M CROCI RCUI T Al RFO L MAI NBODY [001] The governnent may have rights in this
I nvention, pursuant to Contract Nunmber F33615-02-C 2202, awarded by the
United States Air Force, Wight Patterson Air Force Base. BACKGROUND OF
THE I 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. H storically,
one of the principle techMiIgROCIRGUITAIRFILMAINBODNncy has been to

i ncrease the gas path tenperatures wi thin the engine Using internally
cool ed co

| gh. er.at u acity allo has
acconmodat'e the ncreaselgl gir?%é" a{ Erﬁglés mn E'BIi’ R Sgi"é{t‘%? %lg'émgeﬁd bl ades,
for exanplR336ikHa2- CWOZakvlagdcdbpﬂ\edJrﬂlsdlEgte@@mIFcE&SWn@tPaWoK@drF&c@ hi gher

pressure, put still at a |ower tenperature than that of the core gas fl ow
passing b %%e blade or the vane. It will be understood that conpr essor
bl eed air for such cooling will be unavailable to support conbustion in

t he conbustor The hi gher pressure provides the energy necessary to push
the air tBA& gﬂh H%HNV' dﬁhficant percentage of the work

i nparted {qu2 h?hls @rhremliﬂnﬁgla{eg fU@a& Hﬁblﬁ&@ﬂ?ﬁéﬁ@ n&‘?ﬁ"\@r}ﬁqﬁ an hﬁprl)? ChOQH‘Eeénng the

cooling process. The lost work does to the thrus gi ne
and negat |5‘€}'@F3¢f@fiﬂ@@tss 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 fromhigher core gas path tenperatures and the
conconi t aff03heBfficicocy s@lprintany dminmm oohp deségut of aay gastthltbuefeh'gmé eHiyricalbt, from
ere accordin at val ue

bl eedi ng that oo T r

et i Sl e Bflet Mol o Pitdfiog (el Pt et Pl .

Thus, to rmperdteres Within sheeng.ﬁe CHsinginengillpeopled étﬁﬁ;ﬁﬁhﬂﬂ@nﬂ&@frbxﬁ highavai | abi lity
of coolln airflow to ort conbustion schenme for cooling bl ades
and vanes geﬂf?f ‘Hﬁﬁpﬁflﬁyeﬁftéﬁghasﬂf‘i"ﬂ%‘%ﬁeﬂl"PechrE%ﬁ‘bPE@E'BF"‘Eﬂ dapp gl’i’rng air.
[004] Pri eiineatiid bladys 2ot @(aﬁip[ef 8t kypicaBP cSWBirigtofmpfassot dir \JOYMQ@L highémc! Ude a
plurality of internal cavit I es, which are supplied with cool |ngma|r

cool i ng aPTesyy&es bulstifliat lupier tepperamry thast thatpf the.gorg grsiflop/massingbysthe blads on and
transf er s HeR@ndrat wANG WdeRBY thaf Qf o rpgeg‘?% r®leedl Qir ffor! sﬂclf &%hﬁ% RALESunayiabFRNNE

in which the cooling air passes the airfoj I's critical to the
ef fi ci enc{p support combustion in the combustor. Thc 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 durihg the coolin g 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 zas path temperatures and the concomitant need to cool
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 of the process. In sone instances, cooling air is passed through
straight or diffused cooling apertures to convectively cool the wall and
establish an external filmof cooling air. A mniml pressure drop is
typically required across these cooling apertures to minimze the anount
of coollng air that is imediately lost to the free-stream hot core gas
passi ng byf the@rocgss: flp sgme mprenqers §PPHIE ajFrieBassadethepughpstiaight exdiFfisedpralihge ed

t hrough a I ted b
plurality %Mﬁg’ttg%?{nn‘gz%%% ?)gmsmq tflmbhLﬂHeangésx Eer"%l lrr[ggpgoc?ig% g %‘e airfoil
wal | can masumal piessurendies isnﬁbrtﬁymmxratmoeosgalmse moﬂnhguperﬂumsad hmiriageshe t he

m ni mal dwyel cool i.n ert as wel| as the size of the

cool i ng a\églr P?Jtroté c‘lr;rr'ﬁwg Httﬂﬁ?ss T%gla%rlyalggé%%?f ifgc%h‘?t iAY 28 PaSing by Jhe

i nef fi ci eairfoill G@S}mﬁﬁﬁl pressar dodp is 0Qfafl @ piddueedaneb i plGANyRS chatiekdyikiin POOr
frlmcharahcterl sr those gpllcatlons utilizing a cooling air filmto
cool a wal Prplity & mstering holes. (kg smal|agrespuse grapastasses i | m

cool i ng ak@fdl walVéah |res§1¢'itf @rﬂ@suaﬁiefhbi d&@ﬁas(iﬁ-ﬂb{vn% Al Lastd ﬁi\é%lhf?lgll glvel'f'g the
surface of the wall _increases the uniformty of the cooling I nsul at es
the wal | fiF§iR tscookngsappinge povelbasitee dzesof e goolingepeofreghakes thnsrtypeh@f art will
recogni ZecoMW%ﬁoln{%ﬁfantél yiefRRLing is difficult to establish and
maintain in the turbul ent environnent of a gas turbine. In nbst cases, air
for filmcooling is bled out of cooling apertures extending through the

wal | . TheL otsgrmw Mugg?flﬁﬁgécgﬁﬁ%g %ﬁagrgglﬁl) ngl fferﬂf%g“‘ﬁ? ‘f)r}sﬁssugﬁogrmt I vati ng

t he cool i out o cavit f the

pr obl ens ap;émmcm's etdlizing hceding gir ﬁpmtdaobl—‘:swhldl Hsrbablr i ManpcBen ftiid\@esiable f i | m
is the filmn I tivit e d across the rtures. Too
great a pto °§§Bﬁ§“§i”k‘f°§¢‘%¥@8ﬂ%¥‘r§§ aé)gﬁ W‘r E'éY?s‘ng"ﬁ‘Eg r to jet
out into fdifacpetini n@llm&sesgmmﬁfahiﬁ@roﬂdi@&oﬁhgiaddln&dl&ksftﬁéWﬁllfr@ﬁ‘rtﬁé a film
of coollng air., Too small a pr sure difference. will result in negligible
cool i ng aPPFPERPYIFORASH ALRFECR B hw@eﬂwubwg%nl@nhqwm@ar@mmmwr e
gas. Bot hdigR&mso 86iiish 8hd/maihfafGh tel thrBue R nvREnhdnk SFzI a\é%ﬂsﬁé rf\pedher

probl em associ ated with using apertures to establis I'mcooling is that
cool i ng afases air fordilmcoating is bled antf eealiaggpertures, extqndmamroughahe 'eralbn’ghta

CONti NUOUR i '"E‘I‘éd" refEtORP SmBPhYEERce! 1H§re§§§{ fnbfi¥Rin ﬁ'IEQOgl %raﬁr giately
downst ream of those gaps, are expose €SS cOo an are t he

aper t ur esingampl Pmtysqﬁdmfmtmml dtielpyolﬂnmmm with nsmg appantesitoesiablishd ar e
t heref or €, E%rliﬂg Eh ﬁxﬁ% th Iﬁf“m’g QensiEiQ?yr trcrl%lressurg dl%j:rcnce 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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10061 Turbi ne engi ne bl ade designers and engi neers are constantly striving
to develop nore efficient ways of cooling airfoils to prolong life of the
airfoils and reduce engine operating cost. Cooling air used to acconplish
this is expensive in terms of overall fuel consunption. Thus, nore
effective and efficient use of available cooling air in carrying out

cool i ng ofturbmeiairfils és desirablanat enlyiite proldng trbing dkide lifel bat aled todmipyove thepr ol ong

turbine bl, dob bEmP f|C|en h

wel |, ther eg c%g’alfjtn h Réé%&@ﬁle{éﬁgg%ﬁetogt%nngg &L oPe ﬂ%%?fﬁ ﬁ?’fsﬁ‘ﬂ’en 3here i's
a continu |thﬂge ne@dnmnummeant thé an fox acoalirigndgsighe thagwill thalle riérk kffegae antr e
effective e cie of aV|IabIe coolln air and |n particular, to
i ncrease te ent ;e O AN lg‘t’le gﬁﬂ‘@raé{taﬂ & PEHCURL 1D dncrease the retgrginleh FMPERYTS equi r ed
for the sawaearat@menmlmtg floaneQiiRY E6rahe siHMY&B}/mQE:énM\éﬁiﬁ%Q\l [007] The
present invention provides a microcircuit cooling systemthat enploys a new

and effective approach to cool a wall exposed to a high tenperature

envi r onmeQUMMRARY FINVSNTROQ! i ng. I n the exenplary enmbodi ment, the wall
cooled is in an_gpas turbi ne engine and nore particularly the wall is an

airfoi | w7l prasent isvendion pravidepr eucserircuit peolingsystpm that ceploys neadandnt age
over the pflgfe glﬁrf{g&ﬁ,géf @9@@2%@@{3 atﬂ“g{ temgé’raﬁ?e emuonmen‘? tha?l%FiU{negggl

tenperature at conpr ess require
conpr essorodiinge & the exemplay embodimesththe vatl dboledisah a gakvtarlbﬁra:g:agmfz apd metedi Ng an

