED bet t er
illustrate jts basi st rugtur The exact di sional. ra , etc., are

di scl osed tSléel% ?&ﬁggqé%hangle{ﬁ%)bléﬁéh&%&%%WP%%?H%H?SX ,USWloe sgfz;re preferably a
plurality of sudigursi gr @edwe Uarioshes P atiCcibn Gerhibslilengt 1500 wiidieinaithd oi |, and
into and out of the plane of Figure 5. Cooling air is tapped fromthe path
42 t hr ough mip@cEpEhismesitipnad imihe agearl I wstween the smpldergida 3Uek hepoth 3at are
enbedded i h ' 1113 air . v th , and
through t e Bt AlS 1Sdord e & RETBER B Pl ebRREREE P GIE ot her
M cr ocilf Cuiffone AiakkroE fiie skPSEntine Eiginnel fiths 40. Pededthls USE ateSplpasl Witlgingke i N t he

area 101 between the snmaller side 39 of the path 38
microcircuit 150, and an exhaust port 160 communicates film cooling air to the
suction wall 51. The embodiment of Figure 7 would preferably include a plurality

of spaced microcircuits 150 similar to that shown in Figure 6.
The detail of the microcircuit can have many distinct shapes, positions,
20  spacings, etc., and varying numbers of entry/exhaust passages per microcircuit, and
relative shapes and sizes of the pedestals. Several available options are described
below, however, these are merely exemplary. That is, the microcircuits 50 of Figure
5 and the microcircuits 150 of Figure 7 can have the configuration of Figures 8 or 9,
or some other configuration. For purposes of this application, the microcircuit is
25  preferably simply a very thin circuit placed at an area where additional cooling is
beneficial. The microcircuits that come within the scope of this invention can have

varying combinations of pedestal shapes and sizes.

Referring now to Figure 8, an exemplary microcircuit 222 will be further
detailed. Figure 8 is an enlarged view of a microcircuit cooling scheme that can be
30 utilized at either the Figures 5 or 7 locations. Microcircuits offer tailorable, high
convective efficiency cooling. Along with high convective efficiency, high film

effectiveness is required for an advanced cooling configuration. As mentioned,
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and the suction wall 51. Here again, an inlet passage 154 conmuni cates
cooling air 15 from anot her of the serpentine channel paths 40. Pedestals
152 are placed within the mcrocircuit 150, and an exhaust port 160
comuni cates filmcooling air to the suction wall 51. The enbodi nent of
Figure 7 would preferably include a plurality of spaced mcrocircuits 150
simlar toFidua 6sh0w11tdsrthEingU1roe1rﬁnts13ﬁleome Pirdsentf invéreiom thatoae rembetidan have

many di stinct posi ti 20 spa etc.,, and varyi ng .nupbers of
entry/ exhaagztceéé ggfb% pﬁéﬁurﬁ“@ﬁoﬁ 9%&*}?@1#%[:33 Migregifepis 3& michn %sf?es of

the pedest g} %tﬁe%‘é@h%l e"i‘M@it&ﬂ@ ;%“arpl?ﬁ h?j?@f eRéLedBSAeRe the Hl?érQWrculi‘t@‘@@é’er
these are nerely exenplary. he mcrocircuits 50 Figure 5 and

the m crocifmnqutczf rdfs@tardy Iﬁatgjmf@nis andrenbapselateden dmﬂargmphitprcm tofcasﬁngures 8 or
9, or so er configuration. For purposes t hi 0
m croci 7 cui V"rrg Q"Efraﬁfoé?f’g? g]|sy1ngliumgym8}jxpggr§pne H%O)CPP@L}'Ia‘g‘gthﬁm) g?vean area

where addi Txﬁe@t‘f&i’é p&‘ﬁ%‘ {130 ateSin BRRES bE 'tﬂheal -@ﬁﬁu{g Fern%kz[tﬁl‘é's tot difiell va9dE Wi thin
the scope of this invention can have “'varying conbi nati ons of pedest al

shapes and sspaz@inys Reliase réfrigtorgmdtas Fargbe proﬁucealnnewengﬂtahm sieefravdomeui t 222

Il be further detailed. Figure 8, is nen e mcromrcwt
cool i ng scHLHEe: PREs Bt ybakeshaifie oS osogfaaRe o 48k s ey

l'ocati ons. af¥ %Hﬁ)hétﬁ#b&&l&f Hc%'igrfsapm‘%i?ﬂ pall?é %o?éwéltﬁg e iffehiiéh %ﬂaﬁy
cooling. Along with high convective eff| ci ency, Im effectiveness is

requiré@ fdermed adpahoedncebdle g wiokdli bpseditalloys OASOhdhfoamde@lloy«SESTFugur e 6
illustrates ﬁgmcrowc |ts ‘:‘fO of the resgé{ vent i nthat are enbedded
spaced al oﬁegﬁatc ygpgies sh ¢ 1ok BpsSpeseenRURh (fueti %’ tc’l\/fﬂl O gnd{Re @dyay be
nmachi ned  @mRhHehiy é@mﬁ]&kdﬁﬁp&! tHen d@ctﬂﬁ&tylelhﬂ 2 R elesig epapdi gENt, the
mcrocircuits are forned refractory netals forns and encapsul ated in the

part nol d punvonng 1 mmng@ellﬁlgsgym alAfteefqasieng r the mefmb©ry mottadicay bl ybdenum

MO and Tun h I ti t t ot |
Casti ng 1 ofBF i eh of POREE sllert elsueh PoyEa BB & ettty ot al <

can bejpr O%é@lﬂﬁisl EaWn@UsHhind H'dﬁvﬁ%ﬂ@@ﬁmﬁg th®tiiBrociruif R228S N6 HORAM thaf O Make
cooling channels characteristic of those found in turbine and combustor

cool i ng deshgliesirciisemay alsoyhe panufecturedorsprg mvestmenhiastingieshniques avith
ceramic cores.

Each “square” of cooling microcircuit 222 embodiments can occupy a wall

surface area as great as 0.1 square inches. It is more common, however, for a

20  microcircuit 222 to occupy a wall surface area less than 0.06 square inches, and the

wall surface of preferred embodiments typically occupy a wall surface area closer to

0.05 square inches. In the exemplary embodiment, the thickness, t, of the

microcircuit 222, as measured into the wall, is preferably of approximately about

0.012 inch to approximately about 0.025 inch, and most preferably about less than

25 0.017 inch. These dimensions are for a turbine blade having a wall thickness of
about 0.045-0.125 inch.

