6 FEBRUARY 2007 M CROCI RCUI T Al RFO L MAI NBODY [ 001] Thg g§¥§kgg§@b may have
rights in this invention, pursuant to Contract Nunber ¥ -2202,
awarded by the United States Air Force, Wight Patterson Air Force Base.
BACKGROUND OF THE | NVENTI ON [002] This invention relates to gas turbines
engines in general, and to an inproved cooling schene for airfoils. [003]
Efficiency is a primary concern in the design of any gas turbine engine.

Hi storically, one of the principle techniques for increasing efficiency has

been to increase the gas MWHtROCIRGHEF MBFOIL MAKYBODYe engine. Using

internally cool ed conponents made from high tenperature capacity alloys has
accommdapﬁﬁ] “Pﬁe ﬁf'rﬂ 'JFﬂgﬁ}E H (6 invERtid, g@rséén'flio%ontr\éﬁ w@pd bl ades,
for exanple, are |ca y "c00 usi ng conpressor alr wrked to a higher
pressur e, FB3G154R2+C 22@1; awardediey the Enjet States AirtHoeoe, Wimght RefitetsbeAodiomegas f | ow
passi ng b¥?the bl ade or the vane. It will be understood that conpressor

bl eed ai r “fof such cooling will be unavailable to support conbustion in the
conmbustor. The higher pressure provides the energy necessary to push the
air through th gﬁﬁﬁﬁ J ifi ant percentage of the work inparted to
the air M& g’ tﬁﬁﬁ@? wever, is lost during the cooling
process. T(hﬁg | DRk inVeitlonFI8Ss topat nﬂqﬁlesteﬁguhaqn tgbrierA ! andfto A BnfRH\@ U REoIRRd
negatively effects the overall efficiency of the engine. A person of skil
in the arschgmeforaigQilini ze therefore, that there is a tension between the
efficiency gained from higher core gas path tenperatures and the concom tant
need to cool turbine conponents and the efficiency lost from bleeding air
to perf or iR03haEffisisnty ing priflaey epncdrg in the deskadiofighy gasgurbie eva'hfuelﬁswrimibm m zi ng
the cool i Vv sed. T nlnlnlze
a y sacri ??% ] tlfxt%,] Sljén;égﬁé/ tea'{mcw??‘%o? m%reaglg%yf ?gn nl%l\s/ Ig? n tg 1r}crc[ase ttﬂ%I Eas CPO

airfl ow tmenmemnneatwnmmﬂleshgmﬂ Uamg/mteu:mﬂiyeodled canminemgmlaﬂeaﬁlm highd vanes nmust
optim ze onpres eed cpolin 004 Prior art
obol abi o Lt corgtfiyshes AESEREOoR R o St Grinhinfise TahgIeate o of

i nternal vemyihd lﬁSdesVﬂ'Gt &amplefars t@ﬁﬂail?dodl\édd”smg%hipf@soﬁllai’r worled t6 @Righétg ai r
passes through g of the airfoil (aor, the platfornm) and transfers

thermal e REPTYE: QRSP P%)lr?u“ieh@m&f”ﬁf“fﬁ than thatygf the fogr-gas dlowmissingyibs blagde 9fhi ch t he
cool i ng aite VAAS SIEWill BY 1ideiRtob thabddifppdskor'Whdel air $orGltt EdoRhg Wil bdha®difablel ency

to support combustion in the combustor. The higher pressure provides the energy necessary

to push the air through the component. A significant percentage of the work imparted to the
air bled from the compressor, however, is lost during the coeling process. The lost work does
not add to the thrust of the engine and negatively effects the overall efficiency of the engine.
A person of skill in the art will recognize therefore, that there is a tension between the
efficiency gained from higher core gas path temperatures and the concomitant need to ¢ool

) turbine components and the efficiency lost from bleeding air to perform that cooling. There
is, accordingly, great value in maximizing the cooling efficiency of whatever cooling air is
used. Thus, to minimize any sacrifice in engine performance due to unavailability of cooling
airflow to support combustion, any scheme for cooling blades and vanes must optimize the

utilization of compressor bleed cooling air.

[004] Prior art coolable airfoils, as shown in FIG. 13, typically include a plurality of internal
cavities, which are supplied with cooling air. The cooling air passes through the wall of the
airfoil (or the platform) and transfers thermal energy away from the airfoil in the process.

The manner in which the cooling air passes through the airfoil wall is critical to the efficiency
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EH 10956 1 6 FEBRUARY 2007 of the process. In sone ins ing air
I s passed through straight or diffused cooling apert uré%%%ﬁg@kt ively
cool the wall and establish an external filmof cooling air. A mninmal
pressure drop is typically required across these cooling apertures to
mnimze the amunt of cooling air that is imediately lost to the
free-stream hot core gas passing by the airfoil. The mnimal pressure drop
i s usual I%ftlierfﬁl‘ifé%dmtSHWBWjﬁ“‘é‘?S’rﬂOB’P}ﬂ 3it; iy pesedthiqueh gtaight opdigfusedigeoling f oj |
connect edap@uures i%lcuﬁ@échba{y eéol HRiwalllah@edt18% an Q&G Thlof Bodlin@agume drop across
the airfoil can result in undesirable hot-core gas in-flow. In all
cases, t helnrmailpmaiur@lmplls typicahty reqiineh acresschesa goaling mperiugesgde migiimizeghe t he si ze

of the Cea(}l{ldugﬁﬁ%gﬁlug‘f‘ fmﬁ'%ﬁﬁn%cﬂltégo%&% ol freecsHdi S5b! bfe §a§g)'a%s§%nt{ﬁﬁeat | vel y

i neffici e cause o ective cooling can I'n poor
fi | m charaxoier Tietmhingmal prashunsdrop &pphdllygroduwad thtdulgh zplmgplmy ofomalitingwathin filmto

Cool i ng AoHEeR ek ted b » BB ETa R arnaroleSof FRPall § FEUG R DM t no

surface ofirféin@alednl reéuliGih @AGRBabld oot bdte oy ififlow. ah all R&ses @ midgmaRElellnsul at es
the wall fromthe _passing hot core gas, A person of skill in the art will
r ecogni zeMHBBR,RA0!NE ARRIIUFS a8 el b he ﬁ'ge phthe a?qlms@mrfurq wakes thip e T and

mai nt ai n doﬂvéchee&dahhgl-&m ve§MEEQaENt of a gas turbine. In npbst cases, air
for filmcooling is bled out of cooling apertures extending through the

wall. The term"bled" reflects the small difference in pressure notivating

the ool | @gs1aidneRblsc e irehiEorve eéﬁ{ng%n 6eRblubd/inYoot fith AfabfBhilics R Lhe

probl ens ‘assocl at e usin rtures to a coolingair filmis
t he fil mappkatiens utilizing atooolprrgemsﬁlmc dd)dlfaevaﬂndh)mﬂomsnanlyeaap,etnsuaambleToo
great a pres di e _acr n ap |r to jet out
into the ‘83%‘§?L1‘r§§ flgmorc 8&"1&5 PB At smﬁfﬁn%a@ ﬁo?lﬁg afxotf ulﬂgo °r{§f a filmof
cool i ng ajutfaceladoheswall incr@ages the anif@miky fof ereeaclmgamhdsulﬁes tHetwallrfrmgiel gi bl e

hot core gas.

cooling airflow through the apertur rse,, an in-flo

ot oas cRevine b O Bae 4 Bsors ekl Bieaf v ll Y Dbies Brudier. ot SPREPSIREID om
associ at ediffisuult bo estibiistiandR@diithin @Stht QurBdm Bhvifmehd dPaGaOtktige. i 6 nidiat cool i ng
air is dispensed fromdiscrete points, rather than al ong a conti nuous |ine.

The gaps 9&essvitiefer fila C%@Bt‘iﬁ“&o“tQWOBF%%“PW%&F%% tyroua thestalledbeof those
gaps, —ar Ge&X ANSP deflcdes (RS sndiQfitrirBide i re§snx%nn&fv§n$m %Hfr%ﬁt SHigk the spaces

I mredi atel y downstream of the apertures, are t erefore nore susceptible
to ther rnnfermdbepvitriaf thenirfoil. One of the problems assoc1ated with using apertures to establish

a cooling air film is the film’s sensitivity to pressure difference across the apertures. Too
great a pressure difference across an aperture will cause the air to jet out into the passing core
gas rather than aid in the formation of a film of cooling air. Too small a pressure difference
will result in negligible cooling airflow through the aperture, or worse, an in-flow of hot core
) gas. Both cases adversely affect film cooling effectiveness. Another problem associated with
using’ apertures to establish film cooling is that cooling air is dispensed from discrete points,
rather than along a continuous line. The gaps between the apertures, and areas immediately
downstream of those gaps, are exposed to less cooling air than are the apertures and the
spaces immediately downstream of the apertures, and are therefore more susceptible to

thermal degradation.

[006] Turbine engine blade designers and engineers are constantly striving to develop more
efficient ways of cooling airfoils to prolong life of the airfoils and reduce engine operating
cost. Cooling air used to accomplish this is expensive in terms of overall fuel consumption.

Thus, more effective and efficient use of available cooling air in carrying out cooling of
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[ 006] Turbi ne engi ne bl ade designers and engi neers are rﬁ%ﬁﬁﬁ(ﬁ striving
to develop nore efficient ways of cooling airfoils to pro ong’HﬁPe of the

airfoils and reduce engine operating cost. Cooling air used to acconplish
this is expensive in terns of overall fuel consunption. Thus, nore
effective and efficient use of available cooling air in carrying out cooling
of EH 10956 2 6 FEBRUARY 2007 turbine airfoils is desirable not only to
prol ong twrbimeradridgilsasidesirale ndywnlyab poleng tunne dlade lifecbut elfé tocimpneve thd t he engi ne

1, b in| i i ) i . Co I h
e

ef f ecti vethaeds a &ntindging idedus the @ft faradobhdyd desiza dhat Wil Make mo@ effactperandcul ar, to
i rature ar decrease the cooling flow required

i ncrease the rotor_in] t efrpe )

for the sHfgcRoEHP! E}le%ﬁe &Oeﬁ&s%wrle PG RYIERASE RIPERIPT BHEL [ DEPPI2 e pr esent
i nvent i onoRe@¥hdefe RoMENGH teqtidd fof B8 kirdrot HieRh#M P! oys a new and
effective approach to cool a wall exposed to a high tenperature environnent

that requires cooling. In the exenplary enbodiment, the wall cooled is in a

gas turbimﬂh@%ﬁqﬁvmowarticul arly the wall is an airfoil wall. In

particul ar, the present iInvention provides an advantage over the prior art
cool i ng sl®AdrEReipresettanvention prevides\agnictogirgateoheg gktemahgsemplays @ naw and he wal |,
| ess cool coppressor, air is_ requir e conpressor bl e flowresults in
the. addi STHG SR ssel SyAEHgbiedh s bR Ll RLE BN Hon PO PPt el cF ency.

[ 008] Thecooting.i Inghecéxemplaty enaditheiie nie will ¢dokedps et tirbiveedgimeandsndé sposed
within a first wall ortiopn. .an second Il portion of g wall suitable
for use i PRTRC gt{‘%\"ﬂrﬁé‘“é lr’(‘é"ﬁ]1 %ﬁga_‘mﬁlg%ﬂ %ﬁgﬁreé%t H’_tYF'E“anPE‘P‘G@Fésa_na plurality
of inlet aReithsd &er Bk pAGSLobIng RRerhds!is that\@d AchiR0é tHe Qi RetaPtepefifurdar | OW
path of cooli ngl air into the cooling circuit, a first exit slot disposed in

1'F

the secohtl Wai IpssseplcomRTesr ir dnpaiired: bewsicrmpressor bieebpwy sashltoigttheof t he

cool i ng Czicfdﬁféinﬁl’ad_aar@algéB@FlioW&ir%fa_n iReSeSindldinlktagesl 1 n rows extending within
the between the first wall portion and the second “wall portion and a first

el ongat ed pedestal disposed radially and extendi ng between the first and

pedost al Q008 g 8Os bRt i SPRERERErR ENERIR s ipRE AR Con 11e
present iporgot dandra secomd s portion@f & el atitahiz! for Usavn mgpsaurbineesginevalhe porti on and

a second c‘:’o@)lilllg 89crugtii1?cli]udesc.) ia Bﬁl(rjalittyo 1£lgte prnl?rgs gii?pgo%gﬂglthect%\s/ti »E'z}/ll éor}Eign é/gh I ch
provide a flow path of cooling air into the cooling circuit, a first exit slot disposed in the
second wall portion to provide a cooling air flow path out of the cooling circuit, a plurality of
pedestals arranged in rows extending within the between the first wall portion and the second
wall portion and a first elongated pedestal disposed radially and extending between the first
and second wall portions. The first elongated pedestal is positioned between the pedestals

and the first exit slot.

[009] An airfoil embodiment of the present invention includes an external wall having a
first wall portion and a second wall portion joined together, an internal cavity into which
cooling air is flowable from an end of the airfoil and further including the cooling circuit,
according to the cooling circuit embodiment, disposed between the first and second wall

portions.