I ncrease fifd & ool ing .circuit enbodi ment of the
present |hvenl¥l né?’lgé've‘l |1%%10a§120 YwaIEOHO glcflﬁf’gtfe e\% mb‘%’f‘?’i‘ BVt second

wal | port adwanwge aveneiel privuit edsllieg Eahemasﬂ: that, (@ agtfiévelthd inEnflgétiperaniiaat
cooling c rcwt i ncl ydes a Iurallt% i nl et ag%_blt]ures di sposed in the

first wal PeS¥Ph {e8HCOPECOMRreNsPr R is reApRRg- J48HeomtPresss blssd flgwresulis i ige cool i ng

circuit, additional advénthgesdf@rovidingdariacteass i tuebinbEfgipstynal | portion to provide
a cooling air flow path out of the cooling circuit, a plurality of
pedestal s arranged in rows extending within the between the first wall

portion afpds} hﬂ“ae%gn ird0R enbORMEAIR dﬁ"ﬂes@ntﬁh\feﬁfloﬁsg 8@&9‘% ﬁ'pfﬁlltsr\kall

di sposed radi al lci/ ext endi ng between the first secon
por t i ons. PorAen and assecendorajbrostipnnf dcellvitable fmgsetm@lsmutmmevmgmet fﬂae pedestal s

and the fécKoT’:BF Eatdddit i5¢108es a ¥ nafty éﬂfmﬁk % les ﬁﬂg& b [Fé ﬁPsF rvtaf‘eo ent

I nvention 1 ncrudes an ext HES PO and a
second waprovide aflowrpathoéfivedingadgrahioche co:ahng cltoenrmﬁrscaw slot dlspbmd\hhlhe h

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 further including
the cooling circuit, according to the cooling circuit enbodi nent, disposed
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
[011] FIG1 is a sinplified cross-sectional view of a gas turbine engine;

012] Fl G gy ' i c.view of .a turbine blade that includ
ai 01| SR8 14 FORERRRY s ool i b B0t Bh R oci r cul o

di sposed in a wall of the airfoil; [013] FIG 3 is an enlarged di agrammtic

view of a iLnent of the mcrocjircyit _ cooling scheme of the present
i nvent i onﬁofﬁﬁbg’éa d%gfaé'mﬁ‘ﬁ‘ce"m"é? Y dl'?eabd‘?dgﬁé?éf‘i‘:@%? Apigeil showing &y nat i ve
ermbodi mentpl@rhlity e the Preten Giveatibd meARIrENG dpb@AEn #lvall BEHBRRERANt | Nventi on;

[015] FIG 5 is a cross-sectional view of the airfoil of FIG 2 taken al ong
5-5 of FIG 2; [016] FIG 6 is a partial cross-sectional view of the

ai rfoi | bliagy ¢80) $isa ehlBrobd BagamthRE Giewld?sn gﬁ)ﬁ&ﬁﬁ%{ﬂ%fme.rﬁigl%gﬂé i 1 ow

t hrough the cooling passage is radially outward and show n eed trip
and inl et capléng sgheme ofithg preseatinvendiomi crocircuits in the wall of the airfoil;
[017] FIG 7 is a partial cross-sectional view of the airfoil bl ade
depicted in FIG 5 where the direction of the air flow through the cooling
passage i 40x¥HdiF014yis amelargeddidgrainoaiingew of fxealtbrbativp ebotimehtalf thieper t ur es

t hat feedntligl%c{pc'u(}rcochrcs%bts ifrl?the V\ﬁ.“ (ixf the airfoil; [018] FIG 8 is a
partial croSs<SeCtSNE VT of® FRETCEETMRY passage in FIG 6 taken al ong
8- 8 of FIG 6 showing the feed trip in  relation to the inlet apertures;

019] FIG i artial cross-sectional .view of the coolin assage in
I[:I G ! 6 tak ]ahﬁgﬂéf‘ crpsyspectipnal vigw g theairfoilofFld 2 aksn2langd-p H?Eﬁ}&be?t ures

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 al ong

10-10 of K181 ¥IGfdsp rertiskrsosseestionaliview of theotieleil blade depigied indflG:S whase t ur es;
[F? é 1] ; F { Slt(lécg]d]iglbtz%rﬁofﬁﬁer&if fdw GO 1REGbIi Hssagk Rtadlhiny HfwEA%hd MbwiRSS2ge 1n
feed trip andginlet 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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11-11 of FIG 7 where the feed trip and inlet apertures are shown on the
suction sidewall of the airfoil; [022] FIG 12 is a plot of cooling

ef fectiveness vs. the required bl ade cooling flow for the airfoil of the
present invention as shown in FIG 4 and a conventionally cooled airfoil as
shown in the followng FIG13; and [023] FIG 13 is a prior art

convent i orl8#ly Fd§ol ldg a anrtinlsiress-sextippg! \View eftBoROHTE GIsa@S i FIG. [TNARENTIoB) [ 024]
Ref erri ng itj01 1k - DI ne: ' incl udes a fan

conpr essorlllldfl,dfgﬁ(}'c%w %gtg%ffeéfghﬁpg&teﬂ%g?dﬁgﬁrf%%aeﬁggwan ﬁ‘i’);‘fls%'"t?ﬁ.sgﬂl%walgﬁ% aft of
t he conbudhorirfed, nost conponents 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 exanple, are cool ed using

cool i ng ail622]l &G .df2fis & plet clavpligstattivefesd ivs.ahdrcqisdd BadIcORRLg fRNfor BgPEr at ur e
| ower thanﬁ%%ef gore gas eFaSSi nsgPth[o h th‘g turbine 18. The use of the
syst em of Ff Ot fhg Rregelt inyquiigu as shoyg in #%1?[98 g eonyspyonglyicoadedpirfoibas| i i t at i on
of the i nshéwa in thy RIMbiving FIGI18 an@BY be enpl oyed on gas turbines used for

el ectrical power generation and aircraft. [025] Referring to FIG 2, a
di agrammatic view of a turbine blade 27 having an airfoil 26 that includes

a plurali fy20f Fid}‘-qlimfgﬁl@&tarticeﬂ\%ﬂﬁ«%lﬁﬂr%dgéd)ﬁ‘f& uits (cooling circuits) 22
ol

di sposed in a wall 24 of the air I s shown. The bl ade 27 is cast
with an internal cavity (cavity) 32 located within the airfoil 26. The
bl ade 27 is disposed radially above a fir tree 31 and having a pressure
si dewal | PETRAA.ED PESCRIPTHON ORTHEINVENEON dewal | s 28, 30 are joi ned

t oget her ayl ihite |l eading and trailing edges 34, 36,

respect i vﬁzf] g%%%ét@ﬁﬁéh%ﬁsgu .915‘5?1‘%}"%}&m?‘é{ﬁffsaﬂgfﬁ'g'/?ﬁram@%tl*@s wher e
the airfocomBitord 61 stueitine Iftand aabzadd 20. froand bf ke @mibuitod s, vetconpbrdn@ses t he
airfoil 26. Th‘f i nt ernal g‘ﬂvﬁ% 32 Fﬁ‘g be of _an?/ convent i onal forr_rl]a

mul ti - pas §PEE BERTCBIE2E FINFALPLausGOf e £XTIeRjsi fempetapire of the core 83y TR¢ por t i on
of the ai tnitidlestof stapes iddstateromms s:@?@wm thdtufBinel 13, Rir ckitRpleNed ER1elQsinE! G 1)
Pr ef er abl t he, ggf 26 has a urality of internal passages (passages)

32a-e. Thé‘,’%‘&gég € EOTBRTESSPIOIA £ BEFFSVES highesand isaparalyire lowendizabient
passages téte @hLpsiREhesich thedfibingdsaind B3%% R shith PRI i?fo’égg&’&ﬂ ne
cooling circuit. It can be noted that each of "the passages 32a-e has a

uni que cr Bygossserly gnd isaot Hbmiation|eé theriwstant inventionorhicif maylremployeid 0g gpassages

may have amin&NABLfor 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 airfoill 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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[ 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 shown in FIG 2.
In this wa he rH'rLﬁrocircuits 22 transfer thermal energy fromthe wall 24
to the co>8/i“f 't?f'g“‘)é‘f qtgpeh of thepassaeesi2ae hpne uriguesrossisedtioni althoighth@Goksonever

are not i Hé&i@ﬂofﬁcﬁ%@ih@?ass@e@ﬂﬁ? hm%?é‘lﬁpp.e_ used in other walls (e.g.,
conbustors and conbustor [iners, augnentor” liners, nozzles, platforns,

bl ade seal s, vanes, rotor blades, etc.) exposed to a high tenperature
envi ronnen ag ' ' . Referring nowto, FIGS., and 3,
the mecr ocForZEEi %:orfgﬂ%?nk{sﬁgg'ﬂ%udr({}%gfr&eg\%@%eal eé’&?se‘f-‘ﬁ’aﬁe“@" ﬁ”écr%‘fc'é‘h%%ﬂ”{:]bd vi ew
of one of bhdespriteddwtein asbeingidposeil erithini thewall 24 BQJosdito 6B ow, N, GnQik T CUI t'S
offer tail gr 1 gh convective efficiency cooling. Along with high
convect i vegltcal ?llldg‘iogﬁﬁfn?ﬂ[&ﬁ O&Fﬁ Sefyadt 1"\)"8?1%5@399 of %&&FP’@Hgl‘aé? 2%shostvanced
cooling covifIGyRr hithiswayfth&mictodifchitssI tRinSfer thB@nalbAdr ACtrbh el war 4»%'1[; 22