The microcircuit 222 includes a forward end 244, an aft end 245, a first side

246, a second side 248, and a number of rows 250, 252, 254, 256 of posts or

pedestals 260, 262, 264, 266, 268, respectively, that extend between an outer wall

30 (246, 265) of the path. The microcircuit 222 extends widthwise between its forward

end 244 and aft end 245, and lengthwise, or in the radial direction, between its first

side 246 and second side 248. An inlet aperture 111 (or 154, Figure 7) extends
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10 formed in part or in whole of nickel based alloys or cobalt based all oys.
Thin refractory netal sheets and foils possess enough ductility to allow
bending and form ng into conplex shapes. The ductility yields a robust

desi gn capable of surviving a waxing/shelling cycle. After casting, the
refractory nmetal can be renoved, such as through chem cal renoval, thermal
| eechi ng, diroog thatfirsnwab pnﬁtdmoajﬁi is Ipesiviong p@hlmajeaodm/aft gnd dﬂﬁnoﬁ@let he

m crocircuit 222. s noted that. m.crocir ma be f act ur ed
using i nveé@l%@ﬁwhéﬂ HyProNidem GRRE Aiftiow e@ﬁé” %?;%IE @5@6#05%8 e"
cool ing m GLRGI §£ 1k tt%zlglc%’@%%@@tﬁn CR1T oP CLhHAXt @pe‘{’(%H 52 f&rlf@?%x@,f]@@ as

great as 0.1 square inches. i's nore common, however,
m crocir curthroQthhB@)utmzcmﬂyp axmvatet tosthe f(arwerCh¢reh244qysvmlh@1a mco@gsmﬁl@m i nches,

andthe wal | rface of. preferr enmbodi ments typjcal | up

Ui f ace ar BahclTgEEA, GieBeBett oad B fanage B PR ceetel 468 B otihent . ¢ ne
thi ckness, pligroefrcdif’e22 1@%%19&9]% Silénieddéhvardfo A aRME 8 edrilitslofehe\&)ré gad S
preferably of approximately about 0.012 inch to approximately about 0.025

inch, and fost @;elltlmtablqnqbwm megsvarndn sug meoam)lucmmn aTthesd Hi tnsi ons

f t ur bi bl t hi ck t004-015' h.
e Tt o ERTPaS, 9sBO Gttt dBhs Yt i, o 06 3Rarel infe? b rived 41 af T, L

side 246, cRief@1HMhwWisd8n Zﬂe%ramddlaecﬂyﬁbﬁrthefexé&w Fé%boaﬁgentzﬁr’é e>a56 of
posts or pedestals 260, 262, 264, 266, 268, respectively, that extend

bet weeh0 an apertue SRais|a ot @m&dmg Ga)gtb\fnsc he tlrmtradlalm@cnpurlim esemplap? 2
extends w dt h e between its for d .en .and fted 4 nd

| engt hwi se(ij c‘#H iﬁ ’ﬁéﬁeﬁﬁ?taqpcﬁﬂﬁ&ﬁ? %ab%gp&ééﬁnqrhtg lll? Ff? en %Pglé %ﬂ%f and
second si dene?s: apPuted52tis AR DU0@inkhl (or 154, Figure 7) extends -7 through
the first wall portion and is p03|t|onedr£rOX| mate to the aft end 245 of the

m crocircuit 22§0m9 geoplaimiciodsyits ngll & rdesaibedde khew dhe versatddy I9f 4 (or 40)

of the airf.oil. into the mcr00|r uit 222 xhau aperture 52
Cor ' 160 "eRoiraecti shisth S B GIRE GiieloBles Mo Bt v BhREb ARG 22
provi difg eeGadrtiag, airflow 5 path fromthe mcrocircuit 222 into the core

gas path, outside the wall. The
The row 250 has pedestals 260 formed substantially as elongated right

rectangular cylinders. The pedestals 260 have a length Ll (measured parallel to the
row)of about 0.040 inch, a width W 1 (measured perpendicular to the row)of about
0.020 inch, a pitch, Pl, of about 0.060 inch and a separation, Sl, of about 0.020 inch.

20  The pitch is defined as the on-center radial spacing between the respective pedestals
within a row. The spacing is defined as the length of the pitch, P, minus the length of

the diameter, D of the pedestal. The ratio of the pedestal dimension along the row, L,

to the pitch, P, for the row defines a percentage of area along the particular row that

is blocked by the pedestals, or referred to hereinafter as the restriction or blockage

25  factor. For the identified dimensions above, the restriction or blockage factor is 67%.
The next row 252 has pedestals 262 also formed substantially as elongated

right rectangular cylinders. The pedestals of this row have length, L2, of about 0.025

inch, a width W2 of about 0.015 inch, a pitch, P2, of about 0.0615 inch and
separation, S2, of about 0.0365 inch. In the exemplary embodiment, L2, and W2 are

30  both substantially smaller than LI and W 1. The pitch P2, however, is substantially
the same as Pl and the stagger also completely out of phase so that the pedestals 262

are generally behind associated gap 270. A row pitch, RI , of about 0.0375 inch is

-8-



mcrocircuit 222 is typically oriented forward to aft al ong stream i nes of
the core gas flow, G although orientation nay vary to suit the application
at hand. In the exenplary enbodinent, there are two race track shaped inl et
apertures 111 that extend lengthwise in the radial direction. In the

exenpl ary enbodi nent, the exit 10 aperture 52 is a slot extending |engthw se
i n the radibalwednreetsi 250, 2B2e Roxahplidenyifiet edigiehsiohd abowef thdheestmétedn apert ures
111 is abo C% P inch ile the length, Lout, of the exit apertures 52 is
about 0. 100'q%8&e 1aggps &nple microcircuits will be described to show the

versatility of g neRi FVP Ok Gdb &)e@égfme@m ks 5B QpsdntidiesecexaRd es

shoul d not be taken as limting the 1 nvention. The row 250 has pedestals
260 f or med righbscwngalat ¢y511ndsrse1fhmgateetdlsr2i6g thiave leagthahgudfaabout0.02%mch, a The

d 26 h of 0. 040
Prch. - aSui AU fabSd Dl Saisth i ot AN RS e cabbgbictee 830 | nch,
pitch, Pl, @br&RAH180nE00n RC Bxflarg HARIAEAL OfhescShre s@bstARRUY the Sk | nch. 20

The pltch is defined as the on-centér radial spacing between the respective
pedest al s asvr:oﬂna:srpoadlngwdamélﬂseanspﬁmerrng 252dbéreatedd duit completalgoht off phiabee pi t ch,

P, mnus the h di anet e D of, the destal .. The ratio of the
pedest al Hé‘??gFg‘iEﬁl %FI%S%} ﬁés HBRE lﬁtely behind g3 f@h% WEIBJ‘ ?ﬁeaﬁ% UHefines a
per cent age (Rf3331'h€l"i‘ baihvRd thE' fowardl gl @ bV BlereahSad]sORiER] DYFok ke
pedestals, or referred to hereinafter as the restriction or bl ockage 25

f act or 10Foridentiéied danrisfne dbeNertiesturieticihanidockape factstis #2%i on or bI ockage

factor is 67% henxt r 252 ha salsZZaIs for stantlally
as el ongat ed riT-g[‘ﬁ 5‘?‘5%@1 Q‘@ﬁ%ﬂg?\%g tI0’1‘ﬂeéd an rét%ﬂ Cérc'f&f/v have
| engt h, L21cgfﬁﬁde@§)@f1&1a91e@25)4bflﬁl§but@ 0000 kehY\BitéH, Pafp@flibcﬁlt 01B8iifdandea Pi t ch,
P2, of about 0.0615 inch and separation, 52, of about 0.0365 inch. In the