BRIEF DESCRIPTION OF THE DRAWINGS
[010] The present invention will now be described, by way of example, with reference to

the accompanying drawings in which:
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cooling air is flowable froman end of the airfoil and { r.,nel.uding the
cooling circuit, according to the cooling circuit enboﬁ?%ﬁﬁ‘,mg?@ osed
between the first and second wall portions. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 010] The present invention will now be described, by way of
exanple, with reference to the acconpanying drawi ngs in which: EH 10956 3 6
FEBRUARY 2007 [01l1]] FIG1 is a sinplified cross-sectional view of a gas
turbine engine; [012] FIG 2 is a diagramatic view of a turbine bl ade that

i ncl udes i Iy I - ralii f at.. i nvention

m crocir ciﬁlg (%ﬁ @'65%%%]%561% C\?O/aslsjl%%lfo ﬁ%lﬁse%a&raf%?ﬁrgﬁg%ﬁgfﬁ%l G 3 is an enlarged
di agrammatic view of an enbodi nent of the mcrocircuit cooling schene of

t he prese in tjon;,.[014] FI G i.s,an | ar ged di agra i c.view of an
al ternati \%lié n%g(g‘ijrféﬁtd‘a%fa“t"}?é‘c Viﬁwccﬁ(?ct\"tbﬂ’ﬁib aﬁﬁ gﬁ?l“ﬁ]é‘g?@%éﬁggﬁé’ofﬂ‘é 4r esent

i nvent i on;plrflitH bf thk Gresént liffeidhmPisc Rt dRPesed W £¥a1Pf thé@rfaily foi | of FIG 2
taken along 5-5 of FIG 2; [016] FIG 6 I1s a partial cross-sectional view

of the airfoil blade depicted in FIG 5 where the direction of the air flow

t hrough t Ok b L ; i eed trip and
i nlet ape:E ?lujr]egkdt} %ts Q?i@%gfdh%égﬁ]&g%ggéi {r’l)é{ﬁtafl gﬂ‘%ﬁhﬁg&\}\gfﬁﬂé‘g}ﬁ g[to ﬁgugi rfoil;

[017] FI Geoqlingschemraafithepreseniggeentiest i onal vi ew of the airfoil bl ade depicted
in FIG 5 where the direction of the air flow through the cooling passage
is radially inward and showing a feed trip and inlet apertures that feed

t he m cr od0Y4JuiFiG. 4 is ab brdanged diagrhminhtc wew bban altehiali8¢ erhibddiméntioftha parti al

cross-secti.onal vti evxiéof Elhe cfchﬁl i n% 'tpas&?ge in FIG 6 taken along 8- 8 of
FIG 6 shdWFE TSP LTI FETR PO PY the inlet apertures; [019] FIG
9 is a partial cross-sectional view of the cooling passage in FIG 6 taken
along 9- 9 of FIG_6 where the feed trip_and _inlet apertures_are shown on
the sucti Wi §lke if 2 Grost-prstiond] yiewiof thepagstosh of Fille 2 tplsen dlong 152 pEFIG: 25
cross-sectional view of the cooling passage in FIG 7 taken along 10-10 of

FIG 7 showing the feed trip in relation to the inlet apertures; EH 10956 4
[016] FIG. 6 is a partial cross-sectional view of the airfoil blade depicted in FIG. 5 where

the direction of the air flow through the cooling passage is radially outward and showing a

feed trip and inlet apertures that feed the microcircuits in the wall of the airfoil;

[017] FIG. 7 is a partial cross-sectional view of the airfoil blade depicted in FIG. 5 where
the direction of the air flow through the cooling passage is radially inward and showing a

feed trip and inlet apertures that feed the microcircuits in the wall of the airfoil;

[018] FIG. 8 is a partial cross-sectional view of the cooling passage in FIG. 6 taken along 8-

8 of FIG. 6 showing the feed trip in relation to the inlet apertures;
[019] FIG. 9 is a partial cross-sectional view of the cooling passage in FIG. 6 taken along 9-
9 of FIG. 6 where the feed trip and inlet apertures are shown on the suction sidewall of the

airfoil;

[020] FIG. 10 is a partial cross-sectional view of the cooling passage in FIG. 7 taken along

10-10 of FIG. 7 showing the feed trip in relation to the inlet apertures;
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6 FEBRUARY 2007 [021] FIG 11 is a partial cross-secti [ t he
cooling passage in FIG 7 taken along 11-11 of FIG 7 gﬁgbgﬁ?ﬁwzwged trip
and inlet apertures are shown on the suction sidewall of the airfoil; [022]
FIG 12 is a plot of cooling effectiveness vs. the required bl ade cooling
flow for the airfoil of the present invention as showmn in FIG 4 and a
conventionally cooled airfoil as shown in the followng FIG 13; and [023]
FIG 13 i §02d] pFiGod 1 srapartish creprt-seoterial yiew ebthe doelingfpesspge inBEG AT takeeD BEGCRI PTI ON
OF THE | I 0
i ncl udes N;AEPZn% 9@4%@?%%&&5%@9&&%&; a%céun%suaé%br %éﬁl%@{ fﬁ%“%ﬁ 0gmd a
nozzl e 20thelairfaihd aft of t he conbustor 16, nost corrponents exposed to core
gas are cool ed because of the extrene high tenperature of the core gas. The
initial rotor stages and stator vane stages within the turbine 18, for

exanpl e, @022] CPIW. 82isuSHIRDS 6k ieffectiveniesDVse the @ duirkd Bla8OLAMIRE HOW fdrdhadl a
pressure hlﬁgher and tenperature | ower_than the core assing through the

tur bi ne 18t O#Wéﬂﬁ?éesﬁﬁt“ﬁ%t‘%tswlbp Hed a‘lflai@n’f’%‘rnop?}lg'lfé’f’ deirpd 2s pur poses
only and igwigh a tbildWihgFicPm;@hdt he i nstant invention which may be enpl oyed
on gas turbines used for electrical power generation and aircraft. [025]
Referring to FIG 2, a diagrammatic view of a turbine blade 27 having an
airfoil 2 t resent invention mcrocircuits
(cooling @eri I;Gs 19%5%2%‘2%@3%@51529/?@%“% }gf the airfoil 26 is shown. The
bl ade 27 is cast with an internal cavity (cavity) 32 located within the
airfoil 26. The blade 27 is disposed radially above a fir tree 31 and havi ng
a pressurBIHrAm\miDESGRmTH(H\IGNICrHEﬂNS’MHJ@N 30. The SI dewal | s 28, 30 are

joined to e teleadln dtral edges. 34, 36,
respecti vg‘ﬁﬁ Q?faam@ﬁf%]rﬂgisrﬁ ‘H%\F'fg;‘i"eo]ro g“r“é‘gf aifan,1 2&?6 Bre 586{4338 wher e
the ai rfObbmaﬁtmeta&mmeuetaﬁ&a abzzR 20, fron@afAQf tHe cBmbhdlordid, hb@tcompmeh@ses t he
airfoil 26. The internal cavity 32 may be of any conventi onal nh
€portion

mul ti - pas §Xposest g SaeigABATE ﬁ%ﬂwehegausm %\e e@zﬂmedggfaqemperwrec%ﬂ th%/c%“égaﬁg
of the ai Iim@ehe&orfsrtégea Ma%tat&qm&a?gépwﬂlﬁ thethBinel)s, fbfrem?pléragé BledBsing! G 1) .

Preferably, the airfoil 26 has a plurality of 1nternal passages (passages)
32a-e. Th eoqi@g giadled of2he eompressorogit & pEehsyEd higheg ayb@sregrawet l@weagpratb_e nt _
passages Lol GLOANNGChRfle hedbind s 2rnd GRS u SPRkh LPRIRY ifroP ABERE NS cOO! T ng

circult.

purposes only and is not a limitation of the instant invention which may be employed on gas

turbines used for electrical power generation and aircraft.

[025] Referring to FIG. 2, a diagrammatic view of a turbine blade 27 having an airfoil 26
that includes a plurality of the present invention microcircuits (cooling circuits) 22 disposed
in a wall 24 of the airfoil 26 is shown. The blade 27 is cast with an internal cavity (cavity) 32
located within the airfoil 26. The blade 27 is disposed radially above a fir tree 31 and having
a pressure sidewall 28 and a suction sidewall 30. The sidewalls 28, 30 are joined together at
axially opposite leading and trailing edges 34, 36, respectively, and extend longitudinally or
radially from a root 38 where the airfoil 26 meets an integral platform 40 to a tip 42 that
encloses the airfoil 26. The internal cavity 32 may be of any conventional form, multi-pass
serpentine channels, with cooling air typically being a portion of the air bled from the
compressor 14 (FIG. 1) of the engine 10 (FIG. 1). Preferably, the airfoil 26 has a plurality of
internal passages (passages) 32a-e. The passages 32a-e are longitudinally disposed with

adjacent passages interconnected to define at least a portion of a serpentine cooling circuit. It
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6 FEBRUARY 2007 can be noted that each of the passages 32a-e has a uni que
cross section, although the cross section of such coolﬁilﬂ’qd“ﬁﬂJ a&? 5 may have
any shape. [026] For purposes of giving a detail ed exanple, the present
invention mcrocircuit 22 will be described herein as being disposed within
the wall 24 exposed to core gas flow, G on one side and cooling air on the
other side, such as in the airfoil_ 26 of the turbine blade 27 showmm in FIG
2. I n thi scapdy notedhthargagh ecthe passasss 322-a hagp ynighe eieesetionedlthoggh the etost he wal |
24 to the | d WL Al jhvention mcrocircuits 22 however
are not Iisrer=1&?)gl f?gch?ﬁ%‘l{gﬁgggagﬁsg%gsﬁgﬁﬁﬁggﬁebe used in other walls (e.g.,
conbustors and conbustor |iners, augnentor |iners, nozzles, platforns,

bl ade seal vahes. rotor .blades,. etc.) .exposed to a high te r,at ure

o ronmer D200 puugliet Stedngf iegtede Gt LR ent Bvitoty BT WG 3 (e
M Croci r cuetdegotibed hdrein@s baitig disgosell wietimthe adll 2B lefoposdd td oréghs EdWaGYetlons ew of
one of the present_inventjon mcrocircuit cogljng scheme. Mcrocircuits

of fer tai | YfeARA&o0lifegH o8 ShRAURTiSite suflt3sdn @ﬁév?%%ﬁgcrfﬁbé tuglinsrRiadgi 2 1wy h
convect i vengidi £ RRGY wa it nfeldciRgh D2 ehisy® BRSSal ehelz§ Hohd GE whDh4 @ nadvanced
cooling configuration.” FIG 2 illustrates the mcrocircuit 22 of the
present i ripeling dh(airhathepresentdpysationamicrasirgwits 24diowe et agsfnof hmited tofterbine26 .

M crocircu j erw kL b In a

or of or e s S cate URgith DA @it 4 B¢ tors iRl Bl Rofte SupBbhor 2, 21
forns and lewcapsaslestpiadforms, tblade gralst vamed, thtqrrblagles, et )oaposed tp a ISely termgeraneé r act or y
net al s inecl uglliln tﬁ%@%bqeg%n&(“l\m) and Tungsten (W have nelting points that
are in exces¥y ypl U ﬁ'ng t enperatures of nickel based superall oys.
These refractory netals can be produced in wought thin sheet or forns in

sizes nec r 0.make c I channel.s .characteristic Qf tho ound in
tur bi ne aﬁﬁiﬁo%%“%@ﬂﬁhﬁr‘%@%ﬁ@m‘gﬁ‘éa“ftizg%‘ﬁg’? EEH‘SWg dﬁ‘i“ﬁ"r‘ﬁ?ﬂ&cgi ts may
be fabri catefledlived Aaw bSone W theirétgnt ihtidhOhickdcirt dieébolifg schembust or i ners,

t ur bi ne vanes, .turbi ne bl ades, turbine shrouds, vane endwalls, and airfoil

edges. Pr S¥lsregieyits ofter aorgbles higtsanvecvsefficiereysopling rAlppg wHbhighof ni ckel

based al | %ﬁv&:’fiv&&ﬁ@ikﬁcypﬁigﬁ@lrﬁ‘lﬂ*fé?:lﬁene;;hg Rquir& fofkrt fivindZBL&lingheet s and foils
possess enough ductilify to allow bending and formng into conplex shapes.

The duct i |donfigyratéind £1G. % iblysreates chegnigreciceniraXd| of thefpresanhinvention thavwaxi ng/ shel | i ng
chorm cal oS h W I iR VEERBeR T SRR or PHENGS L OLTTG s
cavity formolded whigin mipant.oi a prefietred@nbodiment, the microcircuits are formed of refractory

metals forms and encapsulated in the part mold prior to casting. Several refractory metals

including molybdenum (Mo) and Tungsten (W) have melting points that are in excess of

typical casting temperatures of nickel based superalloys. These refractory metals can be

produced in wrought thin sheet or forms in sizes necessary to make cooling channels

characteristic of those found in turbine and combustor cooling designs. Specifically, such

microcircuits may be fabricated into parts including, but not limited to, combustor liners,

turbine vanes, turbine blades, turbine shrouds, vane endwalls, and airfoil edges. Preferably,

such parts are formed in part or in whole of nickel based alloys or cobalt based alloys. Thin

refractory metal sheets and foils possess enough ductility to allow bending and forming into

complex shapes. The ductility yields a robust design capable of surviving a waxing/shelling

cycle. After casting, the refractory metal can be removed, such as through chemical removal,

thermal leeching, or oxidation methods, leaving behind a cavity forming the microcircuit 22

(FIGS. 3-4). It is noted that the cooling design of the present invention may also be

manufactured using investment casting techniques with ceramic cores.
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(FIGS. 3-4). It is noted that the cooling design of the RQrERsaMy Jopyention
may al so be manufactured using investment casting techniques Wi th ceramc
cores. EH 10956 6 6 FEBRUARY 2007 [028] The cooling microcircuit 22

enbodi ments can occupy a wall surface area as great as 0.1 square inches.
It is nore comon, however, for a mcrocircuit 22 to occupy a wall surface
area |l ess than 0.06 square inches, and the wall surface of preferred

enbodi ment §028] yBhaesioliyg wicsesirpuin2emnbodimerisnes oarupy act adlswrfateour @ B greatasar e

i nches. In t %a%‘ﬁﬁfﬂésarl%s m%Fq)é%mrﬁB?lnBo e?lglf)(%r%itﬁig#bggémt éZ to%%u&)up [cr oci reui t

22, as rreasur Into the wa roxi ma out 0. 012
|nches t o ayrface areatdsethyn 806 squatk. 1ﬁ<2@s |an¢h&syallssndammrefmadfearb@b]mnabout | ess

than 0.017 . 1029 2 d f d end 44,
aft end 459y pesebgr el autecd o6 B0t W hpa e St FerEE 1 ovs 50, 52,

54, 56 of pEBéEmME, Peaesinalsst, Gﬂme ﬁﬂcroﬁﬁuu @9, as BfasuréEiRRAGE WHBliyprefeidly ext end
between a first wall_ portion_ 65 5). and a second wall portion 67 (FIG

5) of eit h&FaRProximaelyjahetale “?965 tSGPPrWE‘aWiYC%bGEEQ%IPClE’Q’ a/IMOsds wi dt hwi se

bet ween it grerdriRbAt REGhAf 0 8indfet. end 45, and I engthwi se, or in the radial
di rection, between its first side 46 and second side 48. An inlet aperture

61 extends through the first wall portion 65 and is positioned proximate to

e b Ay, Phe hAFodTkBT S flls's Bk P O b i nFROL FRY L 6 WA

fromthe c ealr m crocit eu
aperture 631dext8,emdanumberrmﬁgctwstit)e%ééoiﬁobf\pattk oppﬂdtstaim6(ﬁ‘62pﬁs40166 rmte to the

forward end 44 rov 00| | ai.r fl ow t he cu 22
into the 06‘7;8&8 h% I%Ei?bcctﬁ?eéll SRl ROEH9D %ﬁq‘t‘éa 5‘7‘8 3@ i 6-}
typical ly oFiGes} ﬁdnﬁardmrechdw/alaﬁ‘zs ab.omig: micteeaedit ZR&tdds idthwiee Betgaesl 1fs| ow G
al t hough orientati onarr;rg%/fhvar

to suit the application at hand
exenpl ary &HYaHisd At endeHapnd lengthwisg, ar t“r‘g gladiahdiFcton, rl?F@tee'éB%E’ts ‘g“s 61
that extendehgngbbh s 480 Adglef %ﬁh@ftz 61 GkteRdstth@dgh the fikdI S af pBATRN 85 ¥nd is
enbodi ment, the exit aperture 63 is a slot extending |lengthwise in the

radi al di r eesiliened prmene&mbt #ft gnd 45,9 the, microgircudk 22 th@rovideck coglieg aitflosspagn i s
about 0.02 ornI tH o y?‘g'é)giﬁeta 1l|2%rfﬂ5|fhe rtngfbtcrrCLQJZZt n@n%f a%cﬁtﬂ'ﬁ%g E£t9r§d363 I's

about 0.10 |nc . e exenplary mcrocircult owmn in FIG 2,
wi || now béhréughttheesecorulswall ;tmz@bmﬁtmoxmetspedm forw atdenddd providjngle séadimg and t he

benefits a%ﬂ'ﬁ%\f{/ %Qh ft[o 31‘?11: e, frcr 8c11rc8\f\’2§ %t@%@ cgr% [Ba%h % outs}cd% the \galﬁﬁp Slt’h%nt tally as

el ongated rig rectan
microcircuit 22 is typlcally oriented forward to aft along streamlines of the core gas flow, G,

although orientation may vary to suit the application at hand. In the exemplary embodiment,
there are two race track shaped inlet apertures 61 that extend lengthwise in the radial
direction. In the exemplary embodiment, the exit aperture 63 is a slot extending lengthwise
in the radial direction. The exemplary length, Lin, of the inlet apertures 61 is about 0.025

inches while the length, Lout, of the exit apertures 63 is about 0.100 inches.