ol :

present invention that are enbedded.in the wall 247of the air
M croci r cufUREAY @R Thepresrabingratige misogissuits Zhhareyerndre notdimited 40 turbin a

preferred sladeahd®iibe vsdtEinOitier RellS €Y1, toSmBUsfor! HdBhvaLior lﬂcfsagéﬁ?l{e% ormetals
fornms and encapsulated in the part nold prior to casting. Se Al

r ef r act or y196EY ap22les; platforms.hladassals yanss rotonbipdas nete. Yenpgsaidao a high térapesatarel t i ng

poi nts thaénvﬁbﬁnéﬂ@ﬂﬁ{(féﬁﬁ%sC&Bon ypi cal casting tenperatures of nickel based
superal | oys. These refractory tals can be produced in wought thin sheet

or forms in sizes necessary to make cooling channels characteristic of

t hose fou ' ' coql ing.desi gns. ecifically, such
ni cr oci rc:}? &F%éfyérﬁ}ég?%‘ﬁ%%@?gg%féh © SRFOgH tgﬁu‘ﬁ'%pr’@,f“‘ﬁg‘fc%fm#nﬁpeg to,
combust or is amenlarged view lof ome afaleemesehtintzintien hilcasteuit toblial Beheflar ouds, vane
endwal | s, | .I.f Qi e Preferably, . such parts are forned in part or
in whol e oﬁ&g?c?ﬁﬁelis %%Egﬂgr&ﬁ{ebl%h ‘(‘)‘?"“E%‘Pfé?&“ﬁﬁ%‘i?" N ofylong withhighy of r act ory
metal sheedosvartide éffitiencyphigh 6t effaavetessiy fdquirkd for hiPadvah@W B@RE Ng and
formng int 0 CO I g:@ﬁes' The ductility yields a robust design capable
of surviviRP&r 'r%(/" $tRS thedpicrogircuik 32af the-presepignvantien tafaract ory net al

can be rersmbeddedSnl e vall 40T QRS IMiBloci QIR ViRthy be ﬁ'nﬂ:‘eﬁfdmlor bHESNNT; (Z)r

oxi dation nethods, |eaving behind a cavity form™ng t mcroclircuit 2
(FI GS. 3- 4yoldgd within g garg gIniapreferreerahodimanty theopicyeiroditstarmfopmesafivefrictmrent i on

gg?/egl_ SO RfferalPipb ad dhc Sl uldRl Rnk PP R Hor Foacsagﬁﬂ}g Ste%i'gﬂiega%?osry Wl ceramc
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). Itis noted that the cooling design of the present invention may also be

manufactured using investment casting techniques with ceramic cores.
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EH 10956 6 [028] The cooling mcrocircuit 22 enbodi ments can occupy a wal |
surface area as great as 0.1 square inches. It is nore common, however,
for a mcrocircuit 22 to occupy a wall surface area |less than 0.06 square
i nches, and the wall surface of preferred enbodiments typically occupy a
wal | surfac closer to 0.05 square inches. In the exenplary

enmbodi ment , ﬁlzﬂfeeﬁﬁc linggmicraeircyi 22 qabodimanisqan eequpy 2 Wallayrineasaras greandso t he

wal |, is pref equkl dcheal HPRERCORROR! HovRhE for AnBlRck iAo hOBPRIANI MBL el y

about 0. 025 inches, and nost preferabl about han hes.
[029] The r§UEiagRTER \gpst tharD. %sﬁueree@has f ﬂtamllemﬂacédafpmfemﬂbmwméﬁts a first

si de 46, aG%%Q%GI?)dPWé% Ad..8 Q55P&To. q“f"ﬁé?‘:?‘gi(tlsﬁfﬁf 6 of posts or

pedest al s 66 6 respe Ivelry, a first
wal | porti (ﬁmt@ﬂlm@ﬁ @he icknasel ‘taof steecroiocbeivalit 22)as ineayre@ Into ¢iel »@ll ®)prétkraBlyt her

of the side o¢ ircuit 2 t ends _wi dt hwi se between Its
f or war d en h %ﬁaﬂf&gﬁﬁ&ggn ‘f\‘t?a q@ﬁ’wtéé‘ ag?ﬂ'tor(ﬂ 5 inckess apd mpstdi r ect i on,
bet ween iteréfcmbtyﬁonieess&ﬁn@rmewd side 48. An inlet aperture 61 extends

through the first wall portion 65 and is positioned proximate to the aft
end 45 of the mcrocircuit 22 to provide a cooling airflow path fromthe

cavity 32 qb29jh@hainfiéreditcu 62 imtluded NOrRh@ RS 14 GH P 63
ext ends thrdgégh the1 selcctl)lnd \;val I egortlon367 pf‘gf?tﬁ"ég‘e‘s %rhr%k&ef%f%eﬁcgﬁcgnd 44

provi di ng &€56t 11 MUAYEE PlgRvp el 321 o e phiostice pedestals 01 62264, 66 68, he cor e
gas path, Gespedtiveiylfhat Riafi3
oriented forSvI\)/arcT tyg gf%}%grﬁ%#we%ﬁ gfgh@allgb ?%Ftﬁ %)raéaélégcof'ﬁ &F‘}‘/’“ 67
al t hough orfF¥heaef %‘i’i‘eliﬂfthwaﬂﬂ&ﬁpt Théimicapgiiciiit 22 bxtendatwilikhwvibe befwebhRs
exenpl ary ?mqu&ﬁ%andw%ﬁf@%ﬁ ﬁ@h&a@ %r‘iré.c‘gadsq'?ﬁf)ﬁlgn&?t ape;ﬁ}s“rs, 5

that extend | engthw se in I'rec
enbodi ment 46andsesend sidgdf: tAr mletsa:ensreaslsdxmhdemtcmgﬁl tH&girétWtﬂiMidit%Sl adihe

radial dir e inlet ertures 61 is
bout 0. 0pBouebd pIOKRRE KB B tod BT miskotiic 2015 T sgmhpirioeath
about 0. 10(ﬁronnbheemty[BQ&ﬂ}hc‘Ehﬁnl@éaﬁmldwmlct’ﬁcﬁ-l‘:ﬂﬁzz CAh bxiPapertid @%xiehds™! G 2,
will nowb urttgeer @ﬁ V%/Zt respect to the cooling design and the
benefits a ? "?‘b mexipgale ©p thedepvardenddMinspvidias 8 goddingnt i al | y
as el ongat @igflow ﬂhffoﬂﬁ&aﬂﬂﬁb@f oY idid e c8re l'engt h
L1 (neasured E“S%%tbgll to the rcgl\fv) oft abgut %?gai%@%ﬁ& e%@\ga]ym%e%&
I

(measured PBF isyPicy)In orignied frward tp Bl along soamlinectfabs cae pastfidw, GP1, of
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 paralle! to the row) of about 0.040
inches, a width W1 (measured perpendicular to the row) of about 0.020 inches, a pitch, PI, 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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about 0.060 inches and a separation, S 1, 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 Iength of the pitch,
P, minus the length of the dianmeter, D of the pedestal. The EH 10956 7
ratio of the pedestal dinension along the row, L, to the pitch, P, for the
row def i nes Tatic pithe padestaladimensignatong|themgw hao tarmiich. B, for theawwtdefibesias bl ocked

by the pedest.alefimedsf &l S5 - ' St restrjction o

bl ockage facﬁgteor‘.3 A tﬁ‘e (lgggﬁetﬁga?tlmeugﬁé& neﬂ%ﬁs%!}oscﬁ%%b C@e pﬂ%%tafs’r%??ﬁgfr%c[ﬁoon or

bl ockage f adetsinafisr 87b6 refid@in oF thtockhagetfactawFo2thh idenpfdiadimahso Ab&este f or med
substanti al | . el d.right ectangul ar cylinders. The pedestal s of
this row havrésuﬁ%r?gtoﬁ,g%,%eB%Ctogbsoﬂt%"o.025 inches, a wdth W2 of about 0.015
inches, a pitch, P2, of about 0.0615 inches and separation, S2, of about
0. 0365 inch I p,.the exenplary enbodinent, L2, and W2 are both

subst anti al ﬁ@’z]s £ P T ggl“’f_slp%ﬁ??g?‘\/% alspformad; supstamially s plongated right

subst anti al IctdpelapeyTRdas. Pe facktilOSE thB TSI ESe 18180 L_@ng%ﬁj.(yﬁqgéhe?fa phase
so that the pedestal's 62 are generally behind associated gap 70. A'row

pitch, R1, ofidhp¥aef ahopak8lyinchsa s nitsh. i HeabautQN6d 5 SBhesmd sEparationeS2, of

i dentified ,giFonsi b r factor. is 42%
093] The. ndte T PRaSERRRE0 B e ok HmIAs Hbbie T2/ VL K8 RGN AE kol

el ongat ed r isgaller thandilaang W br Theyitch B2rhoweTérais pedesatialyshSshnteanscPll amd gteh, L3,

of about O. | ] bout Q. Q15 inches, itch, P3, of

abourt 0. 0615 5c: ARS ESmotely G Bt pnkle so ke BRUSsil ve wferiTy e fiol bt

exenpl ary eghp@.ndemw pitdheBé, afabos ST Ainkhaalis bettvim 9@ 80,352, For the sdpaAfkdg

di nensi ons the rqw 52 t her.eahea ut .conpl |y out of phase so that

each pedestgfm@iﬁpgs&c’lvﬁﬁ}éeaﬁcﬁtf“étf?%g}ﬂcﬁﬁcéacé%[ﬁs ° A row pitch, R2, of about