exerrpl ary episoed, henof about 0O{HE ivgh.dn @Q@ebmlﬁywﬁmdmntaDﬂys smallé¢rghan han LI
agger  al 468 RonBRUERsRRHE ek op BRI TTlne Bl Pati e SEmiengfBF |
gener aliky hehbiher ASSOEARERErBidR SA7R-srllePWMaRithe Bepaitions &f tROEMYs Bethe875 i nch
is -8 between rows 250, 252. For the identified cﬁ mensi ons above, the
restricti orthagrthe row 250. A row pitch, R3, of about 0.014 inch between the row 254 and the
row 256 thereahead is, like Rl and R2. For the identified dimensions above, the
restriction or blockage factor is 53%.
The next row 258 has two pedestals 268 each having a longitudinal axis 271
20  through the body of the pedestal such that the axis 271 extends in the radial
direction. Thus, the pedestals 268 are elongated in shape in the radial direction and
are aligned with the exit apertures 263 as shown in Figure 8. The pedestals 268 are
separated by a gap 278 that is centrally aligned with the exit aperture 52 in the
forward end 244 of the microcircuit 222. The length, Lg, of the gap 278 in the radial
25  direction is preferably no greater than about 0.015 inch. The pedestals 268 have
generally a protrusion or apex 276 extending outward towards the exit aperture 52 to
which it is aligned. In the exemplary embodiment, the length, L5, of the pedestals
268 along the radial direction is about 0.079 inch.
Thus, the rows 250, 252, 254, 256 and 258 have been described above and
30  now the benefits achieved by the microcircuit 50 of Figure 8 will now be described.

The first row 250 of pedestals 260 are spaced apart from one another in a

pattern that controls local velocity and encourages lateral dispersion of cooling air
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bl ockage factor is 42% The next row 254 has pedestals 264 al so forned
substantially as elongated right rectangular cylinders. The pedestals 264
have | ength, L3, of about 0.025 inch, a 5 width, WB, of about 0.015 inch, a
pitch, P3, of about 0.0615 inch, and a spacing, S3, of about 0.018 inch. In
t he exenpl ary enbodi nent, these are substantially the same as correspondi ng
di mensi ons flofvitg ¢hroogh 252 ntitrecieatie 80, Thist dismenyide treduits dot theffophatem oo t hat

each pedestal 264 js i di ately behjnd, a 272. . A row pitch of about
0-033" nch YGMENEh EHENRE BB ARG (o PO il oAl PEIFINLIE . For
the 10 idept pfrieedr diaaBOASH TR AROYRIesthROMESIHIWCEI DL iRIwiBe, A8K pogestact or i's
42% The next row 256 has pedestals 266 formed substantially as right

circular @p#iohder 25bfaradoibset from thopeddstahded oOroedE. iThetrespsctivhoffseds  of

about 0.038 inch and spacin f .about. 0.018 inch. In th enpl ary
enbodi ment il Wil iR T sibeprliapd ARtmeebeing Plrepe ypHgh

Addi ti onal In¥icrof€uiP22 L MsHfle b passel tEbudHhB pBddseiieS60indlZo4L iR Whikgrard OWs and
separation S4 is smaller than the separations of the rows other than the

row 250. Aredwgeiferch,merg, uniformbidew distgbutiann dihiheasukédn achieveddusd ththd t he
row 256 thereahead is, like R and R2. FQr,t i dentifi di nepsi ons above,
the “restr FURM B Hsiegdaatint i35 T fERed o Sy haD) £
pedestal s 268 a6 Maviond 251, orxal §dith NG| mtrhize 2fdiling QvdiRr Aidsleddeeampdy of
the pedestal such that the axis 271 extends in the radial direction. Thus,
t he ped@st @revigss prosessiveripasisioniin wikegwrhuenchevithinitkg cenlingatiicoit 228d  are

aligned with the.exit ertures 263 as in Figure 8. The pedestals 268
o e eepar drelie By Htss R e e oRZa R Y ot 35 msAEE iy MPRABEETR Sper Cure
52 in the vkpewpnddemdugd4hotheith@an¥tedr Rcik mowdt thdPthe rbve25@mgs @, greger of the
gap 278 in the radial 25 direction is preferably no greater than about 0.015
i nch. The pestrecsionlfactopihan thearowgaaer A4, ¢5& Thust sitBewAnterthepescogiralie3d endi ng

outward towands..t he i1 .aper e 0 ich. it is igned. Jn
exenpl ary én‘ggg?brlrlgeﬁit %)ﬁb %lét %%ﬁggsw% p r%éurr%]d 3 héencglendésl{l%ng l“gg@qéqdozﬁgﬁe e radi al
directiion iggngbout 0. 079 inch. Thus, the rows 250, 252, 254, 256 and 258

have been descri bed above and 30 now the benefits achieved by the
m crocircui t 50 1be pefieptale 28 nyipimize g wekeg siaraddathe turbulence of the air as

it passes through the rows 250, 252, 254. Minimization of the wake turbulence

avoids hot flow recirculation within the microcircuit 50 and facilitates heat pick-up.

As the air flow is directed around the pedestals 268, it is uniformly distributed

20  through the exit apertures 52. The use of slots for the exit apertures 52 is now

appreciated. As the air exits the slots, a uniform film blanket of the pressure 46 or

suction 51 sidewalls, respectively, is achieved. Thus, the pedestals 268 prevent flow

streaking or discrete jets and through the exit aperture 52 (or 160). Streaking is not

advantageous as the corresponding air jets upon exiting through the exit aperture 52

25  will not provide uniform coverage of the metal resulting in possible hot spots of the
wall 46

Advantageously, the positioning of the pedestals 268, as described above,

permits very good metering control of the air as it exits through the exit aperture 52

(or 160). More specifically, the cooling air flows through the gap 278 and around the

30 pedestals 268 close to the first and second sides 246, 248. Thus, as the flow is

metered through row 256, part of the flow will pass through the gap 278 while the

remainder of the air will pass around the pedestals 268. Also, in this way and as
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The first row 250 of pedestals 260 are spaced apart fromone another in a
pattern that controls |ocal velocity and encourages | ateral dispersion of
cooling air -9 flowing through the mcrocircuit 50. This dispersion results
in the formati on of wakes and increased heat pick up within the cooling
circuit 222. The pedestals 260 are offset or staggered fromthe pedestals
262 of rowsk&in blithkewnraamlinehd, pdfes Faguwe 9264 aif flowuwhidbgh drecexdf deeturd r om t he

pedestal s 262 of row 252. Th(ff respectiv ffsets 5 are enouqh suc t hat
there is sdbdt ARferaNy distebuied dihgienier ﬁéeaﬁﬁwé)g%pem%ﬁfghs rcui t
222. As th SESmt H\%ho Lhe are
reduced fo?trgdrﬁr}ér%gquﬁlé?oc}rﬁ%&fl ovx\/Ie g&?ﬁ?ﬁ% ?Jé% égﬁfrgﬁ@éﬁﬁt aléiS] g\gﬁ{égséed due to
t he rel at iThes,\th¢ ovemteson b theqredésdds @68 @énnlhélommlgﬁ@ung&zmlcmmpmr@ to the
rows 250 and 256. Thus, the rqws 252, I2 4 .serve to m({;\&lin ze l‘al|rlgﬂg wake