[030] The exemplary microcircuit 22, shown in FIG. 2, will now be further described with

respect to the cooling design and the benefits achieved.

[031] The row 50 has pedestals 60 formed substantially as elongated right rectangular
cylinders. The pedestals 60 have a length L1 (measured parallel to the row) of about 0.040
inches, a width W1 (measured perpendicular to the row) of about 0.020 inches, a pitch, P1, of
about 0.060 inches and a separation, S1, of about 0.020 inches. 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
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cylinders. The pedestals 60 have a length L1 (neasured ar aI %% the row
of about 0.040 inches, a width WL (neasured perpendi cu %A'ﬁ'u 0 7ovv) of
about 0.020 inches, a pitch, P1, of about 0.060 inches and a separation,
Si, of about 0.020 inches. The pitch is defined as the on-center radial
spaci ng between the respective pedestals within a row The spacing is
defined as the length of the pitch, P, mnus the length of the dianeter, D
of the pedestialof thﬂpedeSEl—ﬂim@@ﬁ@l glorgz thERRJARY tROEITh, P, fvrithe wiw defipepedest al

di mensi on a Q0 | hgf [ 2y alo Iy th% garh{:‘ﬁ%rq'})&'%t is bl?cllfgé $ E')g Bf:é)es%fisegrbrg%frﬁ@ to

per cent age B " ArEs Vati'sh ular row

pedest al s, hdreingfteeas ed retsmcubxemebw:&hgaaﬁactas Hoh eneriéstified din@Asions akbbm; kege
factor. For the |de eﬁflf di rre ons above, the restriction or blockage
factor is 6FSHicHem|blogkas é‘i(?“? %52 has pedestals 62 al so forned
substantially as el ongat ed right rectangular cylinders. The pedestal s of

this row have | ength, of about Q.025 inches, a wdth W of about 0.015
i nches, a pl03gh, ﬂPZ‘“UPWa"BdW paslesialy B2 plse Fremedisnbstautiplly a6 plopgatedrighet  about

0. 0365 inc hf‘e?/tan%dr’frzglcpg?c@‘se Pﬂ?ﬁls dést‘ﬁﬁ%@q‘hmwmvé%n%tﬂggz, \Qﬁatﬁfu?&@% fi‘nches, a

subst anti al . The pitc , however, 1s
subst anti al W}dthmcsfahmltﬁs)lphwhma piteh, P2tof glopmt 0@6§ind®ﬁph<b$®hlyiﬁ@u52oﬂ phase

so that the l.s .62 Ar e n SS at 70.,. A row
oiteh R SRUETHE ot B HRBA bRk I AR g M Ml et ¢ e
di mensi ons ah4lléethah e and@Bilr iThe pich B, hb\h/oekambitmiauy thesarhe % Pl ﬁxﬁahe The next
row 54 has pedestals 6 | so fo i all el o tedrl

rectangul 2 SESET i utplerfl O Qbite oa Tahinn el g e ecperal g PraLA A 5

i nches, \Agaim ABw pl@f‘l RIbophbddt §.8575 iREHaS &, beBvelh ki, S0P52. Pdr tidideritified 0615
inches, and_a spacing 'of about 0.018 inches. In the exenpl ary

enmbodi ment , WB@@S&b@V%Uﬁgﬁsgﬂﬁt‘P&PTvoﬁme fagiopisg&2% or r espondi ng  di nensi ons of

the row 52 thereahead, but conpletely out of phase so that each pedestal 64
is imediately behi nd a gap 72. Arow pitch, R2, of about 0.033 inches
bet ween t hel0B3ly B ngnrowtHdas padesials 64 alse fmmedisubstantially aRplongased righe | dent i fi ed

i e ons. Al G cUfydsRe ik GbdeOtls 1 nabd EALS, bABAN0.078 BN SO wihe next

row 56 has for stantla yas right circu ers of
di aneter, Ddfabbutdmiﬁtlnﬂleﬂmﬂch 3 hafsaboywiX @SS ineles, afd mpwng,msoet&bom}ms and a

:ﬁgﬂ 2?’ t ﬁ: cl?e{%eh}@g#%?momgigm'bo&gggt thespe atreh s%bs?tﬁatmy ar%ggg c(:jorrrer:‘g"pl;gndmlé)4 I's

dimensions of the row 52 thereahead, but completely out of phase so that each pedestal 64 is
immediately behind a gap 72. A row pitch, R2, of about 0.033 inches between the row 52 and
the row 54 thereahead is like R1. For the identified dimensions above, the restriction or

blockage factor is 42%.

[034] The next row 56 has pedestals 66 formed substantially as right circular cylinders of
diameter, D4 of about 0.0200 inches, pitch, P4, of about 0.038 inches and a spacing, S4, of
about 0.018 inches. In the exemplary embodiment, D4 is smaller than the rectangular
pedestal lengths. Additionally, the pitch P4 is smaller than pitches of the other rows and
separation S4 is smaller than the separations of the rows other than the row 50. A row pitch,
R3, of about 0.014 inches between the row 54 and the row 56 thereahead is, like R1 and R2.

For the identified dimensions above, the restriction or blockage factor is 53%.

[035] The next row 58 has two pedestals 68 each having a longitudinal axis 71 through the
body of the pedestal such that the axis 71 extends in the radial direction. Thus, the pedestals

68 are elongated in shape in the radial direction and are aligned with the exit apertures 63 as
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pedestal lengths. Additionally, the pitch P4 is smalle s of the
other rows and separation S4 is snmaller than the separzfiEltﬁgﬂjg‘ IYtZ%Fﬁe r ows

other than the row 50. A row pitch, R3, of about 0.014 inches between the
row 54 and the row 56 thereahead is, like RL and R2. For the identified

di nensi ons above, the restriction or blockage factor is 53% [035] The next
row 58 has two pedestals 68 each having a |longitudinal axis 71 through the
body of t hesphedeaFaG. 35(RhEIpéd&&hls%h&e&&ﬂ:e&aﬁ(ﬂb)@(g@m&hdtlﬂs d¢elealtyedligadd wlic et i on.

Thus, the pedestal s __68 are eI i n_shape.i e radial direction and
are ali gned SHif BRFTHIRS 3R e fﬁrﬁ‘@f Oggleé’é‘croﬁ&“i‘(?&gg% le@gg‘EgﬁBgﬁ‘? 83907 shown
in FIG 3. Thaagadast@nSs féfeadbly ﬁ@gait&ttm aBYutd.®3AnchSs.t TRt peliSstALE¥ Hade | Y

aligned with the exit aperture 63 in the forward end 44 of the mcrocircuit

22. The | engenrally Proffusioner gegy 7Pexfending petwarddpwardgthe sxit ppaturesd3ge athichabl y no
greater thaf ahad 1ot tRehPishbodiEnl B9cHf, 85 % AR IEBELIBY e Pigial
protrusion or apex ex%e]n di'ng gut wgr %f%ar’%s tﬁ@%xfstt apgrt © la

which it isllredtlogm&bputl(howheclexenpl ary enbodi nent, the |ength, L5 of the
pedestals 68 along the radial direction is about 0.079 inches. [036] Thus,
the rows 50, 52, 54, 56 and 58 have been descri bed above and now the
benefits afi86@v&busbthe tdres 50, 62,54 56:31idt582i£vedj‘eerFﬂchn&dvaibb¢'e adwobehdleacfits bed.
[037] The first w 50 of re ced apart from one another in
a pattern tﬁ%ﬁ‘eveegﬁft}‘e&‘@mlc @’é‘lzsz\PglPi% WA aﬂ‘?&'stg?p@ﬂiﬂbﬁ es lateral dispersion of
cooling air flowing through the mcrocircuit 22. This dispersion results in x
the formati on of wakes and increased heat pick up within the cooling

circuit 22. [0 Thylastiois0ad pmtaﬁfwéasp&edgt)%@@ﬁ@ae Prrqsbﬁrf%pa;s@@ég%tm s 62
of row 52. LikeN peal v&lb@ity%Q%ﬁéd%l'a%e@lﬁte&ﬁ dlsél%f‘éléflotetfo@hﬂg Il?ﬁ&Wlfng ol Ghe

pedestals 62 of row 5 he respective of ts are enough such that there
i s subst ant im¢roEirayy 2§’,t ffhisglﬁperlslpneeSplé@slsélrge’onnahpmg@wakehendnnetewdIheajlptckae As

th d f
e o PSSRy e Q8 £ A% BL8aE AR i ok MRIBFAATE pelifisad for @
relatively ofow 52351t1k¢v08c1 dre pedastabsy 64aff révin 84 aro\offsd Ironbthe padvparséd of ow §%& r ows
50 d 56. t 52 4 to.m ke turbul
ot oot e TR P S el RN S B b LLBE S oot o
circuit 22. tsughhke RictodiAGiEEER AN Wiy Padséranideyt the prdedls 2had 64ithie wikesmter ed

t he heat transfer Hi i s not ed

t hus i ncreasing the vel ocit nd, t.ur
that the S flr%a%mareg%f Y Foauihiot ot otk Seies dHe B Gyelys54, 56.
Thus, air fhQwdsitcBord A8or of the rows 52, 54 compared to the rows 50.and 56. Thus, the rows 52,

54 serve to minimize trailing wake turbulence and provide a progressive transition in

wakes/turbulence within the cooling circuit 22. As the air passes through the next row 56, the
air is metered thus increasing the velocity and, in turn, the heat transfer. It is noted that the
row 50 has a greater restriction factor than the rows 52, 54, 56. Thus, air flow into the
microcircuit 22 is distributed without excessive pressure drop and in a manner to maximize

heat transfer.

[038] The pedestals 68 minimize the wakes created by the turbulence of the air as it passes
through the rows 50, 52, 54. Minimization of the wake turbulence avoids hot flow
recirculation within the microcircuit 22 and facilitates heat pick-up. As the air flow is
directed around the pedestals 68, it is uniformly distributed through the exit apertures 63.
The use of slots for the exit apertures 63 is now appreciated. As the air exits the slots, a
uniform film blanket of the wall 24 (FIG. 2), and more specifically the pressure and suction
sidewalls 28, 30, (FIG. 2) respectively, is achieved. Thus, the pedestals 68 prevent flow

streaking or discrete jets and through the exit aperture 63. Streaking is not advantageous as
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mcrocircuit 22 is distributed without excessive pressure drop and in a
manner to maxim ze heat transfer. [038] The pedest al < BEBRHARYRYE t he wakes
created by the turbulence of the air as it passes through the rows 50, 52,
54. M nimzation of the wake turbul ence avoids hot flow recirculation
within the mcrocircuit 22 and facilitates heat pick-up. As the air flowis
directed around the pedestals 68, it is uniformy distributed through the
exi t aper tthe egrephndinghi jets epanfexifing thyovghrthe dxdt apriture £ evill notggod & unifomow

appr eci at eg, rg‘ge d&fﬁge I%étgl rgggliltgn% i}'n P?s;fbkﬁﬁr%o?%o?s oflt'hréi \}cvﬁ[ ﬂ.fft lls{Brg%ler%]m; of the wall

24 (FIG 230,"6 re speciti“ca ressure and suction sidewal ls 28,
30, (FI G enhanced pactural éhtygrity sf the hirfeil @d (FIGh2isthattthempreodstind 22 f8dipgosadnt | ow

streaking or, discrete jets and through the exit aperture 63. Streaking is
not advant%uBHE Z%Iﬁiﬁeill‘g@ﬁ @“t@pﬁ‘ﬁ%ﬁé&w B RUECBFFesponding air jets
upon exiting through the exit aperture 63 will not provide uniform coverage

of the nmetal resulting in possible hot spots of the wall 24. It is preferred
for enharl®3l sAdvautegseusly.itharogitiopipe gf the pedetals 68, s degeribrd ahove)permigftvethe

M croci r cuideg Cortio? BOREHr ade b} sk Wféfp . ficAl] t
apertur esu%otg, m%r?er@?o?s,o are nof1 (t:ol fsi ne{'gtgsi.t 0)!§t9 %Kg}\éﬁgt g’g@%f}%ﬁyfﬁp‘he

posi ti oni nge odolingeir fews tretigh tggzap a8 ankbarowrdisbeipedostale 68 ploseariotthe fisvapd good

nmet eri ng cant r.al t.heqair b ex| rou t exit { 3. Mre
peci 1 cal oo eS8 TR aftfc by RShlidel B Aah 38 S0 RERE) WIERASY'
pedest al s tGugh the @ajh 78 whide the restairaledof theedowill msdasurtbthe f&lestdli 68, ABs, ihhe fl ow
is netered, through row 56, part of the fJo i 1] pass. throu the gap 78
whi le. ¢ he sy ALrs Bpve R B sheatines okt 3. eRa o Granel tees 't 7
this way afpdreas 63 Haifolly dReibatede aht tdARS sthamline 'oper@les Kb 48 toJot gehipit dler 1 ow
through the exjt aperture 63 is uniforpy distri gut ed. The center

st reanl i neSTGABYRES & (OB T SSHIE AVEF 1A HIETHES Yith Y"{eﬁgear%lﬂeé&hﬂmdﬁé% verstr dMi%er ossi ng
over to i nhebhiGhRionbt fhe bbRstls'68 PBIiNESwW dirai dhing Wi 1@ Sidhg abEWte melehfg
orientation of the pedestals 68 permt flow straightening while ensuring
accur at e reepeeli with the eatlt eringgnimprayed fils eaoling andrffesivénegs oved fil m cool i ng
and effectiveness. [040] Referring nowto FIG 4, an alternate enbodi nent of
the mcrocircuit 22 is shown. Like reference nunbers and designations in

t he vari oU84@r Refemgsg nawdioddGed, lan hkergidte erpbddsment lo€ the muicrooir¢uitcA2iis slid®ni n t hi s

51, “The. exBhpI-EPS R RBBHT hais enettish FE 1Ho5 erdsipRRmeraetce el FRoow be-
microcircuit 22 in this alternative embodiment has two exit apertures 63 and three inlet
apertures 61. The exemplary embodiment microcircuit 22, shown in FIG. 4, will now be
further described with respect to the cooling design and the benefits achieved. In the
exemplary alternate embodiment, there are three race track shaped inlet apertures 61 that
extend lengthwise in the radial direction and two exit apertures 63, preferably slots, also
extending lengthwise in the radial direction. The exemplary length, Lin, of the inlet apertures

61 is about 0.025 inches while the length, Lout, of the exit apertures 63 is about 0.100 inches.