0. 033 inches between the row 52 and the row 54 thereahead is Iike R . For
striction or, blockage factor is

the identif] di prensi ons_above, the r ]

42% [034] %‘_ﬁ’gl n “%W“s%“a‘r?awiféfagéﬂéfsg ferpredl sybreatidliasclangrias Fightas ri ght
circular cykd_cfwlﬁﬂsr Sindei. aRiRBestaid’64HavaRakth, 103, @2 but 068 mchddl § Ghieh, B3, of
about 0.038 inc S4, of about 0.018 inches. In the

es and a spacing, , ) |
exenpl ary eRbYPEHRALS inghes, asp@hfﬁél, ef aboph0G 1§ dnches; erdhe)spaging. $bebshout 0.0 gt hs.
Addi ti onal | ypchdshn BielekéinfidryletnbBRlehe thebd P siblstafif and
separation S4 is snall erﬁt ﬁ’an t he esépgr at ?(s)l%yss g@@htgg Sr%&é”%%‘ﬂ%ﬁ”@%ﬁ t he
row 50. A r dimeppipesof 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, 4, 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 $4 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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R3, of about 0.014 inches between the row 54 and the row 56 thereahead is,
like R and R2. For the identified dinensions above, the restriction or
bl ockage factor is 53% [035] The next row 58 has two pedestals 68 each
having a | ongitudinal axis 71 through the body of the pedestal such that
the axis 71 tends_in the radial direction. Thus, the pedestals 68 are
el ongat ed i n%ﬁ&d’éﬁd’lr}tﬁﬁemtﬁ? 63jare senaratnst byricEaprT8 thet isreetialiyi alignddheitieté t

apertures 63exdsta e se at ed
by & gap 78 thatpe.ﬁ“;““ﬁ??@;%?%@gﬁ?°F EmicioeiblR BERRERRLR, P8 o e off
el

forward end Haradfal disection isrreferablyino gpeater e aban GOHS ircties. ThetpbdesQRmHs FRvd n
t he radi al er, . than about 0.015 .inc The
pedest al s GSQCE:E[\%E& Qgredrtllg?lgf ?{/%ggr t?lﬁdé oﬁl?%arrdé(b“é%fd &t ‘E?‘?HPW@F%%W\H)&‘?H
towar ds the léﬁliznedphr the exenfifary embdrdimbnt] the lengthal 5, @0 61 peldtdl68 KX ALK

enbodi nent , . 0f the pedestals 68 along the radial direction
I s about O. 0‘57%}2 nel %J]u’tpbg%]m us, the rows 50, 52, 54, 56 and 58 have been

descri bed above and now t he benefits achieved by the mcrocircuit 22 of
first row 50 of pedestals 60 are

FIG 3 wll b 3
spaced \glpar tla%\ﬁo Bﬁé e%?fsﬂ’f'ﬁ@rsz * Q%ﬁ%ﬂ dhave pepprdescsibed plsve andeew thedeesfitst v

and encour agehievel 18/ thé mibirsdRGis 2Pt KG. §9!?l hmbﬂags Ebgawi ng through the
mcrocircuit 22. This dispersion results int formatlon of wakes and

i ncreased heat pick up wthin the cooling circuit 22. The pedestal S 60 are

of fset or [ﬂg?er[ﬁg fitst AW 50'6r JRBAET & e ce&%&ége[ga5§ncgﬂotlﬁ rV\llIn %e h%ejn Elatl-h

pedestal s 64 row 54 are offset fromt
respective GPREQS @C%irvel%ﬂberghnmmes héﬁraltdhecrelon sf sadbing anﬂﬂloarhrlg}thmgh the

straight-ling: rpc the ai SS

t hrough the pel%Elﬁ ai S é[%' %g%fw}?shmﬁ’ fo ofgﬂb?ﬁdfﬁfeaéedr%f’ ﬁ‘n‘ipr orm
f1 ow di st ri buthimothe cqdling Crre'sul& The padﬂstals\ﬁedrahfﬁet@ stadggere@ fraini theepedestd1 082
restriction to the rows 50 and 56. Thus,
the rows 52 OF%%J'%%&‘ eethe ?ﬁzis 6‘?‘?{5 E\Hgﬁg from Ipm@?%@?d’fﬁ?‘b\?? de a
progr essi ve The mspedtwemffsens aw\aioﬁgbi §uch khat thfé&s Wibbtahtihlly e sEHShL NG ;fﬁ.&s&é‘éﬂ t 22.
As the air @HSS@sthro t row 56, the air is netered thus

i ncreasi ng tHe" etp%ﬁll'ctr?g |ﬁ5 2 passeidhrough the padestalsr62 and 63 sthe waked atehat
the row 50 rdtasedfofi ﬂﬁfeﬁfmfbﬂﬁ'ﬂb{v%du%tlﬁﬁcm§ resheR at-:l}ﬁ@veg%t e retdtvel

Thus, air flowintgo the mcrocircuit 22 is distribut W t hout exc sswe

pressure dr &Y EaEcHep Beiwnphibe rons SRa3d sempared tethe rowsHindr56. 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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[038] The pedestals 68 mnimze the wakes created by the turbul ence of the
air as it passes through the rows 50, 52, 54. M nim zation 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 unhdiponghs bt h the exit apertures 63. The use of
slots for the exi tﬁbgpggtsﬂégés“p%g C%@ng{?\? S0 pIeSE it apertire 23 wilhaotprovidexinifern he

slots, a ufiPYeRahof themeinl aeskiting of paskiblewad dpoR4f (Helvall 22 ti@?ﬁefég)erd%r
speci fical | yug n ctian . sidewal | s 28, 30, I
respecti vel yI: ﬁmg'?d%@ﬁ?%@!a%tcﬂ?ﬁ'uoﬁhet O‘b%%@@aq)@%@cpﬂlemhcuifslzame didpogaki ng
or di scret eVitbinshawall 2hsuwhgiat theexie¥perturB 85 L kRO e §{£0‘?ﬁnlgi ng i s not
J

advant ageous as EH 10956 9 the corresponding air et s up%‘h exiting through
the exit aperture 63 will not provide uniform coverage of the netal

resul ting i [03pbsadiahagdably SO bsinidgh i), «Jdt is preferred for
enhanced structural i nttgcg?,i tybofl the ai rfo%iﬁsag%‘s (ﬁ@sc‘%e%ta S pyy@uts very

]

mi croci r cui ¥FEUIFLIE CapEl Q5 jig airap itiekits thivegnek lexi? dpestued63, mgrets‘g&imj,};,

apertures 6fe c6dling laRows RrSu | i [ 39] , Advant ageously, the

posi tioni ng of tlt?g aped(’;v;t al sﬂg%‘? &gsiségg%rof'%ée%cﬁ%qﬁ@},g GééFQ?FE%mVéFSyandgood

met ering colEisidss 46.148. Thus, asthe flowsis mateted tEoEEh bRS6eXdrt oAREALW Wl ﬁzéf_l Mor e
t he

speci fi cal | igou ' ' : rau t he ga 8 and around

edest al oG8 eFoNE eE0R L B et RPoL B B ettt thegedermiss. Abotine 11 ow
i s netered tbﬁmghd #sho86 by prerstreanilideho, 1, 1Qwf Fid |3, BRSS tgj“hﬁ,p#%p 8%%% gap 78
while the ra%%k@ﬂ%{s Rifoidls ah@#ﬂ“ I h_{“?ass around the pedesta : AI so, in
this way and as shown Dy VAR o Hhe Frater grreamling O opesntessts, to Bt gehmit dier f | ow
through t hetresnilines & fromt arossing Svérso ifidrfers Wit ihdisSLanhifl $ding THE LC8N!

streamnl i ne es, so to_pot permt the streanli nesafe'fs?'oﬁ"ésr 0ssi ng
over to inttlgtger(?-ie%rg{é’g%/)\'ﬁ1 ?fhtﬁ'f ﬁ%giti‘lf égﬁ?w\télow strajghteningsehileensaing Abtisate métafing

ori ent at i oowfol Wtk tpaeastRlng a8 SmPRYA filnd dod gght ening while ensuring
accurate netering control with the resu‘%ot w%é%dgef%ﬁmfeﬁfﬁsbved film cooling
and effectiveness. [0401 Referring nowto FIG 4, an alternate enbodi nent

of the m c[0#0] r Réfedring Ao ) ' ference. pnunbers and_desi gnati ons
in the varj g(lés dravvin%gg i%g@\gpaen?llk eﬁeﬁr“gbr?glmegf Oﬁlﬁ%m‘%’chEP?&ﬁ‘t’WZ in

this alter ircferencanymbatsand Hesignationsé it variss diiwafigsGRdiodte likd Ei1&Rertd)!
apertures foroctRRit X GIMisal: 80809{ nt nicrocircuit 22, shown in Fi ,
will now be furt herﬁgggcrlgrggt W bgg‘F‘ég 8 {WQ it apartetgs 03 angl thissindet and t he
benefits atMrEwed! The axhmplacxemipdine: midresidat 22, ABCH TR 4 Jif1SLE par € three
race tracksnsantdobh in ARGLS 1 &S o hing 1! |
Tespect 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

6! 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%.