t ur bul efce A&7 ONBEHUE RONEOp MY diss Ferblty helngs iapi BPTPYFd kDS FRQlingut

wi thin the.gogljefigssCi rcuit 222.  As the air passes through the next row 256,
the air is nmetered thus increasing the velocity and, in turn, the heat
transfer. |t is Refdradgmnbattotfigure SwakBlcinae emtpdeaterof the sticriocir¢wwn322act or
than the ro 252, .254  256. flowinto the. mcrocircuit 50 is
st but ed SHPRb MRl B st §iPrsn eV s AHOTINED ek 26 heat
15 transf efjxe Té'l@naﬁyeﬁﬁeahﬁcr%&réﬂmsm e tﬂlbealt\eﬁiaaae %ﬁ%ﬁf‘rﬁer}?maﬁ heot aiipul ence

of the air as it passes through the rows 250, 252, 254. Mnimzation of the
wake t U9 bulapertwes é?vancﬂshremtnldtlapmure&:il1btjlﬁataxomplmry hmbO(llhr@ntrmwmclruuul t 50
and facili es  heat p u e air di ecte

ool & 3085 AoRbe et Rcted il lbden B et A g b BRI o o5 52,

The use of ;shieed. P thet ék%n%dr& aRBRhicWnfSodRentS thdfWare ARRE Q%@&f& shrﬁﬁed he air
exits the slots, a uniformfilmblanket of the pressure 46 or suction 51

si dewal | s, mletspmnur@sellyl that axihmcb\]rmth\ﬂimjsn thheraqbekjds“calcm 268 tppewant fl ow
BTSN Shfl SPEESoLer BRE. LIS YR S RBE R SRl PO 1
throughst h@x&ﬁplfar;an,%tmr@n%f AR Miét! aﬂaahrdar PM' @eawﬁﬂt fcpm fRUewRde ugf the
nmetal resulting possi bl e hot spots of
length, Lout of the exit apertures 52 is about 0 100 1nch
The microcircuit 322 has rows 380, 382, 384, 386 of pedestals or posts 390,
392, 394 and 396, respectively. Row 380 has pedestals 390 formed substantially as
rounded triangular-like shaped cylinders in that there is a first side 300 that is
20 flattened and generally perpendicular to the flow direction and then a generally
rounded coverging side 302. The pedestals 390 have a major axis length, LI, of
about 0.033 inch, a pitch, PI, of about 0.058 inch and a spacing, Sl, of about 0.018
inch. The row 380 encourages lateral dispersion of the cooling air flowing into the
microcircuit 322. For the identified dimensions above, the restriction or blockage
25  factoris 52%.
The next two rows 382 and 384 have pedestals 392, 394, respectively, that
are formed substantially as rounded right rectangular cylinders. Pedestals 392 have a
diameter, D2, of about 0.020 inch, a spacing, S2, of about 0.0148 inch and a pitch,
P2, of about 0.035 inch. For the identified dimensions above, the restriction or
30 blockage factor is 57%. Pedestals 394 have a diameter, D3, of about 0.020 inch, a
spacing, S3, of about 0.0148 inch, and a pitch P3, of about 0.035 inch. For the

identified dimensions above, the restriction or blockage factor is 57%. Pedestals
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Advant ageously, the positioning of the pedestals 268, as described above,
permts very good netering control of the air as it exits through the exit
aperture 52 (or 160). Mre specifically, the cooling air flows through the
gap 278 and around the 30 pedestals 268 close to the first and second sides
246, 248. Thus, as the flowis netered through row 256, part of the flow
wi || pass 8B2oighart lpengally 278etvdriskaggeied relagnainekeh avliertdnd sarve toithétepass

around the pedestals 268. Al so, in i s, way and 10 s by e
streani i nedipalr ﬁé“i-pﬁésmg Hhetrhrvesn. The Tty T m&%&r@imaws e %é‘gﬁ)er ture
52 is unif gfdilabe dheSHoWRIIRSY, RS REMoRTs SEMBE NN s AL Rferffl Rt t 0 not

permt the streanlines 1 ffomcrossing over to interfere with the
st rean i negransfemncefficicat. viBrusathe Jungsntratiop ofr pedestatsi 39 ofsutthan pedighenl s 268

permt flow straightening while en ing 5 acgurate netering control with
the result r%gzri]%’émgﬁapﬁt&?lg\t}?cpefjﬁtﬁf gg@)ﬂ ﬂ& r%‘?‘nggbl'ef fectiveness. Referring now
to Figure 9, anTakligRewe388TediviRRteedls BYE WHefd &fch Pelbdtal3RB isiadighetPwn. Li ke

reference nunbers and designations in the various drawings indicate |ike
el ements. TWith enerafcthecove Bgciive tehitsapertueasna?.i The eprdosinlyed6 Hase tavo exi t

10 apertures 52 and th inlet apertures. 111.. The ex | ary emhodi ment

i cr ool r outtneagBatpny 3o uabetendi e il Argato b FRSEta RSP RE cool i ng
desi gn and efdagatb@Nnaf dHape iACHEMEEl dirchidie RN RENIsabdEhagtRn&aRed] ment
there are three race track shaped inlet apertures 111 that extend

| engt hW) se prairusiva eraatieal 39di axéandingnoutwdrd teovaeds the ragpeeti v exit spertyse eler abl y

| , al ing,l i.se | h i al..dj i on, The 15 |
Tength, Ui Rt o PRAss G a8 E Gehdelt Fef B DA NGk W st RS
| ength, Loupert@t seher 80) IiRRRI dxefsarh 2mbsdiak@ttth® IdH3Rutinghlendihe 131 6f oci r cui t

322 has rows 380, 382, 384, 386 of pedestals or posts 390, 92, 394 and
396, respedhd padestals ROdisdOunBd0PEwEst al s 390 formed substantially as

ounded g D 3RECE SRIFE bt e SR ] 2 3
then ajgenegictbdnkfitsiaehidderb ¢ Meahigiddacsit 922 SO0R gurthewlEes baldsscaBed.have a naj or
axis length, LI, of about 0.033 inch, a pitch, Pl, of about 0.058 inch and
a spacing, S, dhedisguowo3def pedestals 390 are spaced apart from another and have a
shape as described hereinabove that controls local velocity and encourages lateral
dispersion of cooling air flowing through the microcircuit 322. Also, the pedestals
390 minimize wake turbulence. The cooling air flow impinges onto the side 300 and
20 is forced around the pedestals 390 by the side 302 thereby reducing the wake formed
and avoiding hot spots behind the pedestals 390.
The pedestals 392, 394 of the next two rows 382, 384 are staggered with
relation to each other and with respect to the pedestals 390 of the first row 380.
Thus, there is substantially no straight line passage through the microcircuit 322. As
25  the cooling air passes through their rows, the wakes are reduced for a more uniform
flow distribution.
Advantageously, the positioning of the pedestals 396, as described above,
permits very good metering control of the cooling air as it exits through the
respective exit aperture 52. More specifically, as the cooling air passes through rows
30 382 and 384, the air impinges onto the pedestals 396 and is directed around the