{041] The microcircuit 22 has rows 80, 82, 84, 86 of pedestals or posts 90, 92, 94 and 96,
respectively. Row 80 has pedestals 90 formed substantially as rounded triangular-like shaped
cylinders in that there is a first side 100 that is flattened and generally perpendicular to the
flow direction and then a generally rounded coverging side 102. The pedestals 90 have a
major axis length, L1, of about 0.033 inches, a pitch, P1, of about 0.058 inches and a spacing,
S1, of about 0.018 inches. The row 80 encourages lateral dispersion of the cooling air
flowing into the microcircuit 22. For the identified dimensions above, the restriction or

blockage factor is 52%.
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further described with respect to the cooling design and t he benefits
achieved. In the exenplary alternate embodi nent, there®BEBRYARY20075¢ce track
shaped inlet apertures 61 that extend Iengthmﬁse in the radial direction
and two exit apertures 63, preferably slots, also extending |engthw se in
the radial direction. The exenplary length, Lin, of the inlet apertures 61
is about 0.025 inches while the length, Lout, of the exit apertures 63 is
about 0.100 inches. [041] The nicrocircuit 22 has rows 80, 82, 84, 86 of

dest al 0, 92 0 destal's 90
For mad s uBBRL TR e OP s AR At re pessh 3 O e Gnek e e Bl T P

there is gubstan@dllys ﬁﬁm&&ﬁngﬂﬁ@éctdngulﬁﬂ @Ilh&?@CPeaéUﬂalQ%l&fvaMd}mWrﬂBndf cular to
the flow direction and then ner y rognded cover iqg side 102. The
fig I4g finc &

pedest al s 2Ryt HQgQingh esn*}a?P&Fm& orand 3deifeh 32t RPHAHEs, a pitch,

P1, of abgithed) Fapde idiahES cﬁﬁ@nﬁon%@@&de”tﬁe res@ictiobr lﬂ&‘k’d%e fdeBdR shaches. The row
80 encourages | ateral dispersion of t he cooling air |l ow ng into the

m croci r c Gedestals 94mhaye 1 diamptgr BB; ofjabaut @38 inchesn 8 spasingeS3, 0fabque8P48:t i on or

bl ockage 0 e pnext two rows
82 andg845ﬁg%5&g% éégg%‘EEB&R§§§5%g§%E§§F§gA§¥ugﬁplngggo hb&% 8

subst ant i adsirictiarsonrtbenkelgedfactogis s 7%e Pedasgls| 92r 9t igerdeally. of@acbestlaggemed% have a

6 a0 GRS P R B IR0 LS

above, thmeteeawylram &Ilarﬂf84t1b(i)xwk@g£thé as\t/%lomsy, fDE%ReyReldeBIhﬁﬂbSr aaa have a

di aneter, D3, of ahout 0.020 IP aci of a 2§F §148 i nches,
and a pi t EPTE “dﬂﬁl‘étﬁ’a‘ﬁltheﬁt'ﬁ@@efﬁ erltF usy %C?"tﬂ’é?ffai“f’i‘é pedestndd ons above,

t he restEdsﬁr&sjlﬁah@hemﬁﬁmﬁﬁa&a%mmeﬁedé;&h96’@%@&@&§o92 94 are generally.

of fset or staggered relative to each other and serve to neter the air flow

passing therebetween. The flowis netered by rows 82 and 84 to increase the

flow vel ogyfs Tﬁeqsﬁkoﬁ@aﬂpé o pRliIRR96aHdre LOX b 108 @a Shddhe freat

&?RQF‘% .
transfer coe f|C|ent Thus, the concentration o est a S 94 results in a
hi gher r e dtertivo raspestif et 0apeTtian 63. hEherpedrstalsfiohag@a lcmgttthbnal avis 89thaf 043] The

et 1 ow 88.0R% bR AR95RLAhs THG, HISCRGROR ROEIAAL Papenihi dugh W th one

of the tWwo res Ive eX| apertur
| ongi t udi dadctiani Eacﬁ@eddsaﬂs 96ehat eacimllyn pt‘dlliasm)ﬂdr @;lex@ﬂ reeehdlﬁgloutwmds, t he

pedestals 96 are el ongated in sh he r .direc |on ach pedestals
56" has - gora e EBROt G BrTuEF b ach ghihe peBitafing iberealy Sttt
aligned with the respective exit aperture 63. In the exemplary embodiment, the longitudinal

length, L3, of the pedestals 94 is about 0.100 inches.

[044] Thus, the rows 80, 82, 84 and 86 have been described above and now the benefits

achieved by the microcircuit 22 of FIG. 4 will now be described.

[045] The first row 80 of pedestals 90 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 22. Also, the pedestals 90 minimize wake
turbulence. The cooling air flow impinges onto the side 100 and is forced around the
pedestals 90 by the side 102 thereby reducing the wake formed and avoiding hot spots behind
the pedestals 90.

[046] The pedestals 92, 94 of the next two rows 82, 84 are staggered with relation to each

other and with respect to the pedestals 90 of the first row 80. Thus, there is substantially no
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towards the respective exit aperture 63. Each of the pedestals 9.6 is
generally centrally aligned with the respective exit &aFEBRUABYB®)7 | n the
exenpl ary enbodi nent, the longitudinal Iength, L3, of the pedestals 94 is
about 0.100 inches. [044] Thus, the rows 80, 82, 84 and 86 have been
descri bed above and now the benefits achieved by the mcrocircuit 22 of
FIG 4 will now be described. [045] The first row 80 of pedestals 90 are

spaced apag&m%hrt am ﬁdaesg@%omdhmie?ocﬁcﬁh@pem&e cHfREhirpadeBfRERNaRPVe that
controls |ocal velocity and encour ages |ateral dispersion of "cooling air

f 1 owi ng t hrootsgthe akesrareTeduted deriamaro unifgradlow distridadst al s 90 ni ni mi ze wake
tur bul ence. The cooling air flow inpinges onto the side 100 and is forced
around the pedestals 90 by the side 102 thereby reducing the wake forned
and avoi di [1137]1oAd\eapta'gsoUIsbhihndosiﬁdn@gpﬂd@stedd:&w% aﬁ db@ﬁibeﬂ[hbonemmttavgy 92, 94

of the next two rows 8 sta ere ith relation to. each t her and
with respe€?® dyreteryie Cﬁgé%l Q?ﬁTe Coglﬁ’ NS exqf &?ug%% TERPCCHG FAI AP &

subst ant i aMoye @eclﬁ&&ylﬁb&ﬁ@cdohn@afﬁﬁ&%mu@m&/s 83tahdB4) e did 1@1@&6@&@&1& hr ough
the mcrocircuit 22. the cooling air passes through their_  rows, the

wakes are Pdtielads red ‘Sél“ﬁﬁ?%afa‘l‘ﬂdftber RACPTb S RIOBE 118 ForrespRpAing exit
Advant ageojsrire 3N AIRDH thisQlydéld 8 snbBf op AlRTeANNI, 18P, 8 Hald AeshAROve,

permts very good rreterlng cont rol he coollng air as it exits t hrough
t he respec? praidexfar uaibenm ﬂ@‘é dr@@lbutlm% thspredithd exat apgriure§3.t Fat isdo Isayn@le air

passes thr Hth ‘é!sdcﬁx?ot% fh%@? a?rhfncé nd9f3 v r@%}orﬁerl'ﬁaln e‘lﬁ% 96 and

is dlrecte aroun e pe est a 0 eX|t rough the correspondi ng’ exit
aperture 6Bke thatad thei firsttemtmdineent siodn asFKh éwm gbl}eraltyeihgnedeam thoesterOf thg, 1',

t he main strearﬂlne for uniformflow djs t hrough
the oxi t apsroapaist Rl € 3o Bhot Mgl S Rhalit i SRl B RS
t he streanhligned with tignatitaperaury 63 siah thIhﬁeﬁajdmtysbtrtear&xguﬂeLm)fthelpeuestansmﬂ of the

first enbodi ment sho i.n FIG 3, erally aligned with the center of

t he corre%rﬁ(?ﬁ'ﬁﬂsﬁg gm‘?x“aﬁ?é?‘frﬁpi é%sucgb'\gé “‘X‘ln %‘F‘F@F‘W%Rt%i’e embodi nent ,
t he pedest ?édést@l@ a fiee Bl RGN thdexithPertirt 63 aPRIst mé Briéhdativd b the pedestalRe
majority of the length, L3, of the pedestals 96 are exposed to the exit

aperture 6% pmntsfl?@rﬁtratabéenytgr\*éhlmens{v@g ageyriagtering eanfrpletith thpeesulpbiegt al s,
are free t9(1ﬁxﬁr&veﬁrﬁrlrglégglll{gh)%d@ffé&w@d@?gture 63. Thus, the orientation of the

pedestals 96 permt flow'stralightening while ensuring accurate netering
control with the resul t being

[048] Thus, the air flow is directed around the pedestals 96, it is uniformly distributed
through the exit apertures 63. The use of slots for the exit apertures 63 is now appreciated.
As the air exits the slots, a uniform film blanket of the wall 24 (FIG. 2), and more specifically
the pressure and suction sidewalls 28, 30, (FIG. 2) respectively, is achieved. Thus, the
pedestals 96 prevent flow streaking or discrete jets and through the exit apertures 63.
Streaking is not advantageous as the corresponding air jets upon exiting through the exit
aperture 63 will not provide uniform coverage of the metal resulting in possible hot spots of
the wall 24. It is preferred for enhanced structural integrity of the airfoil 26 (FIG. 2) that the
microcircuits 22 are disposed within the wall 24 such that the exit apertures 63, or slots, are
not collinear. The pedestals 96 also serve to minimize the wakes created by the turbulence of
the air as it passes through the rows 80, 82, 84. Minimization of the wakes avoids flow

recirculation within the microcircuit 22 and facilitates heat pick-up.

[049] Referring now to FIG. 5, additional features of the microcircuits 22 (FIGS. 3, 4) of the
blade 27 will now be detailed. FIG. 5 shows a cross-sectional view of the blade 27 of FIG. 2

with multiple passages 32a-e. The passages 32a-c are separated by longitudinally extending
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an inproved filmcooling and effectiveness. [048] Thus, ‘{) l% {]h PW is
directed around the pedestals 96, it is uniformy distri rough the
exit apertures 63. The use of slots for the exit apertures 63 is now
appreciated. As the air exits the slots, a uniformfilm bl anket of the wall
24 (FIG 2), and nore specifically the pressure and suction sidewalls 28,
30, (FIG 2) respectively, is achieved. Thus, the pedestals 96 prevent flow
streaki ng oPagitier watleor ribs d Lawih eash patsass aing first aagsscond engls 328, 12&plopabEng i s
not advant agealise méub@on%@aewﬁpmlmeav Fotht€§ a%oup%%f%t?@omr PGlhed he exit
aperture 63 will not provide uniformcoverage of the netal resulti ng in
possi bl e hot32sb@tasgeometrltclqeltwa¢ll thpwgh which g cpmtesfline peqimfdo\rlseemlrsahl"edassw uct ur al
integrity of th a 0 t he rocir.cui 2 re di sposed
wthon ¢ e P{ER Rl cepflpt Tas oltbehdlion ] Pom ) RS WM oRBERE" © O

col l'i near. };hﬁlmgdﬁsts@esz&ﬁasal gé&n&ﬁtvmtéroCnﬂxfdugh ndichheenali@s ocehealvast by t he
tur bul ence of, tQ{ge air as it ses throigt? t he r 80 82, 84.

M ni mi zat i oA*i8f 120nRASYRS HESuEN; atrcr:’e;twlln? ispePaRdanaF e forfbé it Rfoci r cui t
22 and faci kbthdress. "R &t noRidGhat Sidpe bth asB@g‘eesrzaJeragdnpyanmlaElﬁa warestdi ti onal
features of the mcrocircuits 23 % 4) of the bl ade 27 will now be
det ai | ed. FillystrativspyReses. Epies.and erlefmefemnéww netpgthet deleenerlings 194,326 2
with multip C

ongi tudi naFFy eer o tedrepfe pO8RI AN AT, ARG 1 s o
ribs 116 wi direcmotoef pzm@agénh@lm mged thatdiGahilusetesrapressdtivel @icracouits|23ng t he
pressure an o abo . axis of
rotation QSQH%%&CH%th?nSt e?;‘ﬁ%ésln% ana_g%rtrlg{' galﬂ%)vaglesnztg ei&gng?h%%#éﬁgﬁgwgﬂéﬁ a
centerline @pernﬂmr&lm—s&hmbxwﬂl be]ﬁittherpmslmasd ddtdiitedbglowsuch t hat centerline 124
is perpendicular or normal to the axis of rotation 98. Simlarly, passage
32b has a geonetric center, C, through which a centerline or chordw se

axis, 126, pesv3ePutihg Wmﬁ YEthe EhAtrbeRUngink, thecoblifig his fIPRMRaNdectabsafesOr
normal to the axis of rotation 98. It is noted that_ shape of the passage

32a-e and i AZpaiySubigriad to ayomtipnal fgree. Thy intgractinn of the ragial §w Soroush Pasigesher , and
for later rehgrentais rbfaub&reams%dwhm; kﬁom aear@o%m fa,%‘c%v;lt%éhcréa%& in@reh ey

through the pressure and suction si dewal 30. An arrow, R, indicates
the direct coerlgfonrinpassigshi2are. Bagcallysde ﬁ?@tl@lds forsatis FrpRRrtional fd the vacter expss

represent at ST ction
sidewal | s 2??/0%&)@Og%%c‘!te[?g”%g%}%s%ggﬁgp I ng ?ﬁlw\éﬂ[gttmoﬂ {HS Q{szf 1%51?}(133% ‘IﬂC w il be
further explvelotigdvedet af the cotigaigdiade. Incidentally, it will be appreciated that the cooling air ‘

flow through the passages 32a-e may be either radially inward or outward.