EH-10956 10




extend lengthwise in the radial direction and two exit apertures 63,
preferably slots, also extending |lengthwise in the radial direction. The
exenplary length, Lin, of the inlet apertures 61 is about 0.025 inches
while the I ength, Lout, of the exit apertures 63 is about 0.100 inches.
[041] The mcrocircuit 22 has rows 80, 82, 84, 86 of pedestals or posts 90,
92, 94 and 96, respectively. Row 80 has pedestals 90 forned substantially

as roundeqwf]i qmuémw&}d@g@mweﬂiha VeVl B, 54 rééﬁé‘ﬂ:tlv%:ﬁ%gtair o@raéd rst side

100 that is flattened and genera per pendi cular to Irection
and then Aubsansaly ?VWQS’GQG@BF re@mugqr ﬁﬂlﬂgﬂéepqcl?&tals?ﬁélaweaj@smamD900fhave a

mej or axi ?bblﬂ'ﬁﬂhﬂmc]h;s giac ; @a&)?.’l 0. f{@hﬁﬁxgﬁe Pl ﬁ.lﬁég l;%)vjc\)lfglg)futa goait 0.058

i nches and a spaci ng bout encour ages
| at er al diisghes. skaythegflentified dmm:lnmmgs abiove, tlfelr@aM:ﬂ@nlonbbckdge fataeiofA%.cui t 22,

5906 it Fogtlaid G el BRORCRDABP By O 8 bRt i iR s o e SRE 600" 04
respect i veahches, taidha pizdheP3f of atodt 0.@3stnttent Falthe/idamifica distediond gHave, ect angul ar
i ng. * EPTRHET LHGEES S ST PN - G precnBoy G AAEETeb s

i nches. Faglativego estivkliel malsetietE Rizted e anTRWEpasdi m&ﬁ&-r@b&l T3 1Rk iPl ockage
factor is 57% _ Pedestal s 94 have a dj aneter of about 0.020 inches, a

spaci ng, SEered bty B2 andiute ingrease he floyitelogitpilecahRegoldsiNumpstiandy. 035

i nches. FQBrréslﬂgndn?eﬂfeHal Béht Hhi¥RA SbNSeROPHS, tlﬁQﬁnccB@ﬁdﬁ'o? LfAGtaRlo4 bl ockage
factor is 57% Pedestals 92, 94 are generally offset or aggered relative

to each off¢saits @MI%FV@WBOR@F'QFmﬂ%élewsﬁls&ﬂlp&@@w@ot herebet ween. The
flowis mnetered by rows 82 and 84 to increase the flow velocity, |ocal
Reynol ds Nunber and corresponding internal heat transfer coefficient.
Thus, the [wmcm lastitow 186 bihs md¢sml$9€9mher¢ eshipedesiah96is laligied withesit of ct i on

factor th 043] The .|l ast 6 has two
pedest al o v TPEATE LRt Toertes B3 Bt X0 R Floneiind3ros BT o

respecti vextexdstm deeadialrdisctin. Tﬁttetlmqﬂeestaw%diﬁelbﬁgmdan klmpgmuhdrad&n axis 99
that extends.in di recti Thus, the Sgdest S 96 e el ongated

t .
in shape Aeqa Pﬁcg’lp&fieswéﬁaéee]as|38W731&§&5°‘B§1?é‘5°f AP YexirR “§8H@’ ly a

prot r usi oRowRirdsAREEsEEAL Fod @i ipertgte 631t BahGf the Pedsthss IS gérRful ?Q’éﬂﬁnﬁﬂy exit
aperture 63. Each of the pedestals 96 is generally centra
aligned with the respective exit aperture 63. In the exemplary émbodiment, the longltudmal

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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aligned with the respective exit aperture 63. In the exenplary enbodi nent,
the longitudinal Ilength, 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

descri bed. [@4 80 of . tals 90 are spaced apart from
anot her and haé']t IIIQE%SE%%IOH& & Tqred 8“‘Iﬁgfeﬁﬁ§l§6’9@|m§fmpamﬂﬂn@lgh thedrc al

vel oci ty antbventhewakgose teduaddbr athemanFbmnod disgfikbNg air flow ng through
the mcrocircuit 22. Also, the pedestals 90 m nimze wake turbul ence. The
cooling air flow inpinges onto the side 100 and is forced around the
pedestal s 9@4BY AdantgettistORe baRdaME It Ayl ped and. avoi di ng
hot spots beh| nd the pedestan 90%[ 046] l}%ga pede%?&f%begf OX§4PTRULE KLY next
two rows 828999Msicmeconmelof the copling ajrais dteknthraugh aleirespaéthelexit Bfbridkd 43, r espect
to the pedemb@ SQficy, 4shBe ddofis s substantially no
EFF 10056 | 1 ot arar ght my 1 ne pé’s'séd gﬁgﬁe?gﬁaﬁn}fﬁg’sﬁg 284, fhe i impmeesanta the
cool i ng ai rPedasiaed Mﬁirlédtywtftdfmmd thecmelt;stdim enkIaBugh e ERHNSGREing Rk @ MDY €

uni form f| yern | | 47 ant ous S|t|on| ng of the
pedestals 9 N alg%gleg?:grol @q'&} gv% \#ed 62?\? 92‘/'“15’66(9 téhmgm@amlme of
t he cool i nd prpyidessfor llmﬁ?xmtfb“tdimmgionbh&hfcﬁgﬂﬁﬁtekﬂﬁp%i-éﬁsaplg{ gg‘i@iaﬁ?’me Mor e

speci ficall ] passes through rows
i npi nges ons%éo i BE %03' %rgﬁsq“g’éﬁe‘ m”?‘ﬁ“"dl Ir apd B vareu Tle nhin gedebinals to

exit throudtke ‘LtthEOf:tbe fiess pmb@li:mglt Shdvin inIG! 3, ¢ Een@élléﬁllf%%% VJI[B ) centewm and as

shown by tt}gﬁgtrecﬁm I nes 16%,[ 1', the main stre provi or

uni form f1 S aPSTFHHTHY ARTHE 63+ HPweith in H@aéf%intltl‘eqﬁemodmnﬁme ﬁEhﬂtals% d&r® say,
the streanligrdsvith tHoeXiOipeRi% { 85l visa versa. The
i el AN S e

mai n streanliine 9 i ke that of
general Iy &9 |°éﬁ‘(l§§9 1 the exif apestrsi6dr Assughnthe streamlgepas diep gir@ihvenedger t ur e 63

However, i pedebisadrt pedestals. 96 are . aligned with
the exit agcgrturse Ggr%s]gicéﬁ%%[g?&? ée%rrg%pgrrnlsl?%?’ Yo Ehe|omisRfatien qf she Redestale

pedest al s 98 PeraNEflow praightening while easurnlgapcmlratelfreteﬁﬂg cdifroBWh thelrbi@It being
streanl i neg, lnﬁo@gﬁm@?ﬁﬁwﬁg;&& g Pedestals, are free to exit through

the exit aperture 63 e ort&ftati on of the pedestals 96 permt
flow strai ghtening while ensuring accurate netering control with the result

being an i vad film cool.in d effectiveness.
9 foa8P ’ﬁ'ﬁls, thal-: B 73%'is ditke@d 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 comresponding 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 structura] 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 multipie passages 32a-e. The passages 32a-c are separated by longitudinally extending
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[048] Thus, the air flowis directed around the pedestals 96, it is
uniformy 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
uniformfilmblanket of the wall 24 (FIG 2), and nore specifically the

pressure and | d 8,,30, (FIG 2) respectively, is achieved.
Thus, the g“ 'ﬁwib/émd% FicBRASR ingdirg and| pesenchendls j1 &8, 4 2@ algng the ough
the exit apeptwﬂu%alﬁ%uctloﬁts[cﬁﬁklllﬁ%b%laﬂ@?'/’ ?cﬁé’t@fﬁlﬁg%uﬁlsaq? r&t&?on%r rPg%Q Ondl ng
air jets upog.‘: IE t|n t hrou hthe exit aperture 63 Wl rovi

uni f orm cove ngc RETIGEET ¢dhrquegh W@lchhcmbnm@thMWtsslm paskd’se vval I
24. It is prekaighQeeH @i CRBBAC b