pedestals to exit through the corresponding exit aperture 52. Also, in this way and as

shown by the streamlines, 0, 1, I', the main streamline O provides for uniform flow
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inch. The row 380 encourages | ateral dispersion of the cooling air flow ng
into the mcrocircuit 322. For the identified dinensions above, the
restriction or blockage 25 factor is 52% The next two rows 382 and 384
have pedestals 392, 394, respectively, that are formed substantially as
rounded right rectangular cylinders. Pedestals 392 have a dianeter, D2, of
about 0. 02distrtaition aus facughgthe BRit apértt&meTlﬁhtﬁ)slﬁb&aiynmh s&aaﬂnhnqzsi k dhvpot P2, of

about 0.035 inch th |dent| ied di si ons abov restri.ction or 30
bl ockage ¢ Beropnahg suganminsad: v So xR cgin StspBfine, &Siki’)i‘h”é%&?e 0. 020

inch, a Sﬁ?sq'é?l%odﬁﬁentogho@lﬂofﬁt FluR148id Q&J@ral@nﬂlgﬁeﬂ'\x/]@m the3 cetbr pentt 0. 035

i nch. For the identified dinmensions above, the restriction or blockage
factor is 6@¥espPadiegtedic apdrurg93]. Boavesere lgeld‘@r alt¢ryatofef sgbodiment agiier ed

| ati nd
! her ebobve B 00 s AL B e shgtuss .t sha T RRERCAE M ne 11 ow
velocity, heigal, (R theleddiimesond GROIRSRORGIANG dpBierensd. Aealch, tnst er

coefficient. "Thus, the Concentration of pedestals 394 results in a higher 5
restricti ontrézulines, ahadleyt biecypedms tthé pe@SMls, nare Heeer uwezﬂothrcmgb thasexit ow 386

has two pedestal 5,396 where each pedestal 3 i,5.al i gne ne of the

t wo respgc?P %zt ﬁﬁ%rﬁﬁr%n?ﬁogﬂ%éﬁ%éﬁg@?ﬁ? é%@ﬂ?“ﬂgv@o% Strla’&}? "N&di nal
axis 399 tmaleeeﬁ%&wgsa&dmréta%ét&%gboﬂfd]e&ﬁm%remw%elﬂghsnm fyvealAn396 are
el ongated in shape in the radial direction. Each pedestals 396 has generally

a 10 plotr geolorg and effisetive®ss. ext endi ng out war d towards the respecti ve exit

aperture 52. Each of the_pedes 396 | enerally r.al | ned with
the respective gﬁ‘??’ tﬁlﬁ QEYVelsé%reftS?fl %86‘}(? tl%npfi({?at Je? %dfrélagfl %ﬁ%&flﬁ% t he
| ongi t udi nalstrrme thro 1th@§x1t hRStRABZS Tk s1s638Fs1bt8 FoORE xR ap&RurkHsH is ThUS
the rows 380, 382, 384 and 386 have been descri bed above and now 15 the

benefits aohW@\pechWCCt e the eircwits che 310822 uniform §lm dlankes of thaewtdseantescr i bed.
The first row 38

380 .0 est a Sur39 re s ace1 Apart m anot her, and have a
hape as. dB0Es FBe AR BRVRE R SHEROf S IeRL 4ol Gl L3P AN ¥nbour ages
lateralls disheved PRu theCRAkithlg 396 HréveRIENG strékio: difiRetdli&k agd fHbidh 322.
Also, the %ﬁede?(?tta%lerstures 52 (or 160). Streaking is not advantageous as the corresponding air
jets upon exiting through the exit aperture 52 (or 160) will not provide uniform
coverage of the metal resulting in possible hot spots of the wall 24. The pedestals
396 also serve to minimize the wakes created by the turbulence of the air as it passes
20  through the rows 380, 382, 384. Minimization of the wakes avoids flow
recirculation within the microcircuit 322 and facilitates heat pick-up.
Notably, for enhanced structural integrity of the airfoil, the microcircuits
may be disposed within the wall such that the exit apertures, or slots, are not
collinear.
25 In the exemplary embodiment, there will be a plurality of microcircuits
disposed within the pressure and/or suction sidewalls, 46, 51, respectively. Further,
the inlet apertures 111 (154) of each of the respective microcircuits should be
positioned codirectionally with respect to the counter-rotating circulations caused by
the Coriolis forces on the cooling air flowing through the respective passages 42, 40.
30 In this way, the counter-rotating circulations will be employed to assist in the

ingestion of the cooling air into the inlet apertures 111, 154 and into the

microcircuit 222, 322.
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390 m nimze wake turbul ence. The cooling air flow inpinges onto the side
300 and 20 is forced around the pedestals 390 by the side 302 thereby
reduci ng the wake formed and avoiding hot spots behind the pedestals 390.
The pedestals 392, 394 of the next two rows 382, 384 are staggered with
relation to each other and with respect to the pedestals 390 of the first
row 380. Thus, Thherasentsainegantionh ainisi pabVigesmldiional gloling ianarepathaslgeyethighough t he
m crocircuit 322. 25 the cooling, air passes through their rows, the wakes
e Peducotferdil ind el i FONRR SRR BaTEh s SRRt ho

posi tioni nghRfwdevpadgsbrl s 396, as described above, permts very good

metering control of the cooling air as it exits through the respective exit
aperture 52. MrAdthopghiaf preterteyd, emlsodimentcefothininvantiomphss bsent Hisologéd, rows 30

382 and_384, the_air. inpinges,onto t edestal s 396 and.l.s direct ar ound
the - pedestiarkeres St PRI GaR A bR EEBie T <&t TasuptaPat 5Ly oo
this way aggmaswitihone se¥pd BE tsk rieAHibR e SForOthatl readon, thB&ollBivihgStlaayM i ne 0

provides for uniformflow -12 distribution out through the exit aperture 52.

That is toshkeud be badistite detcimips the tres seope arsk aomenivof thig ineensianeant i nes 1' and
visa versa. The main streamine, O, |like that of the first enbodi nent shown
in Figure 8, is generally aligned with the center of the corresponding exit
aperture 52. However, in the alternative enbodinent, the 5 pedestals 396 are
aligned with the exit aperture 52 such that the majority of the |length, L3,
of the pedestals 396 are exposed to the exit aperture 52. As such, the
stream i nes, as they circunvent the pedestals, are free to exit through the
exit aperture 52. Thus, the orientation of the pedestals 396 permt flow
straightening while ensuring accurate netering control with the result
being an inproved film 10 cooling and effectiveness. Thus, the air flowis
directed around the pedestals 396, and is uniformy distributed through the
exit apertures 52. The use of slots for the exit apertures 52 is now
appreciated. As the air exits the slots, a uniformfilm blanket of the
outer, and nore specifically the pressure and/or suction sidewalls 46, 51,
respectively, is
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15 achi eved. Thus, the pedestals 396 prevent flow streaking or discrete jets
and through the exit apertures 52 (or 160). Streaking is not advantageous
as the corresponding air jets upon exiting through the exit aperture 52 (or
160) will not provide uniform coverage of the netal resulting in possible
hot spots of the wall 24. The pedestals 396 also serve to mnimze the
wakes created by the turbul ence of tCleABMS as it passes 20 through the rows
380, 382, 384. Mnimzation of the wakes avoids flow recirculation within
the mcrocircuit 322 and facilitates heat pick-up. Notably, for enhanced
structural1lntegni&mbﬂkomhﬁgagrfoiI the mcrocircuits nay be di sposed
within the wall suc at the it apertures, or slots, lﬁFnOt col | i near.