[051] Referring now to FIGS. 6 and 7, the placement of the microcircuits 22 and more
particularly the inlet apertures 61 of both embodiments as shown in FIGS. 3 and 4, within the
wall 24 of the airfoil 26 (FIG. 2), will now be described. FIG. 6 is a partial cross-sectional
view of the airfoil 26 depicted in FIG. 2 showing a feed trip (trip) 128 and inlet apertures 61
a-c that feed the microcircuits. FIG. 7 is a partial cross-sectional view of the airfoil 26
depicted in FIG. 2 showing the feed trip 128 and inlet apertures 61 a-c that feed the

microcircuits.

[052] Asseen in FIGS. 6 and 7, the direction of the flow circulation is dependent upon the
direction of the radial flow (i.e., whether it is radially outward or radially inward). For
illustrative purposes, the cooling air flow in the passage 32a is in a radially outward direction
with respect to the centerline 124 (i.e., toward the tip 42, FIG. 2); whereas the cooling air

flow through the passage 32b is in a radially inward direction with respect to the centerline
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[ 050] During operation of the gas turbine engine, the cooling air flow ng

i nsi de passages 32a-e is subjected to a rotational foggeBrRURRYI2M7Er acti on
of the radial flow through passages 32a-e and this rotation results in what
is known as a Coriolis force which creates internal flow circulation in
passages 32a-e. Basically, the Coriolis force is proportional to the vector
Cross product of the velocity vector of the coolant flow ng through the

passage anfhd fie, %%&%thé&%‘&?'ﬁb ¥ SEHAL sbmbiny A5k bPbuleAdss 208 ough t he

I nci dent al preciated that the cooling air

passages SQxapuéatlnayIQé}elnéllﬂffn@patwhw the Cymlm/fancellronhe pmmﬂaa whihmpoveether ri ng now
to FIGS. 6ga the t he mCI’OCI and

parti cul ar fluﬂ omthﬁfuctugléfjle? rrﬁﬁeosto oY o ts‘lglewa odi dsbr?f%%to Csong’ﬂgfi‘/vﬁei n FIGS. 3
and 4, w tb;lrd’uldnbﬂ Invéhiras? F1Gf7 ddpertsaxichdndticalBba i dB.codter-totatihg tiganldviens

descrl bed. view of the airfoil

is a parti ss-secti onal
Goni ot oq i bk 10 cenaaPine trighRres FE prisnse 32b5vrmpva: e B oRSe 61
a-c that fﬁ@@kumedemanrzs% the Wickidn SIEé\x?ausMna bﬁckﬁ@%&hﬁiet&ﬁ@&?cuﬁa‘ﬁ@ﬁ'%ﬁbf vi ew of
the airfoil 26 depicted in FIG sovvlng feed trip 128 and inl et
i

apertur es BlfpaSSéquHJaﬁ ITFB@GOPH%‘“EMU@Y walis id k1§ thﬁtwg}ogq@eé\!éhtheﬁldﬁw& 6 and
7, the di f§§t b?@eé)ﬂcofBﬁ?thfagﬁ’sh g%kﬁfaué %h&(f}vduﬁwfﬁ?m%frbgn%&’%r% fihy ection of
or ra |a

t he radi al Isra out wa y 1 nward).
For il | usparttin/tbe pavity 32 €EIG. flhe cool ing air fI ow in the passage 32a is in a
radially outward direction wth respect to the centerline 124 (i.e., toward
the tip 42, FIG 2); whereas the cooling air flow through the passage 32b
is in a rafbsa) |Iyithdfmm@lafbi ¢neteidingemt winerr&wﬂ%pqﬂﬁrahq df hecroeirduéts £2 (FRG. HH 10956

schermt | caPPgesec Ship toPrissit it SRSy i Pespechiveh Burcindfanft or oot e

by the Corj ﬂufcsisq) bE&ch Bf thb fbsﬁé&ﬁ&ﬂﬁ%r&ﬁ@me%’e }saamaed &ﬁhre&ldﬂhl@r witlom t he
suction sidewall 30 to the pressure sidewa back to compl ete the

circul at i oFf:quchtOébqﬁqua§f-r°t¢anaClr9ul%1@ﬁf &stanédﬂ@rﬁ&&aewqﬁaaseﬁahwth% oriolis
count er-rO%&&es'agtr@cesmlg%ﬂwng mgﬁmrésbgct%%ss&s@ya.kh% &}wzg/l !h% force in

the passage 32b which nmoves the fluid fromthe pressure si dewall 28 to the
suction si ewwterrot@nezirdulptent 10bandolPl KiBend A0, 0vil bapmploged toRasid inthe t he

passages a| g | g g@& 1 hat t r with
passa0es ol RBREH RN DB e i R L RRRRAE, 11,
are part othat the placdnseni 4fdhé¢ indett apao@res 61 mith reslpectmcmhe Ip;esélﬁe fifdl ductidd)sidewalls

28, 30 will depend on the direction of the cooling air (i.e., radially inward or outward) within

the internal passage that the respective inlet aperture is in flow communication with. This

feature of the present invention will be further detailed below.

[054] In the exemplary embodiment where the cooling flow is radially outward, as provided
in the cooling passage 32a (FIG. 6), the inlet apertures 61 of the respective microcircuits 22
on the suction sidewall 30 are positioned to correspond to an area proximate and adjacent to
the ribs 116 and away from a middle portion of the passage 32a while on the pressure
sidewall 28, the inlet apertures 61 of the respective microcircuits 22 are positioned proximate
to about the centerline 124 of the passage 32a. These positions for the inlet apertures 61,
relative to the pressure and suction sidewalls 28, 30, will thus be codirectional with the

Coriolis forces therein.

[055] In like manner and for similar reasoning as described above, in the exemplary
embodiment where the cooling flow is radially inward as provided in cooling passage 32b

(FIG. 7), the inlet apertures 61 of the respective microcircuits 22 on the suction sidewall 30
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[053] In the exenplary enbodinent, there will be a plurality of
mcrocircuits 22 (FIG 5) disposed within the pressur e EEBRRUMRY: 208N
sidewal I's, 28, 30, respectively. Further, the inlet apertures 61 of each of
the respective mcrocircuits 22 are positioned codirectionally with respect
to the counter-rotating circulations 104 and 106, 108 and 110 caused by the
Coriolis forces on the cooling air flow ng through the respective passages

32a-b. I n tahd gositidyied ﬁrbﬂmafeod Abok thb@ér&érhﬂcglzﬂ df ehd fakda@ $2610Kileadhcthel fessurk08 and
estion of the cooli air into

110, will be e %g oassmg ﬂthe 6?g

the inlet afEralhpddhginlesppertiugs §1 ptibe FﬁSE‘?‘B MEReircyiss 22,are positiong that the
pl acement Qbrrtdpbnd @aftaredpedxitdite &ndakjadkiitho tHREBEE16 4 ARG FBHESHMIMAR RRfbnsUCt | on
sidewalls 28, 30 will depend on the direction of the cooling air él . e.

radial |y i rfdieaspecolRbnahess PRpippRsor e inlgt apaturetl O prelegug e thapressifean especti ve
inl et aperty tﬁ‘m sﬁie%vﬁ‘llsfiSOW) GAITEHE bE Bddi Ehdﬂ'a{»bnédﬁ@'c%no sef%;cgrﬂ?er?xfx g pleesent

i nvention w urthér 'detail ed oW, e exenplary e odi ment
wher e t he ca(bo‘rq degeriptiony attsntnoaah tab\lvny toahct faar fiat das tqthoviichetion iofithe récrocioluitng
passage 32 in of the re crpcircuits
D5 S ot he 22au e episifs pRyEe PR SIebth FReR A oot RPN £ SLPEL

proxi mat e anldt fpejraechil a-t €or pmegel’ﬂbSnd.ﬂﬁre@Iﬂ ofwidfgreht mivraeirbnickdl e porti on of

t he passage 32a while on the pressure sidewall 28, the inlet apertures 61
of the respective mcrocircuits 22 are positioned proxinmte to about the

centerline (884 afsshéven m&gggfearﬂzzathewﬁmsB%btnaoamei]gdh 1t 44 [l 1NfeSpecBREY,t Ur €S
61, relative to the pressure and suction sidewalls 28, 30, wll thus be

codi r ect i orsiending Retyren thesdrst end 14 Srad the 9PPasEEsrsend puk 5A0. |Ip thejekemplainer  and
for simlarefa@sRnl Meendfe éii%ﬁﬁg hoes famgmeomwdt &%hw&gg{a?%e 3EMhedigent where

the cooling flowis radial i nward as ‘provid Inc passage 32b
(FIG 7), tapertired @tofalpemcmcegn@ﬂ@ﬂthmbe pressyeecsidewall 28 thabfsed thgipassa@B2an t he

suet | on <1 dpyelleoi0s i F99APs 1 FRSRY 00 216 AT IbhRREr R MRt e to

about the ressure ~ sidewal |
28, the i nloétheaptemqmbe:ef i cexfterhhcelzmpa:hé inner sli]iifﬁdfe(lffitlﬁe(;libsﬁsﬂireEQleﬁﬂléZ&)OSl tioned

to correspond to an e I OXi acent t he .ri. s 116 and away
from a i e SsTpRoR o Gringe pEBeG 0 orifd BREEL Bebhes i apeRHE St o
apertures 6f thermibtirdits RO with (e @G Sdewadl 303kt Fde@fheaskay@blaarfositidled W | |
t hus be codlrectlonal W th ihe Coriolis force therein. Fromthe _above

descri pti orf, °“§f}ieé?ﬁfﬁs'&fﬁ sdgwelr sHrh thapthe frdetraperturgsiliof gach migrockenitars Withiaej on of
the mecr OCIsh&r S Sof about 40% from the first end 118 and within a span, S2, of about 40% of the

second end 120. The respective spans along the pressure sidewall 28, as measured from each

of the ends 118, 120, correspond to a distance of about 40% of the length, L.

[057} Further in the exemplary embodiment when the cooling flow is radially inward as
shown in passage 32b, the inlet apertures 61 of the microcircuits 22 within the suction
sidewall 30 that feed the passage 32b are positioned within a span, S1, along the suction
sidewall 30 of about 10% on either side of the intersection of the centerline 126 with the
inner surface of the suction sidewall 30. This corresponds to a distance of about 20% of the
length, L1. Further, the inlet apertures 61 of the microcircuits 22 within the pressure sidewall
28 that feed the passage 32b are positioned along the pressure sidewall 28 such that the inlet
apertures 61 of each microcircuit are within a span, S2, of about 40% from the firstend 118
and within a span, S2, of about 40% from the second end 120. The respective spans along
the pressure sidewall 28, as measured from each of the ends 118, 120, correspond to a

distance of about 40% of the length, L1.
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22 within the respective pressure and suction sidewalls, as represented in
FIG 2, each of the inlet apertures 61 a-c for passagerBBrRUsRY267are part
of different mcrocircuits. [056] As shown in FIGS. 6 and 7, the passages
32a-b, have a length Land L1, respectively, extending between the first end
118 and the opposing second end 120. In the exenplary enbodi nent when the
cooling flowis radially outward, as shown in passage 32a, the inlet

apertures Gdsg)f ItibQurfeEid€d dn@Withtn B sobipé B the bREer iR SfionahA tdW@bding8 t hat
feed the passaﬂg 32a are pgsitioned wthin_a span, S 1, along the pressure

si dewal | 2828¢ 28196 the PReWESSH2aibt Trenectdyelpe areglefipaple for any shaps intsmabpassage

centerline Jiddn MdchidgRetdin s, AN AFEh A thd %lgceﬁ{eﬁtséﬂﬁeem@t Q&\‘@Jek 628s This
corresponds to a distance of about 20% of the length, L. Further, the inlet

apertures @¢citedhereinabgrecrithaespectite the 2entenlingsi 124t 146, svmrovided for idéheairese80 t hat
feed the p - il ] 0 h r re .Sl |l such that
the inl ot BSPcH AP EMEiPATS b BREP caf bR R TR Re T iBkon R 0
40% f r om t hearfyiattstativednteind] paashgeednlfiighradomspd nary5ig, shafe tihdy eathte 40Phavé ah he

second end .120.. The respecti.ve. spans al ong,the pressure sid | 1. 2 as
roasur ed f ABRELEHE. T Byier BRGCE e veiisah ArHisB Ate SrovBodi ek il i about
40% of the iheRedtion o the[cORédlinEsUIZd NEX6 with thd freSuaimld G dtioRTHAGME DS, 306N t he
cooling flowis radially inward as shown in passage 32b, the inlet
apertures 6DYgrerndPaspes Wik Yy itk the shage apd sonfigurationof thipassdggiewal | 30 t hat
feed the passage 32b are positioned within a span, S 1, along the suction
sidewal | 30 of about 10% on either side of the intersection of the

centerline [0 Refenringrow forfieP. &andi% éaed tripston turbujetpisdAs sieghoven tad@lly Thi s
corresponds ! 0 h . L urthee . the

i nl et apert%#%?ﬁggﬁg%ﬂgﬁgmﬁﬁgaggﬁp%égé%&%§&h§¥%#%&%hgﬂ%r%%%g%%‘ |d%mall 28
t ﬂat feed tdnessypasiond oic324f the pasgags B4 okanchlaigdag) of FE. pslesdng the feeden@ml 38 28 such
t

at the inlet .apertures 61 of_ e jcrocircuit are w.thip a span,,,S2, of
about 4006 1P SHRoRAS e U apedergh 6 1k et el pP uf pBBAl5RT: oo
t he second teked albd@ 9-IGRFIGES phet ithedeainsip 9 28 hiadigiet AfReufRs 65 alelskovad elethel | 28, as
nmeasured from eac o{ he ends 118, 120, correspond to a distance of about
40% of t he SPegeHiewall 308§ - 1 0956 15 6 FEBRUARY 2007 [058] It is further

noted and within the scope of the present invention that the centerlines
124, 126 of the passages 32a-b, respectively, are definable for any shape

i nternal pd8&Hg&milgrivhinFIGSy Hi andj I gteed twips py turbpiaters 12§ are ghavaniadielyat ~ t he
pl acement Qafdjattgﬁ td t'ﬂk %{1et%9§&&w 15n ﬁﬂe’paé’%ﬁge 32b. FIG. 10is a partial cross-sectional view
of the passage 32b in FIG. 7 taken along 10-10 of FIG. 7 showing the feed trip 128 in relation
to the inlet apertures 61. FIG. 11 is a partial cross-sectional view of the passage 32b in FIG.
7 taken along 11-11 of FIG. 7 where the feed trip 128 and inlet apertures 61 are shown on the

suction sidewall 30.