(FIG 2) that thggl m crtgm rcui fﬁsjhgg&ga{ %8(})2% “N?g Bu?% %ﬁ?r}§£4 such
that the exiPimieyRissage 82 hasp geomuatc ceates, CMugmwmcmeaemerrheomdﬂ@asal s 96
al so serve tg I t he t ence of the air as
it passes thr(;inéﬁe {Bﬁisgsr {g\/\nglg@/g&%gl?? %fﬁﬁﬁ f%r‘Hs E?ﬂ"i" Rdke apishfys
flow recirciorasion 88. i is nbtad thaeshapecofaisd passiige 322¢ a:ifl:dmfpaﬁichllaut 3bes, hemk

pi ck-up. [O rin dditional features of the

M croci rcui f@hﬁﬁ%ﬁ 5%3'“19 e‘bfmcl ‘%&lateﬁlr 8‘5““?7“\1\5 pqted {83y threcegistlines 824, 126 G, 5
shows a cr osesuesxdclnmmgiﬂhe piessoreind slitioh bidewal 28080, FIAG arrdw, 1 itnﬁlcﬂﬂe'% t{hépl e
passages 32a %(gg% gassag[[e15 2a-c are separ ated by Iongl t udi na

ext endi ng whon, S8 ROtRA thatFIGH il Wtfisemsematwcmapawagéz havi ng
first and s&mﬂj&ddeﬁr\ﬁﬂ] i &8 prebaiffe |d0&idny vall's.
The bl ade 27 rotates z; utpran axi s o% rgqteg{alﬂ%%@%?n&glgggge &:gnghgg a

geometric cERFEYTs € 2t MtishgHll ki frstherexplained deailed kslovehor dwi se axi's, 124,
passes through such that centerline 124 is perpendicul ar or nor rral to the
axis of rotation 98. Simlarly, passage 32b has a geonetric center, C
t hrough whi d#5% Qusngpperationsf thelges tybineengine the cd.(ﬂﬁl,gap'a'kﬂeﬁg hhﬂoptgkhgs:uch

h I 98.
Rt cent et R dafc bR I HOEL 10 sAEATRD B DLy ohen LA O ¢

It is noted that shape t he passag
for illustB3eevwed hisgotition resiHusrin mhat is Baevef 3ra Cariotis foref wHiEMERates fntetrfal OW €d

that the ce ou the pressure and suction
si dewal | s ZEE lﬁﬁ&in pélsr%ar'%es J’%he aﬁﬁ? B’af"ég"{‘ﬂg forge g propertioRal (@ B XSt §Tosst i s
al so not ed phaluctrdf@e &ldcity uadtdraf Eh% cbﬁ@:ﬁt d@ﬂ-‘t hEHe aErk% & £l thSargdlar

enmbedded wit i n theo(:r) éisure a tion si . and t he
cor r espondi Ng oflll?l e Qg F Qi rE“W‘ﬁth 1W1”Ib°t§’ép$ﬁlﬁleﬁ§1ﬂtéiﬁpp‘dmﬂ@a

detai | ed belflow.thfodiDihe Padshged 3%3@&1&{1 bO&itRE ralddBy GRard Bf QtREqENYi NE, the
cooling air flow ng inside passages
[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. 6is 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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32a-e is subjected to a rotational force. The interaction of the radi al

fl ow t hrough 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 -\e ' ect oy, 0 e cool ant flow ng through the passage
and t he anglij?‘tg(rl'g"\Ll/‘g%)lo}éigr?yhe\}g’c‘{zefrhé Eldﬁlé“"rsé‘f@maﬁ?jﬂlmlaaﬂdf@.of tooitedeothialg v, it

will be appeisuilaivedGduat 100&enadby B CaLLL; he passages 32a-e
may be ei thgr. radiﬁl I%:P_i nwar d _or yout war dleF}ch\{Y] Ehgé?sg%&ijr% wr?gi%'{‘%vgﬁﬁ'és. 6
and 7, the pradiOfLe sustiop fdewallciode thequrssure digewalti2mmddaclpmidotmplétamb y t he

i nl et aper teifcaiatiod. BfcoR@dsh FREPOL - shown.in FIGS. 3 and 4, within
the wall 24 of the airfoll 26 K {%%%“?ﬁ%apﬁélﬂ%wr}ﬁ8“’ﬁ‘“é§8$aﬁ%ﬂrcuw@s 6is a
partial croS8-48dd{9 eimatpd bysheworelistthese in the padsa @32t ehichtBshel eluR fram HROW NY

a feed tri prédstid ' res 61 a-c that feed the
m croci rcumrs. ﬂlg?geaf%@fzg%gh%?rc ﬁt}nasl%cg{a%l?g-agggi'chfﬂ&?mk’/‘F'é\f\Fﬁ‘dﬂfctlhBOIaiEaﬁbpf 26

depi ct ed i rih§passages alpinkinde eppesifgimdertwalls 1128 1amicht joih etﬁ&%if%@ﬁg @ c

t hat feed the AN [ tS. 2] As seep in FlIGS. and 7, t Irection
of the rovgg E:?%Hu é??dé’?\‘qﬁésﬁagseaﬁés 8Jr?t Tonso i b2, 414 ase paroef the ribhbl 6rthati al £ | ow

(i.e., whetragitionthe avitadll @G)y2)out ward or radially inward). For
illustrative purposes, the cooling air flowin the passage 32a is in a
radially outward direction wth respect to the centerline 124 (i.e.,

toward thel033) &Pthe Bxdmplady embOEMERSthERASyi ' i flow t.hr e
passage 3Zlai 1S 1.n % r@dﬂ?lcl;/l i nwar_dt di rég;g?gh&\?mal&&r%lscbogg u1{§89#ﬁ€3t5;]
center | i ne J'SBPICY 360 }Pressyte(and guction gidew4llso?R, BAaetpegtivéB) Fubthé, the idapi ct S

schemat i cabpartudes@iof esth of e d ' . C |l ations 104 and 106 created
by the Coriolis f rce in the Sg?ﬁ‘i’ggg&%%“ﬁ%%g %téoé‘eﬁﬁ%ﬁmﬁ“iﬁaaym‘ﬁmthe

suction si FERET o BBt Fatngeisulations il Gbavad 1062B08amd 1 DAcdusé Dby PbRSIR t he

ci rcul at i Oforcdsdn @ dob . i.cts schematically. a pair of
count er - r ot at isn(\rzjl cir cﬁﬁaﬂ@%@ng %(g]%grl\%’ r%%“&vreé’éfsééesﬂﬁgibhé“ vy the force in
t he passag®@US¥5Toingriruladenstl i ard 1060108 me 11 0\6will De SMBIYEd & HGWR the 28 tO the

suction si fenag - k tq C lete the circulation. Each of the
passages al g%ﬁiblﬁ8?%8gggﬁ‘gggi“ﬁaﬂ}edﬁg&wassghﬁmtfihp miceacirpyl 22- tloigaotedr with

the si dewathpithe plgcenBat sithamlet apettares st REhRAFEAUSThe 3RdsiCe anld VIES 12,
114 are pagd Qt:vi]tl Iag Ei bs 111‘16 that = parti tfasgn_the _?av_i t%/a??;ya%né%e%?usl[%&]
In the exemﬁ[‘iary SeRsad PR reqtigR PEthgcpeling @ir4i.g, radially inyact ormubrapdi within t s 22
(FIG 5) 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

(F1G. 7), the inlet apertures 61 of the respective microcircuits 22 on the suction sidewall 30
EH-10956 14




di sposed within the pressure and suction sidewalls, 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 ' pecti.ve. pas es 32a-b. In this way, the
count er - r ot aaH %Mdg)??% Iglftljllﬁl %ﬁé%&‘ﬁiﬁ‘%ﬁa"‘i’&@? 1%@5@%@5&5‘@9?2@\%4% oethe psbsyyed t o

assi st in t i#ideviald8ghd intet afertistes 6¢ obihe Pgpaitive mireeifcits 30UrEhoRREA 1y €S 61 and
into the m %984 hﬁ&'fotan%nz'a I[t.is nofed that the EI acenent of the 1nlet
apertures 6](.)6WI PR T edp et pf%mflﬁtﬁa'b‘#@éaé’ﬁ?téo s dibs &4 anshavely deompd middIQRYtIGO

w || depend of thetpassaghi 32bc tThese pofitibhioB® il dpdhbes@l: Slati | i.nward or
outward) within the 55\% eﬁ?al?e 181.588.86"[ hat {’ﬁ’gﬁﬁs(géblggpré@qh%)ﬂg@ugpa\é\ﬁt ure is
in flow comitificR S EA 848 #0. withthus be endirgetional witthée Slogslnfbrde theesini Fronvitiel be

further det abdvedeheiha i is! r i. ment re.the coolin
f:Jow i s radiagl Ly. ou'ltp mgv:"gft&glgﬁgrdgﬁlggd@@%%gx%goﬁ ?%%C%?E%Q'egﬁ%m%“@ I6)g

the inlet apéePifiindhe ripestive piesspre apdsuctiomsidiveallocisrepeseste® i FIGN?2 {dach SIURS | ON

si dewal | 30imét@pdasdstd 1N I to. an.area proxjmte and adj acent
to the ribs 118 and avvarkigfP%ﬁfggﬂﬁngmgﬁgﬁ?Qﬂ%rf)‘f’mt'ﬁ‘@mﬁ‘é%‘g'ége 32a while on

the pressure sidewall 28, the inlet apertures 61 of the respective

m T ocl 1 oUl ISP ARIBYRT HOLU PR ELE, o, A0 L ol erlne 124 of

the passage 32a. These positions'f
t he pressur extensingshetweeo thesfirstend ll | Sarid8he Sfposink kdcohd st 126, &PG: E?\ﬁfﬂlé}?al with
m [ ar