25 I'n the exenplRAraie B‘Bgrﬁ‘t‘éh“te ‘Y‘Hé?é’rwltrf“’t'f"%l@dp‘f srctionyWalhgpaced f198) r cui t s

di sposeg WiehdH &hém%@mﬁﬁwﬁe@ Rémaekd @ gp;dewal | s, 46, 51, respectively.
Further, the inlét apertures 1I1 (154) of each of the respective .

mcrocircuits siseeling gannglsformedhstvecsdaiderictiohand pressure walls gad Withg t he
counter - 1 otz eﬁ‘ﬁoﬁ' i catalt@;éhaqﬁeﬁqqctﬁam tehsergamneldh%nﬁar &g seﬂ)etmﬁ'e tCﬁol ing

air flow ng through e respective passages ,
count er - r otcharnngly h@vlnguﬂ frst path wtt:ndlltgfr@ﬁpsay@é)@sq @utat@sqilytamdnthtmh Sarﬂgest i on

of the cool, {lﬁglzg(?v('zgggtsgldagﬁ hrge%nda Stht wn%ﬁur]'lz]:e]tmg%aﬁtha&gd' £ gﬁ

m crocircui e pres I'nvention®hus provi ad%ntl onal
cool i ng0at retnmasg cdrdingHhne bbnlgtmwatdtwdrbhseamﬂ attohdhpath &bmmunesagingamith have

been provide ng aC| an woul.d be desirab Al t hough
a pref erred™ gr‘?ﬁ%‘ﬂ]dn%ﬁﬁ &r‘f’tf‘ﬂné fﬂ)‘%dt%lg 83%@75&%5@%“ Sziud Eas\ﬁbr ker of
ordi nary skaildlfirkt)sédohd and thmbpdtlds dfaeﬁchgnmge gehatallyarapaadtdmmp‘el iaarésens woul d
come within the sc pe of thsmvlrdmtlon Forth rea thelkgﬁldgwng

clains shSEAt@pt teﬁﬁh s e ﬂ@f’?snléa"t‘t&t% a?r?&ac%ﬂt f this
i nvention. sGUARMSr Lideof Rbidl Bist af@MMFd PhtRY beR ﬁdsitfd?ﬂel‘l fh@hp@newrvad Wi th a

Pr essurlg,‘ V\%Lgssﬁggng sﬁcl:Jtﬁ;[nl v?lzrl]lls}/ve?nldl sa? sargz?l(ljerfmdeg]of said first and third paths being
positioned facing the other of said pressure and suction walls, and said larger side of
said second path being positioned facing said other of said pressure and suction
walls, with said smaller side of said second path being positioned facing said one of
said pressure and suction walls;

20 a microcircuit cooling circuit embedded within said airfoil adjacent said
smaller side of one of said first, second, and third paths and between said smaller
side of said one of said first, second, and third paths and a facing one of said
pressure and suction walls, said microcircuit cooling circuit receiving cooling fluid
to provide additional cooling in an area between said smaller side of said one of said

25  first, second, and third paths and said facing one of said pressure walls; and

said microcircuit cooling circuit being smaller in cross-section than said first,
second and third paths, and a plurality of pedestals extending across said

microcircuit cooling circuit.
30 2. The airfoil as set forth in claim 1, wherein said microcircuit cooling circuit

receives said cooling fluid from a source selected from said first, second, and third

paths, and other than said one of said first, second and third paths
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5 each other, said airfoil extending froma base to a tip; cooling channels
formed between said suction and pressure walls and within said airfoil,
sai d cooling channels including a serpentine channel, said serpentine
channel having a first path extending from said base outwardly and through
said airfoil towards said tip, a second path communicating with said first
pat h and 10. r et Thaiairfpicascdet fogthf inwl dmbih ckhetedmaaid nsaiodirbaseqolmgdimuitd rd pat h

Cormar o e e S RESRL B3 B S e SRR A AP Sk
having a general ly trapezoidal shape in cross- section, wth each of said
L] aoc”or ok 3" ARG AR ISR e S Sl bR LS s
pressure apstesds kai@ovld BuiaTbns aid tirmpaier sides of said first and third
pat hs being positioned Tacing the other of said pressure and suction walls,

and said larger side of said second path being positioned facing said other

of said pressurgpangsiy Gt s8N fortin| ainV2l WheRid sSdBhicRsciRLAgs Pbsifighel second
pat h being positioned facing said one of said pressure and suction walls;

20 a m cr obpiwegh said solalleigsids efonaid firshiprill aedisaigl surtiongedlld airfoil adj acent said
smal l er side of one of said first, second, and third paths and between said
smaller side of said one of said first, second, and third paths and a

f aci nglone 6of sdihd ainfeikes setdodhdn slacmiSenwheedih saidsaicbamicoit sodkirgicircwool i ng
circuit receivj.ng.. L f.lul t. rovi additional cooling in an area
bet ween sai%méﬁ%??ggggfﬂgﬂ%g¥§%?%n§%%o§¥p%§id 25 first, second, and third
pat hs and said facing one of said pressure walls; and said mcrocircuit

cooling circuit bein mal | er .in cross-section than said fjrst, second and
TR rd parnds andte BrigRart off Sipdbedia o exbetnin Aol duld Jeivps SR

M croci r cUinticioo@buingoting @ittt thibugh. a gloguliey 6f Senings i edid faiddondloftdari m 1,
wherein_said m crgci rcuit 2)3lool in ‘dCi rcuit  receives said cooling fluid from
a sourd® s&NLOPARdPrIsRvIE Fyads e pravideddmialingnd third paths, and other than
said one of said first, second and third paths 3. The airfoil as set forth
in claim2, wherein said mcrocircuit cooling circuit is positioned between
said smal | 8 si daegirfaihpyses éeghin Paith L avbersia s@idoriefed s a tyggime, blade and

said base is a platform.
20 9. The airfoil as set forth in claim 1, wherein said cooling fluid is air.

10.  The airfoil as set forth in claim 1, wherein a thickness of said microcircuit
cooling circuit measured in a dimension between said smaller side of said one of
said first, second and third paths, and said one of said pressure and suction walls is

25  between approximately 0.012 and 0.025 inch.