) [061] The trips 128 are positioned downstream of the inlet apertures 61with respect to the
direction of the cooling flow within the passages 32a-b. In this way, the trips 128 impede the
cooling flow within the passages 32a-b and facilitate entry of the cooling air into the
microcircuits 22. Although the trips in FIGS. 8, 9, 10 and 11 are shown as slanted with a
rectangular cross sections, the trips of the present invention are not limited to such cross-
sections [e.g. semi-oval or hemisphereical] may be slanted towards the trailing or leading

edges and may be curved or straight.

[062] When the microcircuits 22 are positioned within the suction sidewall 30 as described

hereinabove, the inlet apertures 61 will be perpendicular to the axis of rotation 98 and, as
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recited hereinabove with respect to the centerlines 124, 126, as_provided
for in the present invention and shown in FIGS. 6 and %FE%%HP%%ﬂﬁﬁplenented
and utilized in connection with many alternative internal passage
configurations of varying shape that rotate and have an internal fluid,
such as air, flowng therebetween. Attention is also drawn to the fact that
the intersectign of the centerlines 124, 126 with the pressure and suctions
si dewal | s 28¢h 9l beplisned yith the dpw of the Losiolis fasges; Similaplyyivhan thp@icaoeifsuitsand

confi gur at i DnyrOposidtRePRRRIAUR préstadkidBefiers és%sé}fb\éﬁ h&eifihiave, e AN afbrufeged
trips or turbulators 128 are shown radially adjacent to the inlet apertures

61 in the pdswitide pepandighy to thegpis of rojasiop 98 Endzas suchgwill hgeptignes)) with the flow
Cross-secti I fWrStest N6 passage 32a taken along 8-8 of FIG 6 show ng
t he feed tréﬂ?ﬁﬁﬁ?éﬁyﬁ relation to the inlet apertures 61. FIG 9 is a
partial cross-sectional view of the passage 32a taken along 9-9 of FIG 6

wh he f i.p.128 1-al 6 h . h '
S deval | 3000 odtyrareinEPEbS; 512 RRELS Wi SRneits 8 G BT i Ruroliuslh ot or

128 are shod desteibéd heyein &lj Aeebd detgiletl NBIG.NB &S a pdrattitbivenfidnallp cbdled passage
32b. FIG 10Q is a partial cross-sectional view of the_ passage_ _32b in FIG 7
t aken al onAHeil 1Y Cod? tsja@lotpf equifgd-Riadeisaolingdip™ vs- goolimg effectivenest fose t o t he

i nl et aper tye@st Bblingdchtmeds deScrdePMdve Bhd BE OSVerEnbl MR brt Blaa¥cfighfAfoPassage
32b in FIG 7 taken along 11-11 of FIG 7 where the feed trip 158 and inl et

apertures chowpdn Elfohd ewrve ha0 regigsantsghe eqoliagaff¢ctisenesy lopthe prineart blpges 128 are
posi tioned : (F1l & e

i rect i on o LR e G 1 Gl & PPl Mol EERATER 8D (e
trips 128 iempwdineanhef the presanhigvértiondistlosedeteireinddi€shgb sinBactolianad facilitate
entry of th | | hro - 1 Wrheuits .22 ips in
Fls, 8, o, gt antr? ol cbileBoldi ool A€ b b ¥ 7 AP et
sections, twigh the epbodifnedtieFl3.8sent i nvention are not limted to such cross-

sections [e.g. sem -oval or hem sphereical] may be sl anted towards the
trailing or | eading edges and may be curved or straight. [062] When the

ni croci r cui [064]2 rh@ c6ol PR effbdtivBRds #tib ¥ defihétEasIbe1atio Bf Gk eavRtdiurd Qifftfenkestcr | bed
her ei nabove, the inlet apertures 61 will be perpendicular to the axis of

rotation 9gharrativagot combusiongasesams thibytmetal segepratus rheyempen@ira i gned wi t h
the flow ofgiffiende@kivibh thefrQhERhot FInBub@dn Phses A8 thelcBEIafb (ESSHRE aftFddfified as

follows:
b= [Tgas — Tretat)/ [Tgns ~ Teootant]
where:

Tgas = temperature of the gas flowing exterior to the airfoil;
T coolant = temperature of the cooling air; and
T mewar = bulk metal temperature of the airfoil.

Preferably, turbine engineers and designers try to design for a cooling effectiveness
ratio in excess of about 70% because the cooler the metal temperature the better the overall
durability of the blade 27. This is achieved in the present invention in two ways. First, film
cooling is employed to reduce the temperature of the hot combustion gases. The temperature
is reduced due to the mixing of the cooling air as it ejects from the exit apertures 63 into the
hot combustion gas flow. But, it is not desirable to rely on this method completely since, as
addressed hereinabove, the more cooling air taken away from the compressor 14 (FIG. 1), the
less work the compressor 14 (FIG. 1) can produce. So, and as described above, the present

invention employs a novel approach to internally convectively cool the wall 24 to achieve a
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22 are positioned within the pressure sidewall 28 as descri b%hzirei nabove,
the inlet apertures 61 will be perpendicular to the i FEBRUARY 207 on 08
and, as such, will be aligned with the flow of the Coriolis forces. [063]
Referring nowto FIGS. 2, 12 and 13, the benefits of the present invention
illustrated and described herein will now be detailed. FIG 13 is a prior
art conventjonal | ooled. airfaoil. FIG 12 is .a p|lot of required. bl ade

ool ng. {1 iRpte afi s arPesefive s acted fat it ol Ronbe M B Liefe. as
descri bed afovmplanthid Methedn\adiigh aidatliaple degredbof effitianlsy. aBehiegstir@bf on  shown in
FIG 13. Curve 130 represents the cooling effectiveness for the prior art

bl ade confGOPYRCEYS eRliagheRiiFiensy it gyncyan ofegw@t Rigoup gffhe.cqaling air aRit 3wl ng

ef f ecti venggighih 8 ntib@cir®itRoHsiBIYwsof the present invention disclosed herein
in FIG 4. Asimlar cooling effectiveness and the correspondi ng benefits,

as that shown i Mc&{F w@ndad2T comind ih] /HE machl @wach] with the enbodiment in FIG 3.
[064] The cooling effectiveness ratio is defined as the ratio of the
tenperature difference of the relative hot conbustion gases and the bul k
met al t enper at UM plaRottemperatper o theraolink 4if edigupcthe bgterseen t he rel ati ve hot
conbusti on gased apd nEhempoabant thecodlingruir enteiihg defihleetands fol l ows: (D =

[ Tgas - Tret ai | Af [gabuik healltethpertuvdsitke aiffgids = tenperature of the gas
flowng exterior to the airfoil; Tcw a"t= tenperature of the cooling air;
and T netal = bulk netal tenperature of the airfoil. Preferably, turbine

engi neers gpgs)das g RQatioh hbove QulheizicdPintQs atl deSighdriGeRhiBGEd WRNEREh heat i 0 1N
excess of about 70% because the cooler the netal tenperature the better the

overal |  dubiR thescoghing the wall 3dief th airfp;26. The prepangipaention. astboywn Bx@pte
pnvention | iolRNAY Sachieldsihis irfchdabBd He i\ ih3 GBS yd. OFiks® AhCSedbdifis
tenperature of the hot conbustion gases. The terrperaturg I's reduced due to
t he m xi ng &9 62,164, Goad shayn in FIGas, and 98j ¥ 04, showmin FIG. 4)aire tugpdence progoBs i nt o
the hot cqy i l,gw, vend Lol t desirable to r this

met hod conp%‘gp'ﬁ%gfﬁggfuhgg' S%C%Erl’etgésée&eﬁael?glf%g oevtg,m{efe';;%e t(r?'n‘airs 'gljf%égo Ing air

t aken away théereby dnhencingrtity @ndwtivd Heat Frhfisfer pach. Third, thepeslestais Hispdree theftpwessor 14

FIG 1 duce. SO, descri bed. above, th t _inventi
el oys’ a ORFHbF SRR 7 EPHED 1S TRPEETTy By AR ST A SAPT B0 o

achi eve a FIGS. 3 and 4, meter the flow to increase heat transfer pick-up within the microcircuit 22.

[066] It is understood by those skilled in the art and within the scope of this invention, that
the arrangement of the pedestals and the shapes and size of the pedestals can all be varied to

achieve the desired heat transfer properties for a given airfoil design.

[067] Once the cooling air is ejected from the microcircuit, 22, it can partially mix into the
) stream of hot combustion gases, G, and because of its own momentum, it can flow over the

sidewalls 28, 30. Thus, the ejected cooling air film cools the wall 24, and more particularly,

the pressure and suction sidewalls 28, 30, by providing a film curtain that protects the blade

27 from the hot combustion gases, G.

[068] Thus, the present invention provides a cooling system that employs a novel approach
to film and convectively cool an airfoil. In particular, this combination provides an
advantage over the prior art cooling schemes in that, to achieve the same metal temperature at
the wall 24, less cool compressor air is required to cool the wall 24. Less compressor bleed

flow results in the additional advantage of providing an increase in turbine efficiency. As
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EH- 10956 17 6 FEBRUARY 2007 desirable cooling effectiy A[rR @7
noted that traditional filmcooling of airfoils does O T hi s rret hod
to a high and reliable degree of efficiency. The nmeasure of convectlve
cooling efficiency is a function of the heat pick up of the cooling air as
it travels wthin the mcrocircuit 22, as follows: rlc = [ic+ cool ant, out -
T cool ant, al =

t enper at ur & o']r’ar?%l[o-[heg%fl ng tg? IFr%em Pénnélo low&g?? §\7el I"l“ c%ﬁgtﬁ?&}ﬁ%ﬁesp

t enper at ur ¢ syhertgisacaﬂgompwge pérformanoerand g terieblade] 1ife. sIheﬁnnirociEcmt' Pagf tl:e buI k

metal tenperture of 65 he e b

engi neers Bffaelﬁérg’eﬁthoélrpéové eél?né{n?fggei la\RAS Porflll ﬁ I]Z% %ﬁs ﬁ&? s cool ing
the wal | 24¢m@foyingehetienéfidl caﬁmgﬁb@g[pdsmemesdnﬂmemioerwlu a6t @Mmea[bngar ve 132
of FIG 12, achieves this increased heat pick up in a nunber of ways. First,
t he pedesta?rglcebt?b“sésowm‘@@veraﬂ“Eh@ﬁ/ﬁfﬁcr?ﬂﬁfG 3, and 90, 92, 94, shown in
FIG 4, are turbulence pronoters wthin the mcrocircuit 22. Second, the

pedestal s al so serve to increase the surface area thereby enhancing the
conduct i ve [¢f@ht Whila thefeelravp been deschibediherein & hplerie sonsidsred tas preprsferrechands | ow

t hr oughout h P

enbodi nent Sketslﬁal%%ﬁmg&l %g)f %ggre's: g{ntvgnt El &Pﬁ%(ﬁ f' a4 rE)s omerlg\ééglgg sha
transf er pibekppapenniotthosa skilled imitlor atirom whet tedBings bcﬁ‘&ﬁ] anfdtit is,sherefidee; éetsncﬂjtoby

t hose skil edln th ntion that t he
ar r angerment® SFUEAL E‘sa%%?@?ddd%’ﬂagf[‘ Fl'?‘é:th élsbtgcgp%%c?s g%d;”é%?ql eSRHL&% s can
al | be var safpebptheatbntdne t he desired heat transfer properties for a given
airfoil design. [067] Once the cooling air is ejected fromthe mcrocircuit,
22, it can partially mx into the stream of hot conbustion gases, G and
because of its own nmonmentum it can flow over the sidewalls 28, 30. Thus,
the ejected cooling air filmcools the wall 24, and nore particularly, the
pressure and suction sidewalls 28, 30, by providing a filmcurtain that
protects the blade 27 fromthe hot conmbustion gases, G [068] Thus, the
present invention provides a cooling systemthat enploys a novel approach
to filmand convectively cool an airfoil. In particular, this conbination
provi des an advantage over the prior art cooling schenes in that, to

achi eve the sane netal tenperature at
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the wall 24, |less cool conpressor air is required to cool the wall 24. Less
conpressor bleed flowresults in the additional advantHE§BRBARHRZH]I di ng an
increase in turbine efficiency. As EH 10956 18 6 FEBRUARY 2007 conpared
to the prior art, the present invention provides a novel mcrocircuit
cooling design to synergistically inprove performance and extend bl ade
life. The mcrocircuit 22 of the present invention provides an inproved
means WHAL ISCEAMMEBISy; (1 foj | 26. Thus, a bl ade 27 enpl oyi ng t he
beneficial cooling design of the present invention will not only have a

| onger service life but also inprove overall turbine efficiency. [069]

Wi | e 1t her & ¢wolieg breuit dispased betsvelne b irst watigtortioreandarsecoket wall portioa of a efallr r ed

and léfﬂ;ﬁ % Y, enbodi magts of. the present invention, other nodifications of
the i fUARS 10 USHA 3 82s HUOLG SRRIGL COMPIIS8se skilled in the art fromthe

teachi ngs Reyghity oﬁﬂﬁet'a?eftﬁ'nes HRE6RA M Sid ﬂ?s% Waﬁff)ohi?bn BSd Sy %Hm'eE‘PfoQﬁle a
appended clains all such nodifications as wthin the true spirit and
scope flofw patleof ¢oping himmnto B¢ d@HBG cituit FEBRUARY 2007 WHAT IS CLAIMED I'S: 1.

A cooling cigcuit flr orti nd secodwall
or t1 on ot et sl ARpaEPan el et ssecrdpdlbemBirel el oGS ho: o
pl uralcbg,]yngojlrﬂ&{,ggth%%fﬁ%%omgs&fbﬁﬁd in said first wall portion, said inlet
apertures provide a | ow pat h of coollng air into the cooling circuit; a

first exit apluelitgiof pqia@talsrmrdﬁngybqt\ne@asaml farsttwaldi pewtioh apd)sald oecondayall fir st
t sl ir f h t of t t
o1 ur apeCiproebiiEt BeetdRel i Ry bulioe RuutetnePind IroP R il By §

Secondredtangeddrbiwe Bffsét ddin BRSAMidrsanaccel erate and turbul ate the cooling
ai r passing therebetvveen said pedestal s are arranged in rows offset from

one anot hefirghelpngaied pedesal divgascd dadiallieandaxtendingdisbyeancaidfinsy walh gorivn éndi ng
bet | first
o ong ndaciste aleiorth, 5ol e heil pe ST pSEERAEL MRL BRI IR ReeBIE 4" S5

first peeréstalssdxﬂtsaldstattobxﬁu JI&] satd ﬁfbg aloagatgbpeatstial uniforindy diktyibdies thid dvdliagair he

cooling air _through said first exit slot.
through said first exit slot.

2. The cooling circuit of claim 1, further including:

a second elongated pedestal disposed radially and extending between said first wall portion
and said second wall portion, said second elongated pedestal positioned between said pedestals and
said first exit slot, said first and second elongated pedestals separated by a gap,

wherein the cooling air passes in part around said first and second elongated pedestals and

remaining part through said gap to exit through said first exit slot in a uniform flow pattern.

3. The cooling circuit of claim 2, wherein said gap is substantially centered adjacent to said

first exit slot.

4. The cooling circuit of claim 2, wherein said first elongated pedestal includes a projection
adjacent to said first exit slot, said first elongated pedestal causes streamlines of the cooling air to
flow around said first elongated pedestal at varying angles relative to a main streamline formed at
said gap, wherein said second elongated pedestal includes a projection adjacent to said first exit
slot, said second elongated pedestal causes streamlines of the cooling air to flow around said

second elongated pedestal at varying angles relative to said main streamline, said streamlines of the
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2. The cooling circuit of claim1, further including: gat ed
pedestal disposed radially and extendi ng between said ?ﬁ‘?ﬁg@%‘fﬁgﬂrti on

and said second wall portion, said second el ongated pedestal positioned

bet ween said pedestals and said first exit slot, said first and second

el ongat ed pedestal s separated by a gap, wherein the cooling air passes in
part a ied,.frid .St i, ni irat
b ougho e g g r AR R e AL R RRL L oo S A
patt er first8xitdlbe cooling circuit of claim2, wherein said gap is
substantially centered adjacent to said first exit slot. 4. The cooling
circuit of claim2, wherein said first el ongated pedestal includes a

pr oj eckl on 1AL ARRYLirk e SPdifinl 4 WeréiishidHhrtland S&lofld eldrihicl bonaai e pedest al
causes streani i nes o% the cooling alr to | ow around Sard first e?o gat ed
pedest &iangtlawmrshapegwiln gdie prajeitians iemediatlynaijavestto saidifirstexitotated at  sai d
gap, wherein said second el ongat ed pedestal includes a projection adjacent
to said first exit slot, said second el ongated pedestal causes streanlines
of thegcool 'THQc&ili"ngtcﬁ_cﬁi'tQF‘é_lﬁihPP,rIﬁrtﬁ@r!iHcluéiﬁ%P”d el ongat ed pedestal at varying
angles relative to said main streamline, said streanmines of the 20 6
FEBRUARY 200 3%econdEkxkinglotdispastd sasliallyfinsaitl segvaid seadiopratien, saidatewdpaidebtal s do
not inter%Fct eﬂfh ot her upon eﬁh%inggsaLd first exit slot. 5. The cooling
ci rcui PTOYIACE A SPHTE 2LHQY BAY WhPHIE CPINEAPULENd el ongat ed pedestal s are
right triapgstond elofg@bdp&ledlal dissaakd rddiNlyast icRREdingHREVeah QhiM st RAERIrtibP
said first exit slot. 6. The cooling circuit of claim1, further including:
a secofud said secendwallipepiosetid sagpred elpngatedpadgstalamsitipnodibétween sdid pedestalsand

d i l, Ot . q,d l ir.fl h . h | i
oo s ra 8B S Eod SR e SRR o P Py AT SR LG, o
bet weegodlmigdirthit.st wal | portion and said second wall portion, said second

el ongat ed pedestal positioned between said pedestals and said second exit
slot, said second el ongated pedestal provides a cooling air flow path out of

the cqolin ' ite . | LG l,aj W [ aid first
el onga? ed pggfgé(gog]{lﬁgic}]rggagggglgf ?’lc{&lge{}gn%Lrllgﬁg%:tﬁl%{rga{z;égﬁgg‘l{as%l ! (% (gegiag-l First exit
sl ot, prijettibh adjacenlt ongidd firdt pedslst, sdid tiastebmgated paddstah esused sttdamlineoof therg ai r
to flow around said first el ongated pedestal at varying angles relative to a
mai n  cooling air to flow around said first elongated pedestal at varying arigles Telative to a main

streamline formed at said first projection, wherein said streamlines do not intersect each other upon

traversing said first elongated pedestal; and

said second elongated pedestal includes a second projection adjacent to said second exit

slot, said second elongated pedestal causes streamlines of the cooling air to flow around said

second elongated pedestal at varying angles relative to a main streamline formed at said second

projection, wherein said streamlines of said second elongated pedestal do not intersect each other

upon traversing said second elongated pedestal.
8. The cooling circuit of claim 7, wherein said first projection is substantially centered
adjacent to said first exit slot and said second projection is substantially centered adjacent to said

second exit slot.

9. The cooling circuit of claim 1, wherein said pedestals include:

a first group of pedestals to disperse the cooling air as it enters the cooling circuit;
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streamine forned at said first projection, wherein sauﬁgﬁmﬁzyv%ﬁfs do not
i ntersect each other upon traversing said first elonga pédestal ; and

sai d second el ongat ed pedestal includes a second projection adjacent to said
second exit slot, said second el ongated pedestal causes streanines of the
cooling air to flow around said second el ongated pedestal at varying angles
relative to i e far } j i, N

ai d st r cant RRSENDpPbEREHl: Tirk o FReAlesRhoh BEFD Mg AIORS kb or SoRLE

ot her saig first rovavEpeiestgls paoddes for anuifetn figat distripetitesdnd redi®e tHhmrloderce ofjthe
circuit qf claim?7, wherein said first projection is substantially centered
adj acefOP8 af first exit slot and said second projection is substantially
cent er ed adj HRENw bPmbritlg pRGAthANIda bt redtriclBPrRRRhAGaRd fiStichy & ¢l al m
1, wherein said pedestals include: aTifst group of pedestals to disperse

t he coptdesglsaind said first geonpeofpetestaleool i ng circuit; 21 6 FEBRUARY 2007 a
first row of pedestals having a smaller restriction factor than said first
group of pedestals, said first row of pedestals provide for a uniformflow
di stri byt i orhepshling et b@aim!0 BWhREIR Qi peldditals MERAENG air; and a first row
of nmetering pedestals having a greater réstriction factor than said first
row of pedestcahd ramdf pedestalsipositiogedobatwern spistifarst mivsof pedestals end srd Firgg raw r cui t

f claim9, .wherei i.d | tal s inglude: d f t al
posi 1 BHBRCERE R LR PRILT O ot Retic ool e ool o el BT 7
et er i gRlaIRGISSicion fAN6r thanh Shid ks tgl_'(ﬂl?_Q)‘fBe&B(staB‘? 648 k&dond réwiod psRsaNchrbAve &
pedestals having a smaller restriction factor than said first group of

pedest amsgiforsnflow destraiionand s¢duge thedurbulenes oftheleodling aim uni f orm f1 ow
di stribution and reduce the turbul ence of the cooling air. 11. The cooling
circuit of claim10 wherein said first group of pedestals and said first row

of pedest aflhe bolinp @iresis 6Nélaiad | ¢ wabeiigaidfirst §reGp of pédesdBrand Rajdeitstabasss
sections and sajd first row of netering pedestals having essentially
ci r cul Apdesgtalshavingessentally alongatederight sylindgr shaped prosprections apd said st emitisai d

pedest ﬂle?erftnﬁge&%!?ails 1?av§ﬁ§' %Eerﬂ{aﬁy Qir@harpc?gs“s‘%fg&iois.t o disperse the cooling air as
it enters cool'1 ng rcurt;"a first netering row of pedestals having a
restriction factor greater than a restriction factor
12.  The cooling circuit of claim 1, wherein said pedestals include:
a first group of pedestals to disperse the cooling air as it enters the cooling circuit;
a first metering row of pedestals having a restriction factor greater than a restriction factor
for said first group of pedestals; and
a second metering row of pedestals having a restriction factor greater than said restriction

factor for said first group of pedestals.

13.  The cooling circuit of claim 12, wherein each of said first group of pedestals having an
essentially flat side and a contiguous rounded side, wherein the cooling air upon entering the
cooling circuit impinges onto said flat side and is diverted by the contour of said rounded side

around each of said first group of pedestals.

14.  The cooling circuit of claim 13, wherein said fist and second metering rows of pedestals

have essentially rounded cross sections.
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for said first group of pedestals; and a second "Ete”'%%#égﬁéﬂ gﬁ?estals
having a restriction factor greater than said restrictio b or said

first group of pedestals. 13. The cooling circuit of claim 12, wherein each
of said first group of pedestals having an essentially flat side and a
conti guous rounded side, wherein the cooling air upon entering the cooling
circui tyci npi t i i de. { i of3 - of said
Founded”si adio R s el P o, Shetfin3ad ek B ex i ot RorR 0
ci r cui tgreafer dlaniaboiitd). 10nnehesi N said fi st and second netering rows of pedestals
have essentially rounded cross sections. 22 6 FEBRUARY 2007 15. The cooling
circuit of claim6, wherein said first and second exit slots have di nensi ons
no gragter Ut EUdi RN ShorchPsaid et GRAIrB0h e GHLd rathe sibitl ™ 1.
wherein saidﬁ?ﬁﬁggagpé?turesnﬁaﬁe grra%% tracg shape. f%. fﬁe go i ng
circuit of claiml1, wherein said inlet apertures have di nensions no greater
t han out Q. 030,.i nches. . The cooling.circuit of claim10, wherein said
first gpoup cﬁ@’d%%?léﬂ"é“}fl e mgErin saiiniefaperfies have fimengigns norereabsitbary. o2
i nches jpQdRYtin@ed4 i nches, said first and second rows of pedestals have

| engths and widths in the range of about 0.015 inches to about 0.025 inches
and said first row of netering pedestals have di nensions no greater than
about 020 j,nches. 19. .The.coaling circujt of clajpm 10, erein the pitch
bot veerBsal dTBGUBLIAL Y PLEIATE 0k Plereis gt frsErofi fhBtdetels ot Bt afa Fow o
pedest a{igthaifkhe Bdrde SELOVM 0102Uh&Hes RESKDY 6.0 idched) Qaid TRALAA sbivd raRobt 0. 0615

i nches and wherein the pitch between said pedestals in said first row of

met er i pgdgstatidmve lengths and ovidthe it e rariga of albont 0.00 5 daches tocdbout 0.925 irthes andshidng
i i f claim10, wh int di al i bet dj t id
CL % 8o ol LS} B e PR RSB ™ o5 . 00

i nches, the radial spacing between adjacent said pedestals in said first
row of gedestal s is no greater than about 0.040 inches, the radial spacing
bet weerl%adj dbe aeolgicircpié @belaim 40, whesein dhespitehrigtwesw said nsdersals in spid rspgroup

greater bot i . radi al j t j nt
2o d pobbSRReE B aif P bReNER BR Sl G AT oL BRESE: RS WIERD BRA6T .,
about 0.0829 inched @l wherein the pitch between said pedestals in said first row of metering pedestals

is no greater than about 0.040 inches.

20.  The cooling circuit of claim 10, wherein the radial spacing between adjacent said pedestals
in said first group of pedestals is no greater than about 0.020 inches, the radial spacing between
adjacent said pedestals in said first row of pedestals is no greater than about 0.040 inches, the radial
spacing between adjacent said pedestals in said second row of pedestals is no greater than about
0.020 inches and the radial spacing between adjacent said pedestals in said first row of metering

pedestals is no greater than about 0.020 inches.
21. The cooling circuit of claim 12, wherein said first group of pedestals have dimensions no
greater than about 0.030 inches and said first and second metering rows of pedestals have

dimensions no greater than about 0.020 inches.