11. The airfoil as set forth in claim 1, wherein said microcircuit cooling circuits
include a plurality of discrete microcircuits spaced along a direction extending from
said base toward said tip of said airfoil.

30
12.  The airfoil as set forth in claim 1, wherein said pedestals include a plurality

of distinct shapes.
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4. The airfoil as set forth in claim3, wherein said mcrocircuit cooling
circuit 5 receives said cooling fluid fromsaid third path. 5. The airfoi
as set forth in claim2, wherein said mcrocircuit is positioned between
said smaller side of said first path and said suction wall. 10 6. The
airfoil as set forth in claim5, wherein said mcrocircuit cooling circuit
recei ves sdBd cdbkiangoif haused ftfmthnm slaindl%ewhmdinpsatdmnic?ocif’duﬁ cmbhﬁg)icircuis set
forth in clal 1, fHU|dlIeave .54 rocirc tcoollng

i rui t e noBUBR a2 p Y o B goe” VT sierl REE of Uit

suction andxenédisgfiroen ved basetandpowarddeidfti. m cool ing. 8. The airfoil as set
forth in claim1l, wherein said airfoil is a turbine blade and said base is
a platform 20 9. The airfoil as set forth in claim1l, wherein said cooling
fluid is aiy. 1Ghe Hifoifhd {cPrdriPd 38 fsawmremfelr@w (lfluﬁamsr@ Aidinidd ckness
of said mcrocircuit cooling circuit neasured in a mensi on between said
smal | er si d@ochidgwictbcomeit ofolingaiimuits.r st, second and third paths, and said
one of said pressure and suction walls is 25 between approximtely 0.012
and 0.025 inch. 11. The airfoil as set forth in claiml, wherein said

M croci rcuiys, coaihkengrf6il T&Wet Forth Melcksta B3, Rhbrahi th¥reOdre di §H&ﬁ§t9 dri @fpcircuits
spaced along a direction extending from said base toward said tip of said
airfoil. 30ules fiphesad migbéireust eeting oir¢ditsi n cl aim 1, wherein said pedestals
i ncl udi a plurality of distinct shapes. 13. The airfoil as set forth in
claim 9 wherein said mcrocircuit cooling circuit includes a plurality of
mcrocir CU'IB C0q|h'erb9ff6il Elé?k’éttfénl?mﬁﬁn al Qﬂ&eﬁl LA CoR6HL Sffect SXIsaROfiRPakd oM sai d
base and toward said tip. 14. The airfoil as set forth in claim13,

wher ei n t heélried paths & qmmmafromw Gérigdmi efifecndresasd sdcnnd pathi dithiaqrooary dleivt cool i ng

i its. f t
ol ural ity SrecitiRuheR ol teck Pk Peto SugdiBhG s ol nfadt © °
said first, second and third paths.
15
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10 16. The airfoil as set forth in claim1l, wherein a Coriolis effect on
said first and third paths is distinct froma Coriolis effect on said
second path, with a primary flow direction due to the Coriolis effect being
directed against said |arger sides of each of said first, second and third
paths. 15 17. A turbine bl ade conprising: an airfoil extending outwardly of
a pl at f orml7sai o\ mirbihebladbedmprisiog:ved with a pressure wall and a suction
wal | spaced from each other; cooli hannegl s forned.between said.suction
and pressure wall SgiePRdis oveadly of Anfatm, sad ftoibhng GorRd R &

i ncludi ng ?re%ﬁlr@%ﬂl'dﬂ@ aCsNaidlevall SpHceld Br8RP&Rh biRr; channel having a first path
extending fromsaid platformoutwardly of said platform and through said

airfoil, a secondolpg ¢hapuetsriprimedtberviconisald sigiien nd presgyag Walmand pathuy ni ng
cooling.flui.d back toward.sai d platfgrm and a thir ath_conmuni cati ng

W ih serd SedaRBopatR She ot trRrRnabBhe et st e dR iRy T om
sai d 10 pl @hddreNhaved 8 firdtipath exd@famdframcaidplag@od@bhisyaidyiofgaid danahal |y
trapezoi dal shape in cross-section, with each of said tratgzzoi dal shapes

defini ng aandrbenghkisdid ain@ilaa speand @ethsperamusigpidng ayithepaidifarst path and d fir st
d third 5 bej it faci. i d | said | |
e ot A Sl RY Hh P RSP o E3RHA Bt AR T

wal |, and saihdsdi@ks@ohd Padeatd ret@inthgseping fRad Badle by atdiy powiyt fremedid aci ng
said suction wall, with said smaller side of said second path being
posi t i d%ed Plasfermgsaidifigstppesend aad wRird pathh Hawngriacgeeiatly (irapeeiddli shgpe ity cui t

oS! U1 oned RELUESASAifh BLGSSHLA L, A0 S3hdL. (STRLLSY | Shdiosl gl second

path, said mcrocirturt cooling circu recetving cooling ui 0 provide

addi ti onal s dige,isaidanr@r saleb&if wenfisanst sl pLhs beéidg pokitivatd fathgecond
path and said pressure wall, said mcrocircuit cooling circuit receiving
said cool s#6 Presiuge frdmandesaidt samiler sidestofappd ¢ fist dmgatthrrsi, Ptk beangd

1512 UgRRLd Mg LMo NGBt B R B o8 UL 12
provi de5fi posidowdd faging Saidduttiar @allrwith taid smaller side of said second path being
positioned facing said pressure wall; and
a microcircuit cooling circuit positioned between said pressure wall and said
smaller side of said second path, said microcircuit cooling circuit receiving cooling
fluid to provide additional cooling in an area between said smaller side of said
20  second path and said pressure wall, said microcircuit cooling circuit receiving said
cooling fluid from one of said first and third paths, and said microcircuit cooling
circuit communicating with a plurality of openings in said pressure wall to pass said
cooling fluid onto said pressure wall to provide film cooling, said microcircuit
cooling circuit being smaller in cross-section than said first, second and third paths.
25

18. The turbine blade as recited in claim 17, wherein said microcircuit cooling

circuit receives cooling fluid from said third path.
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cooling circuit being smaller in cross-section than said first, second and
third paths. 25 18. The turbine blade as recited in claim17, wherein said
mcrocircuit cooling circuit receives cooling fluid fromsaid third path.
19. A gas turbine engine conprising: a fan; a conpressor; a conbustion
section; and 5 a turbine having rotor blades, and vanes, at |east one of

sai d rotor 1Bl adesg@rdrbiagrgincavagprisengi ng an airfoil with a base and a tip,
and said airfoil extending between a suction wall and a pressure wall, and
cool i ng channel & i mred between said suction and pressure walls and within
said airfoil, S%ic@nﬁ)‘?&k&ﬂ?g channel s including a serpentine channel, said
serpentine channel having a first path extending outwardly 10 away from sai d
base and t hr ough cemibdstaim feofidn;taodar ds said tip, a second path conmunicating

ith sapd first h and.returni ling fluid b t. d said , and
o i T dSpat h commmavitE WP e drdeiiky ablint cBRa! sububier Aickoe g
fluid back sﬁlﬁt\)ﬁ/ﬁés‘iﬂa)(/irﬁ%’\@ﬁ/aiﬁ‘bﬂfﬂiﬁﬁé Fastaf@ a tip2hll {did alrfoilSEHIhGRawed rd pat hs