22.  The cooling circuit of claim 12, wherein the pitch between said pedestals in said first group

of pedestals is no greater than about 0.060 inches and the pitch between said pedestals in said first
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21. The cooling circuit of claim 12, wherein said fi rs ]ﬂg‘p ({Bgdestal S
have di nensions no greater than about 0.030 inches and® 541 ‘?l rst and
second netering rows of pedestals have dinensions no greater than about
0.020 inches. 22. The cooling circuit of claim 12, wherein the pitch between
sai d pedestal s in said first group of pedestals is no greater than about

0.060 in nd the sal dest a LKp.said first 23 6
FEBRUA Hn%éc‘%s %thpr’?gfsé Or% er(%ﬁarbib(?élﬁ‘gﬁg 18%0 greater than
about O. 040 |nches 23. The cool | ng circuit of claim112, wherein the radial
spaci ng bet ween adj acent said pedestals in said first group of pedestals is

no greader tHasoalirgfirgiteiol aﬂtﬁdﬁeyh@rﬁal tbﬁéadiaéapa&lngs%wmadm@@m pedegtale ent
sai d pﬁﬂﬁ& AlsP o ollp %Pg%g%fsﬁén n g%g&ggmgbﬁﬁtoﬁdioﬁﬂcﬂg te BEIESheh blet%ve@fP

greater an a ow alr conprirsin
havi ng adjaédnt sdid pedektajydn said dirstratd dechad orederivg rowp of p¢dmtalsas ne dreatey ﬂiaheaboutan
internal cavity into which cooling air is flowable froman end of the

ai r f oi D:01amehes.cool ng circuit disposed between said first wall portion and
said second wall portion, said cooling circuit including: a plurality of
inlet apertures disposed in said first wall portion, said inlet apertures
provi dé4a Wlml\lopzaetiifoid),fconrpmilsinlgg air fromsaid internal cavity into said

cool ing circui a fir sl ot di spos adially in said second wall
portion, saP(‘J"aL AN orﬁ%evfgégecangwa@|ppﬁ§>ndplrne¢anxﬁbﬁ&th out of said

cooling Cirghidernsd cQ%W fhd @v}hc‘ﬂfcoI?ﬁﬂ’g?éI- Fs'fﬁ)vfjfﬁleef?@lhﬁﬁ cREbMERMIA]; dnd! r st wal |

portion and said second wal portion, said pedestals accel erate and

t ur bul at e t heoangldineyit dlspomlsbstwgntshlelrfﬁbtewa/lhmmoxs andisaid skeshdvall partenasaidinged
in rows qffset froH% ne another; and a first elongated pedestal disposed

r adi al FOOIHGFISRYE Bi§ ‘between said first wall portion and said second wall

portion, s ahghfrél{@ Bf RIQRPALEEs HigpRsd al sali)d)ﬁirsi Wal %Qrtioﬂ“?éi'dl fll&l apefatyproNideal d

pedestal s and said first exit slot, said first elongated pedestal unifornly
di st ri Bowawth ¢fecoobug ainfroni said tnltmmlg:hvmamtb faid eqolipgictrewit:ot . 25. The airfoil

the” aroup BEFEEFRyaSFoR aditboaoay e aer A atoirbes « ™
cooling air flow path out of said cooling circuit;

a plurality of pedestals extending between said first wall portion and said second wall
portion, said pedestals accelerate and turbulate the cooling air passing therebetween, said pedestals
are arranged in rows offset from one another; and

a first elongated pedestal disposed radially and extending between said first wall portion and
said second wall portion, said first elongated pedestal positioned immediately between said
pedestals and said first exit slot, said first elongated pedestal uniformly distributes the cooling air

through said first exit slot.

25. The airfoil of claim 24, wherein the airfoil is fabricated from a metal selected from the

group consisting of nickel based alloys and cobalt based alloys.

26.  The airfoil of claim 24, wherein said cooling circuit occupies a wall surface area no greater

than about 0.06 square inches.
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26. The airfoil of claim?24, wherein said cooling cirCLgéEﬁﬁy: | 37 & wal |
surface area no greater than about 0.06 square inches. ARY 2007
27. The airfoil of claim?24, wherein said cooling circuit has a thickness
into said wall no greater than about 0.025 inches. 28. The airfoil of claim
24, further including: a second el ongated pedestal disposed radially and
extendihRg b aSal (. finS I .on . ap (o} I t]

ai d s8tond By SRR Angashufels saRfiobliBhe A bl d BRGSO T, W oo By
first ¢ehantabskt@t0259a¢k@dsfirst and second el ongated pedestals separated by a
gap, wherein the cooling air passes in part around said first and second

el ongated pedestals and remaining part through said gap to exit through
said fhgst gﬁéﬁﬂ%hQEch @4u5ﬁ&?{ﬂ&ﬁb91:pattern. 29. The airfoil of claim 28,
wherein said gap I's substantially cenfered adjacent to said first exit

sl ot. 30. Theecand tlongated pedeatahdidgysedvreeliadlyrand @k @nding betvedeangidtfast woedbjpstion

includes,a.projection adjacept to said first exit.slot, said.first
el ongatutaibeoit el 2odich ST tesnnd HRSEH Rt GRomltingodbvEd FidRrinbng
S 01 148 Grale 9B S ATRAGHIAbohls MR oG SEphalealy 4epapo 2 el n

stream ine fornmed at said gap, wherein said second elong t ed pedest al
i ncl udes a pheieacthe opoling] acpassestin parh ardpuhd said fiestiand s¢cond elopgatdd pedestals and

Cecond e BREERb IrpEAbRErn TP S beleRliolPhAibradier Rl =

stream ine, said streamines of the cooling air of said first and second

el ongat ed pedestals do not intersect each other upon exiting said first

exit sPBt, 3he airiod diclfini28, whereinasiaid @0, is swbstastisllyseenteréd adjaceantd sswlciomicexit
elongatfg pedestals are right triangular 1in shape with said projections

i mredi &F |y adjacent to said first exit slot. 32. The airfoil of claim 24,
further including: a second exit slot disposed radially in said second wall
portion, said second exit slot provides a cooling air flow path out of said

cool i ng0ci r &b¢ airfodred clpimedowhiersinpaisbiitstiel pegatash pedealdpdudas a praieation/adigagnt

ext endi . .4t rij i [l | on,

oni s SLBiGREYEREE i B Zlontel oPRll g S aR b AIRE BB BN °C ¢
second afwihd s#ill Gist ebapsted pedestil & vangag acgle;s&dlaﬁba{o Pmain sheamén€ Gatned gt &id | ow

pat h Olé;[lp,?&];herse?lll gaid second elongated pedestal includes a projection adjacent to said first exit slot,
said second elongated pedestal causes streamlines of the cooling air to flow around said second
elongated pedestal at varying angles relative to said main streamline, said streamlines of the cooling
air of said first and second elongated pedestals do not intersect each other upon exiting said first

exit slot.

31.  The airfoil of claim 30, wherein said first and second elongated pedestals are right triangular

in shape with said projections immediately adjacent to said first exit slot.

32.  The airfoil of claim 24, further including:

a second exit slot disposed radially in said second wall portion, said second exit slot
provides a cooling air flow path out of said cooling circuit; and

a second elongated pedestal disposed radially and extending between said first wall portion
and said second wall portion, said second elongated pedestal positioned between said pedestals and
said second exit slot, said second elongated pedestal provides a cooling air flow path out of said

cooling circuit.
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cooling circuit. 25 6 FEBRUARY 2007 33. The airfoil of i erein
said first elongated pedestal includes a first proj ecti%ﬁéﬁlgg}%%‘fﬁhto sai d

first exit slot, said first elongated pedestal causes stream ines of the
cooling air to flow around said first elongated pedestal at varying angles
relative to a main streamine formed at said first projection, wherein said

st reanmhhnes . i c t i i I .

ol ongatan potoaflil Jrgkih BTy neRibaft At AR AUSIORARIAY sl iofibion

pr gj echiijacenadj satkfitst é)crﬂ: slat, caid e eibngated pedelsaal causes sreamiliaebfaho e@iing dir to
pedest causes streanlines of the cooling air to flow around said second
el pnga?@& Peudsei firgt clongadpedasiyliab varymeanglse redivg toraimain sreamlinedernetated at
sai d_seaant: pRGOIEAL hAleinBRY FelmAAlHidi GAPLEA SRSl 8 aRMeShongal od
pedest a 0 ol’l I ntersect each other upon traversing sé’.B secong e]l ongat ed
pedest along8dd pédestabiand oi | of claim 33, wherein said first projection is

substantially.,centered adjacent . to said first. . exit slot and.said second
oroj ect i on F49 Stonf sipesied pedesiat pludesgreseadproisstion pdjacet Brpidsepnd €iby . 35,

The ai gfoPishid@bcdnb@idRgdttd p‘éﬁ'&fa%&hsé@&t‘é%aﬂ@ﬂ_@%ﬁh@ codlflgWitao fovf Aodhd #i@up of
pedestal s to di spersg the cooling air as it enters gal d cooling circuit; a

first senandelopgatedpedestahatwanngangielbletive st maiotsiream finecfoomed htomaidsscohd i r st
group of .pedestal s, aid fjrst raw of pedestals proyi.de for a uniformflow
i ot Pi B REREaN FbsalBtErliios iR steorB et Bebietl 46 ol esfbat eh SHE ' 1 o
of met @pbGaREFESIAd SecBAY LIdHgAeDpRREEE restriction factor than said first
row of ~pedestals and said first group of pedestals. 36. The airfoil of

cl ai m 35, wherein said pedestals include: a second row of pedestals

posi ti gped t ween, sai,d first row of destal s .an aj.d,.first ro 0
e er | 0 pecdieire! SFgekpd inerSt'sgp o8 PEmt oS NheBREL {ened RlibceBlioor
pedest gAid fiid ¢k gloRandsid bkbnd BRdctibh issbétamialliy cemeredadjadertit Sdid YERHA eRit
pedestal s, said second row of pedestals provide for a uniformflow

di striB@ti on and reduce the turbul ence of the cooling air. 37. The airfoi

of claim 36, wherein said first group of pedestals and said first row of
pedestal s having essentially elongated right cylinder shaped cross sections
and saidd. fi Mhé airfoit offcldimt2; igrein said pedestals include:

a first group of pedestals to disperse the cooling air as it enters said cooling circuit;

a first row of pedestals having a smaller restriction factor than said first group of pedestals,
said first row of pedestals provide for a uniform flow distribution and reduce the turbulence of the
cooling air; and

a first row of metering pedestals having a greater restriction factor than said first row of

pedestals and said first group of pedestals.

36.  The airfoil of claim 35, wherein said pedestals include:

a second row of pedestals positioned between said first row of pedestals and said first row
of metering pedestals and said first group of pedestals, said second row of pedestals having a
smaller restriction factor than said first group of pedestals, said second row of pedestals provide for

a uniform flow distribution and reduce the turbulence of the cooling air.

37.  The airfoil of claim 36, wherein said first group of pedestals and said first row of pedestals

having essentially elongated right cylinder shaped cross sections and said first row of metering
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26 6 FEBRUARY 2007 edestal s having essentially circul tions.

38. The airfoil of cFain124, mhereig sai d pedes?als inc?gﬁéﬁggﬁ¥?§§t group

of pedestals to disperse the cooling air as it enters said cooling circuit;

a first nmetering row of pedestals having a restriction factor greater than a

restriction factor for said first group of pedestals; and a second netering
tals havi n trlctlo factor greater than said restriction

f
][g\(/:vt gr p?@ers?a Sa}?adll\glef§etntlgp%ﬁ‘ﬁcu?rcﬁ%sdég(f WS 39. "The airfoil of claim 38,

wherein each of said first group of pedestals having an essentially flat
side and a contlgwlus rounded side, wherein the cooling air upon entering
sai d cé@l | n& e pifoll; of claimy)dn yhsreghsaid edestals|ingludsi de and is diverted by the

cont our | edest al s.
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32, wherein said first and second exit slots have dinensions no greater
than atiefeidfirsoerppp abredestals; ade ajrfoil of claim24, wherein said inlet

apertures h%‘é?o’f\ "t gr B6KorHLaRGals fisbin :ﬁT 'E1Ef? cté}fgr%&otg%r?s‘hd x}g’g@cﬁb Sa' d

inlet apertures ave ImMensi ons no gre an about I nc

ai r f oi |facdér fot sidfid6gronpef pedeswmds. d fir st group of pedestal s have | engths and
widths in the range of about 0.02 inches to about 0.04 inches, said first
and second rows of pedestals have Ilengths and widths in the range of about

0. 015 i39cheght QirffIUlclAmORS whifeiESach e sa‘-i@'ﬁ%t otd tof QM\és‘t"Jls hz[V?ﬁgaa[d Qgertaflgst al s

have di nmensions no greater than about 0.0 i'nc . The airfoil of"claim
36, whdlatside arhkn «pnmnghomerpmind sedg, d/hp:edethe ad)qimgrals@od ehterrmg Sgudcmpllmg‘ circuit
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pitch %gt\@gﬁ{b&%gespﬁgestal s in sal d first row of netering pedestal S is no
greater than about 0.040 inches.

40.  The airfoil of claim 39, wherein said fist and second metering rows of pedestals have

essentially rounded cross sections.

41.  The airfoil of claim 32, wherein said first and second exit slots have dimensions no greater

than about 0.10 inches.
42.  The airfoil of claim 24, wherein said inlet apertures have a race track shape.

43.  The airfoil of claim 24, wherein said inlet apertures have dimensions no greater than about
0.030 inches.

44.  The airfoil of claim 36, wherein said first group of pedestals have lengths and widths in the
range of about 0.02 inches to about 0.04 inches, said first and second rows of pedestals have
lengths and widths in the range of about 0.015 inches to about 0.025 inches and said first row of

metering pedestals have dimensions no greater than about 0.020 inches.

45.  The airfoil of claim 36, wherein the pitch between said pedestals in said first group of

pedestals, said first row of pedestals and said second row of pedestals is no greater than about
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46. The airfoil of claim 36, wherein the radial spacing | acent
said pedestals in said first group of pedestals is no %P@#@&YZ‘% about
0. 020 inches, the radial spacing between adjacent said pedestals in said

first row of pedestals is no greater than about 0.040 inches, the radial
spaci ng between adjacent sai d pedestals in said second row of pedestals is

no great h t ches an C between
o d pOdBL? OB AASHerp tichi B ERn R I S0 R ARER S MELIRE iR an
about &&Q@edtaqhasabowo,ommoaeg,f0| | of cI aim 38, wherein said first group of

pedestal s have di nensions no greater than about 0.030 inches and said first
and second netering rows of pedestals have dinensions no greater than about

0. 020 ipche A il ' . ' [ e

pedest s | mrianf ST 16 inelin fice e hpctp BEICEn be i S pRRRUEER 58,5,
i nches figdt graupef pedestaldie nvgesates ahah 4otk 020 wchds, hairgdibli spating betweere adjnetnt
nmetering rows of pedestals is no greater than about 0.040 inches. 49. The

ai rf oi FaidpedesisinIad fifHapyiof Pedestalaigingiereptdhang bout QB840 inghgss therradiakspacing
pedest @13 ler[f' cggéeﬂt sa1<{l ﬁé&esﬁfsqlf@ 1 e&%ﬂ?&&/%!f gede%taﬁ% gg %?eta'? e{?xlaé?)oﬁtb@bﬁ 0.020
i nches "and t he- Fadi % st a

spaci ng between cent sai S Insadfirst
and s eqm:hels areltthe radipl spacingdietwethasljabst shil pa:desgaleat said ﬁfsarovabf)mttenﬁg Pddestals

i nches, 28
is no greater than about 0.020 inches.

47.  The airfoil of claim 38, wherein said first group of pedestals have dimensions no greater
than about 0.030 inches and said first and second metering rows of pedestals have dimensions no

greater than about 0.020 inches.

48.  The airfoil of claim 38, wherein the pitch between said pedestals in said first group of
pedestals is no greater than about 0.060 inches and the pitch between said pedestals in said first and

second metering rows of pedestals is no greater than about 0.040 inches.

49.  The airfoil of claim 38, wherein the radial spacing between adjacent said pedestals in said
first group of pedestals is no greater than about 0.020 inches and the radial spacing between
adjacent said pedestals in said first and second metering rows of pedestals is no greater than about

0.015 inches.
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