each having a generally trapezoidal shape in section, with each said
t r apezoi dala sistipe 81 ded ianpregsue |vealyemds¢atding nehanngdsrfbineed deideeenswidl | ar ger

si des of sai cl.fi rst and théill d_pat S %@i rillg i?o%igitio%rﬁedc aci rl%g.noln?inof sai d
pressure afgc'y c .cﬂ‘fe%ﬁ‘gl sy SR 4 ?’ssi e C1gE CAAMFIF NS, énad third
pat hs bei ngepesirde Qagaklf a6d B&pehtmethifie] Bhvifiackilf FR EkRnah@ outwsdldlypn wal | s,
and said | arger side of said second path being positioned facing said other

of sai dOpr eweyrisomnthid hasd @nd vihidugh sgid hirkal dgowards Iseid spde ssfcosdipdtisecond
path 20 bein osi t.ioned f agi said one of. sai d..pressure .and syction walls,
a mcroci _r((fﬁ\%frﬁmé Bg a8 i fﬁ}gt B%!"cﬁn iﬁﬁ%\gp@gac&ogg%ﬁfm (,Ba%k ST eﬁa“gi de of
one of sai Gadd, afd a thRE Path comdMenichingldwRAtshR REShOPIWERA Eirting EBbI si de of
said one of said first, second, and third paths and a facing one of said

pressure ahdidbaak euiwaedly away dram shic base.r id firstcsespndgnaithiedipathg ¢adi vi ng
Cool 119 11 g % BB BRI O SRR P B B FrBEAE AL

15  defining a larger side and a smaller side, said larger sides of said first and third paths

being positioned facing one of said pressure and suction walls and said smaller sides

of said first and third paths being positioned facing the other of said pressure and

suction walls, and said larger side of said second path being positioned facing said

other of said pressure and suction walls, with said smaller side of said second path

20  being positioned facing said one of said pressure and suction walls, a microcircuit

embedded within said airfoil adjacent said smaller side of one of said first, second,

and third paths and between said smaller side of said one of said first, second, and

third paths and a facing one of said pressure and suction walls, said microcircuit

cooling circuit receiving cooling fluid to provide additional cooling in an area

25  between said smaller side of said one of said first, second, and third paths and said

pressure wall.
20. The gas turbine engine as set forth in claim 19, wherein said microcircuit

cooling circuit receives said cooling fluid from a source selected from said first,

30  second, and third paths, and other than said one of said first, second and third paths
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pressure wall. 20. The gas turbine engine as set forth in claim19, wherein
said mcrocircuit cooling circuit receives said cooling fluid froma source
selected fromsaid first, 30 second, and third paths, and other than said
one of said first, second and third paths -19 21. The gas turbi ne engi ne as
set forth in claim19, wherein said mcrocircuit <cooling circuit is

posi ti oned 2bet wihe gaaitdrbsmentigime 83 ek fofth Smicthisetd ndhgreinhsazhthis@acidcuisuct i on
wal |l . 5 22. The gas.turbine engine as.set forth in claim?2l, wherein said
G oot 1 oo eorDaned Rasb sy ed Shplesith o™ RePnd PRTATIAA b r
path. 23. Th&i@asalf urbi ne engine as set forth in claim 19, wherein said
mcrocircuit 1s positioned between said snaller side of said first path and

said suction wall. 10 24. The gas turbine engine as set forth in claim23,
wherei n_sai,d m ¢rocircuit cooling circpi.t receives said cool.ing fl.uid from
eai o seSond pat ness MrinegiETed, P doBhgh ALECA L P, i Mgt

wherei n Sa'cQolﬂ{geci&iliﬁ@de‘ijvers@Eigrcoolll%]ﬂhi@(fﬁﬁn and tsiad phtvanes is a rotor bl ade
and said base is a platform 26. e gas turbine engine as set forth in

claim19, wherein a thickness of said mcrocircuit cooling circuit neasured
in a dinen 'éon t ween Fs)ai d smal |l er t(s&)iﬁge oi%ﬁpslad' d.one of. said fi r§t second
and third %ths, 5rdS SUPHe sRgnG s $55 9B 1 Slaimet®, dercip SUd pICRr AT IS i s

bet ween appbaKbRERE e GiPsrAdlfér 9ide dB sdid tist paik andiGidIRESHHRILNE engi ne as

set forth in claim19, wherein said mcrocircuit cooling circuits include a
plural ilfy of discrete microcircuits spaced along a direction extending from

id platf t d said tip.of said ajrfoil. 28 The. t ur bi. i
2o sef for oA | n idrm g e mid o S Tathanclem & Pherlae SRrHARILy or°
di stinct shap@ss cikfit rddedvedd8idtcdblindBuidTeinMeaidSedw@ll ph@ th in cl ai m 28,

wherein said mcrocircuit 30 cooling circuit includes a plurality of
mcrocircuit cooling circuits spaced along a

25.  The gas turbine engine as set forth in claim 19, wherein said one of said rotor

15  blades and said vanes is a rotor blade and said base is a platform.

26.  The gas turbine engine as set forth in claim 19, wherein a thickness of said
microcircuit cooling circuit measured in a dimension between said smaller side of
said one of said first, second and third paths, and said one of said pressure and

20  suction walls is between approximately 0.012 and 0.025 inch.

27.  The gas turbine engine as set forth in claim 19, wherein said microcircuit
cooling circuits include a plurality of discrete microcircuits spaced along a direction
extending from said platform toward said tip of said airfoil.

25
28.  The gas turbine engine as set forth in claim 19, wherein said pedestals

include a plurality of distinct shapes.
29.  The gas turbine engine as set forth in claim 28, wherein said microcircuit

30  cooling circuit includes a plurality of microcircuit cooling circuits spaced along a

direction extending from said base and toward said tip.
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direction extending fromsaid base and toward said tip. -20 30. The gas
turbine engine as set forth in claim?29, wherein there are a plurality of
said inlets into said mcrocircuit cooling circuits. 31. The gas turbine
engine as set forth in claim?29, wherein there are a plurality 5 of said
outlets fromsaid mcrocircuit cooling circuits. 32. The gas turbine engine
as set fort3.in TheagamtuirBinevdngineias sat {oothiinlclameX) edieredm thes@b o plustlitand t hird
paths is distinct froma Coriolis effect on said second path, with a

primary fl QhSYPARERIYR saidemicercinqrit e391ng GICUs f ect bei ng direct ed agai nst

said larger 10 sides of each of said first, second and third paths.

31.  The gas turbine engine as set forth in claim 29, wherein there are a plurality

5  of said outlets from said microcircuit cooling circuits.

32.  The gas turbine engine as set forth in claim 19, wherein a Coriolis effect on
said first and third paths is distinct from a Coriolis effect on said second path, with a
primary flow direction due to the Coriolis effect being directed against said larger

10  sides of each of said first, second and third paths.
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