the Coriol} her ei n. 55] In Iike manner and for si

reasoni ng atLéIﬁb es%grénﬁgveh%" 3\9@3“3%“?‘%@%%1‘%@ as ghewadn pessegeviierthe intee
cool i ng f1 oapeitsres GHbfxhé shidrooiuds ZSwikif e HRcksicB siae@lii Fl G
7), the inl ef a terté!lre .61 of the respec??é\}g_mslcrocjlirpét&&?gé%ggg%ga%ﬁgéa
suction si dERRPINES WENRASeaE S salonedhe,pressurecidesyal 28 »f almut10% oa bithet sitie

centerline dfke inferseb@nRA#EAG R 1M iitF R Indel ?urﬁ{cg 8@@5 regs%iredsi et“!fah &ég " the

i nl et apert,thrj,es 61 of the respective mcroclrcul re po o]
correspond {85 SHresRands ioaslistance ef shout 209 elbealength, LhBuntiehshelihfet Retudwngy f r om

a m ddl e paftthedficrdlredi N itions for e inlet
apertures 61, el at ifr{:/ﬁell%tQ g%ﬁﬁ?é‘%@ﬁ? gzﬁﬁﬁogtﬁétf?cgﬁn%?a(ﬁ%w%mﬁg? lagped y; | |

thus be codi9nédhs prasshresideryall echCuat thelinlet dpernmres 6 hefteat mickocpauit e widhoy €
descri pti onyafish SsFabQll 4i t{u) fact .that due to the orientation of
the mcrociFeui ts Zg'n&b?ohﬁ]ﬁpﬁﬁ rér%gg glcaﬁ"aé”' LA P2 Afrbou40% of the dewal | s,
as represereeddiend F0G The respeative sfians hieng 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
sidewail 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 withlin 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, $2, of about 40% from the first end llé
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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inlet apertures 61 a-c for passage 32a and b are part of different
mcrocircuits. [056] As shown in FIGS. 6 and 7, the passages 32a-b, have a
length L and LI, respectively, extending between the first end 118 and the
opposi ng second end 120. In the exenplary enbodinent when the cooling flow

is radially fes§mat @ furdfer i e 3 the inlet apertures 61 of
t he nicroci I’Clil ts 22 Wi &%\Q#eﬁgﬁlg@gg%@ e??%‘&%‘?sf’“tz’%"eﬂmth!féhfdcenndlrpassage

32a are posi¥ bferd the Raﬁﬁaﬁeseﬁsfbarespﬁtiﬁs,ly,afdﬂbgnﬁﬁl@fd?faﬁﬁﬁid?@mﬁr%ﬁfﬁ%§4%28 of

about 10% onwigtih B 8dtariigQSreoiPf ter i on of the cen W t h
the inner surface of the c”fr)esglu‘r“etlog \?3/5 ¢ plgcemenpofgheiplet apsptured §1tas a

di st ance of Tatigdherpvbor w:ﬂlaeé.ped:tgds the caterfitiést 1A 126t %e% h‘q?&#foﬂa %@rr%a'sm of
sage

the microcirp e_suction sidewall
32a are posi tﬁ‘l}égtrlledgn% ap%% "[nﬂg;gp? Ay can by 'ﬂwﬂlmﬁﬁuuﬂnuhlhmﬂ it dvanédiibe vith

apertures 6masy ahanmumxmmﬁl paddpd ccﬁhﬁgueﬁﬁ(;dglo@v%gm?g an /ﬂbﬂ?fqtﬁfgar? u%ﬂéO% gr om
, V en

the first enlgr 1J]8rbla&1d thin_a span,
120. The respeltis §b§frf’§ fiowng therebeteesnr Atteitice iwailso d2n Bshdeasmted from

each of thmtemﬁﬁoxiaﬁh &&Qelgegrlg di st ance of about 40% of the
| ength, L. ! Fyr t her in the Lgf(ig?rp%tr@e %ﬁsbwrﬁ iR FHCtigRsiderals 2580 farg f 1 ow

i s radial | y H’é"sa%t’fﬁuﬂaliym@labsﬂgpc ﬁﬁib:,onﬁglﬁatidhloﬂheq;@%%égres 61 of the
m croci rcwts 22 within the suction sidewal] 30 that feed the passage 32b
are p03|t|oned within a span, S1, along the suction sidewall 30 of about

10% on ei t P9k Referging npw to HIGS:. 8@ud 9, deedafips frau@antids | g gl%@n%&l%

i nner surf hIS corresponds to a |stance of
Lbout 2005 of Jochnt o 2 iiClefilyed bR pasiigh 337 B rosprinbiar B1G s aparinke

ni cr oci r cui qrgsszsgctwnmww phthe prssRILe ta&brdﬂwéé 8 of B165. fb%how@ﬁﬁ%é#fd:ﬁ §549e 32b

are positioj ressu i dewal | 28 such that
apertures 6??%?@(?2@%%9@? cPc?FPSfJ%]t lgl e \'/ﬁ"ﬂl’i‘i“’l‘ﬁ ﬁf%i)mtlor@ylewfofdbcpuuagﬁl%af rom

the first mnﬁlﬁg%&mblmeﬁmm A28 d & t he second end
120. The regpect] af ﬁaﬁns along the pr§essure %?g%’ %{%g OWRSREFed from
each of the éen Y correspond to a distance of about 40% of the

| ength, L1. Eft-10456 15 [058] It is further noted and within the scope of

t he present[ &(ﬂ Sntlog{ that the centerlines 124, 126 of the passages 32a- b,
respect i velly idpzky; WAIGS. FQanddhy feehtsipe oi mttatanah 17866 agavn ik n

pert uros oy ot o BEMfor abluhd di e bithad 35, BlCh 0T Sryrish rorcsseianml viess 124,
126, as pr (9\lj;fh8éaassggﬁ 32brin FHa Ttakepahing 10-10 of FIG. 7 showing the feed trip 128 in relation
to the inlet apertures 61. FIG. 11 isa 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 stanted 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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I nvention and shown in FIGS. 6 and 7, can be inplenmented and utilized in
connection with nmany alternative internal passage configurations of
varying shape that rotate and have an internal fluid, such as air, flow ng
t herebetween. Attention is also drawn to the fact that the intersection of

the centerlines .124, .12 wt he essure and suctions sidewalls 28, 30
for any inf&m¥ %632%’58&%4‘1‘? ﬁ%P@‘E“WEP ol Qrcgﬁa%@ll&’iﬂ WA thedUeEciteiS of ¢ he
passage. [ 032hreffofibiddrgitindie pesdukdFode whllnBths QeschiB&Theldindbova) ihel iHleDipeAlRS S
128 are shogngﬁalidi ally  adjacent to the inlet apertures 61 in the passage

32a, 32b, r B¢ prepspdicplagio the ads of rpiarien 9% ande pwieh 86l be aligried witbhediowt he
passage 32agfpkeRrialioRged-8 of FIG 6 showing the feed trip 128 in
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 where the feed trip 128

and inlet a u ' ' . .

S 1 ary, Rk REEmy nBh o RRRD, Blhula 13, 1nE ke LTSRN ibion Hifanes

radi al |y adjddeeeribed berehewillmowtbe slpmiledriS. Bllisiarpriohart pasesmipaalB2dnoledl G 10 i s
a partial cross- ti,qnal, view .of e passage 32b j.n ElLG. 7 taken al ong
10750 or Fi oD BRGPTER bl b0 plad BRRE RO o ol Heghivahess e
apertures Gjresdnt Edolihg bchemeas fatritied laboveamd tiaohanfiahal prievdroiladehenfigsaige 32b
in FIG 7 taken .a 11:-11 FIG 7 where t feed trip 128 and .inlet
apertures G%Oévﬂ’énﬁ(g\%ﬁ' %:r'fr‘feﬂg’ PISERS e srofingaticcsness gt eﬂff‘%a{trbf‘ﬁgg 128 are
positioned enfigtiafie@shown ih FEG.118] €8P tdprdentd the\WobiihglcBe@RGhest forlipe
direction of the cooling flowwthin the Eas,sages 32a-b. In this way, the

trips 128 i fperfimenof the prseiy dnventing digclasedibareia ipEIE 4g dssimilaragolingd facilitate

entry of thef&aodesihnaitile dotbohdife beReftOf! thit Yhdwwn mzurve!1BRAYiAbe bl¥fevelti PS i N
FIGS. 8, 9, 10 and 11 are shown as slanted with a rectangular cross

sections, t Withthejegbodimentia Fléekent invention are not linmted to such cross-
sections [e.g. sem -oval or hem sphereical] may be sl anted towards the
trailing or |l eading edges and may be curved or straight. [062] When .the

m croci r cui 064D ZThercgolingsitfectiveneks witiohs defined asthe ratorof thedempdratuQlitigente o€ r i bed
her ei nabove - nl tur WhlJl b erpendi cul,ar_to the axis of
rotation 98th§1%14(]%“{';\"srPl O?E@Q‘%Efg;gé&%g%% kl?ui/l\cn ‘ﬁalﬁ%m r?q‘drﬁg%llh\ﬁ/it?rﬁpefr%némf | ow of the
Cori ol i s f odifferenceSenideartherelatifeiiot tdrabustion gaskys andi thScooBinit @belinpaein) efineads
within the Rigssure sidewal | 28 as described herei nabove, the inlet
apertures '

where:

Tgas = temperature of the gas flowing exterior to the airfoil;
T cootant = temperature of the cooling air; and
T mews = 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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61 will be perpendicular to the axis of rotation 98 and, as such, wll 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

conventi onal oll. FIG 12 ig a plqot of_required_ bl ade cooling
flow vs. coO e%(lﬁaé?eﬁofa é'(lﬁfftf Weg'éssf%?o {HE “Otﬁaét?éﬁi‘doﬁ%I filmycooling phaifeilslost r i bed
above and t het emplee tis mtstabdqbrauﬂgh @ﬂtrelthlb&dﬁg&eﬂféﬂweaé)ﬂ Othe nfdQilof N FI G 13.
Curve 130 represents 00l i r] ectiveness for the prior art bl ade
conf i gur at i SRMEHBYHP “ﬁféf‘e‘ﬁ” tﬁi"fi’é"“l@é he keat iclenn of theeoaliss pir pgit travels
effecti venesﬁuﬁmmemgmlmqglmlo“@f t he present i nvention disclosed herein
in FIG 4. Asimlar_coolin ef fectiveness and the correspondi ng benefits,
as that shown i nMeTifhreldd2; Twhtnl in] 4T aehiTowed. lwi t h t he enbodi nent in FI G

3. [064] The cooljypg. 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 ur & cdomn dulFetempsrgoreaf thegoolkingf fiegxitingahdaitiesen the rel ati ve hot
conbust i on gases Tadagh, b Feemysodtaa vf the oodlinggir@nteyingldkiinied;, md fol |l ows: (D =

[ Tgas- Tnet al | / [ THaax Fbolkireewl tempetereasf thegarfoil: t enperature of the gas flow ng
exterior to the airfoil; T coolant = tenperature of the cooling air; and T
metal = bulk netal tenperature of the airfoil. Preferably, turbine

engi neers af@b5ieki tgeleqlmnbxrgbom ndbﬁnbgmglﬁ&fs daeshatdscf & B6ignRmeS Bi gh héyti O ihn
etter the

excess of about 70% becau C netal tenperature the
overal | duP%KiUpitys capingihe YS‘I’IQ&:; f%ge ‘Tfﬂ'it' ggl Lhe prpseat igyentiqn.ias shoyr g cpgve
i nvention i n32 $OFIGAY3, achikves this intheiBed ﬁ@eﬁlplclﬂgxp iFa RERbRYEHal O Flﬁfj'tﬁéepcag Eals
terrperatureégfqz:]gfégot conmbustion gases. The tenperature” is reduced due to

the m xi ng FAsishepminFlg 3. japd 80, e"’@t%“ shoyyn inf2G e jare tuidulenea premetgrsi nt o
the hot coghHfthOmi@asrchit 2V Se@b'ﬁd tHe el ﬁeg&e%é ?Jrfﬁc@{l}l e hi's

met hod conpl etely since, as ressed ereln ove, nore cooling air

taken away fheshye W@"@@&ﬁ}eégwﬂﬂle@msfmpatht Hbird, Iﬂmdm:kdlsmeahﬁrﬂnvessor
14 (FIG 1) tlﬁé&[&h@&t‘?ﬁé’ﬁﬁ:ﬁmﬁ&nﬁ"q‘oﬂﬁp qﬁéﬁl@ieﬁﬁg{oﬁgﬂ( Both teﬂﬁ ? SRt nﬁglcrwnzl}rivent on
ve a to

errpl oys a no roach to intern convectl ve
achi eve a FIGS.3 and 4, meter the flow to increase heat transfer pick-up within the microcircuit 22.

[066] 1t 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

EH-10956 18



EH- 10956 17 desirable cooling effectiveness ratio. It is noted that
traditional filmcooling of airfoils does not enploy this nethod to a high
and reliable degree of efficiency. The neasure of convective cooling
efficiency is a function of the heat pick up of the cooling air as it

travels w Lhj icrocircuit 22 as follows: Tic = [T coolant,out - T
cool ant, i n%a#l&[r%ﬁedgéa?mf I C%Fsaeﬁﬁ?w?rﬁ’f“ PW%’&%E? ngve. Bfragitcui gpoling design

t enper at ur etodynérgiticalg impgvaperfoenarice Agd éxiendBlideaifs ; THE Biedcailit 22 oF the

t enper at ure_of ihe coolin? air.entering the inlets; and T nmetal = bulk
met al  t enpePEHPL ISFALORLoYIder a7 {mprevsdaneaps o im cogl the nisfeil 260 Thus. o blags 2k

engi neer s agdlpldgip eitefielfRPkooling 85 @ oMhd fre@nlthokhibE Bl nftichly HPe § RifSer
cooling the wall 24 of the airfoil 26. The present invention, as shown in
curve 132 ¥Fvipg e bpvalsojmprovg exerplhusbingieffisignesd heat pick up in a nunber of
ways. First, the pedestals 60, 62, 64, 66, as shown in FIG 3, and 90, 92,
94, shown in FIG 4, are turbul ence pronbters wthin the mcrocircuit 22.
Second, t hel068teWhils thergihaye been described herniewba ardwensidertditcbegreferred dndr eby

enhancing the ' : h., Thir t he pedestal.s disperse
the flow thr g@%ﬁgﬁf‘ﬁt %e%@f%%ér%%ﬁ{nﬁ‘a@% ithe toditieatons of i“iH"g?“Jr“BWg‘a‘?n bot h
enbodi ment sbesippanent tn thokd Bled3n thadrifromit egachihgs Hekedy aho itiis) eepstsre, desindd to

transfer pigcke- i t.hi j CrogGjrcuit ...[066] 1t is understood by
those ski|| Zyetitte “e‘némgrl’t"g‘t‘;“ﬁeﬂglv‘x‘n“’t‘%ﬁ%s“f’ﬁ8‘°§@%f}é‘l“8f‘s %’Hi“’é@%@&ﬁi‘? SHitadac ¢ he
ar r angenentscope ¢fitke jpeetgish.al s and t he 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 fromthe
mcrocircuit, 22, it can partially mx into the streamof hot conbustion
gases, G and because of its own nonentum 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 conbustion gases, G
[ 068] Thus, the present invention provides a cooling systemthat enploys a
novel approach to filmand convectively cool an airfoil. In particular,
this conbi nati on provides an advantage over the prior art cooling schenes
in that, to achieve the sanme 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 advantage of providing an
increase in turbine efficiency. As EH 10956 18 conpared to the prior art,

t he present invention provides a novel mcrocircuit cooling design to
synergistically inprove performance and extend blade |ife. The mcrocircuit
22 of the present invention provides an inproved neans to filmcool the
airfoil 26. WaQtima bl ade 27 enploying the beneficial cooling design of
the present invention will not only have a longer service |ife but also

| nprove overall turbine efficiency. [0691 Wile there have been descri bed

herein what j1are Qodiisle¢iRditiRpERd BESLET & Akt arm?mﬁzs@m @gdoﬁmpbmozaof

the present invention, other nodifications of the invention shal
apparent t o WaHgsutablgfor pedn p gag Hebingrangime crempRisingieachi ngs herein, and it is,

therefore, deSIrg?u&QnQPﬁnE?ﬁﬁﬁﬁﬁshﬂ 3B PRk 391 ?ﬁ&FS$ﬁbﬂﬁuﬁ%$ent,0n

nmodi fications as hinthe tru spirit an cope’o
W Claim 1pr¢n®mﬂlqmgatbpfmhng dr sm@edoqim'gmant a first wall portion and a

second wal | por ik S or dBbled MM 8ol Qoo Sl Bl A5id A S0P NS! e

conprising: a pIur Tet - apertures wal |
portion, samdnmkkatmﬂmgmhdh&qmﬂnmmwfdecamﬁgammmath of cooling air into the

Cooty 53, “hara 1 B br 8tk e aBRaET b ol AR 0h o e
cool i ng ci r eedohd wall pbitiony saidypeddstapededérale an@ xirhiste (@ coslingempasangl first wal |
portion and said second || portion,, said pedestals accel erate and

turbul ate t W’%Wﬁcﬁéa@pf’x\a%ﬂ““ﬁﬁ%ﬁﬁ &%@ﬁg"@éﬁnﬁ apotEAd| s are
arranged in rowsa@td siohgatddPRIARE dRPEE fidiallg ARd @xéddirfgtbeab&ﬂgﬁaeﬁstmﬂestal

di sposed radially and extendi ng between sard first wall portion and said

second wal | PB'ES#OP|3641sa‘d55£F‘€f'df‘Y‘11%R°"é?'bﬁ@ﬁﬁ@&ldsw@tp&ﬂcs@éi’méw%’Eﬂ pedesteandy| s
and said f lsa‘xafﬁrs%m siot, Sid ﬁr%aagngfatea%&d&mm&m@ RSHGRE élfng though

distributes the cooling air through said first exit s
circuit of eddifimtexitslokther including: a second elongated pedestal di sposed
radi al |y and extendi ng between said first wall

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 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

EH-10956 20




portion and said second wall portion, said second el ongated pedest al

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 around said first and second el ongated pedestals and renaining part
through said gap to exit through said first exit slot in a uniformflow
pattern. 3maiflsgeaulole sad straamlines affthecdomling #r ofdaed fdstrengdaewbng alongsed

subst anti al | entered adjacent.to said fir exi.t . slot. 4. The cooling
circuit ofpe(# %iﬁan Po‘\/{ﬂtgfsg{:tﬁa% ?tae’fqpf’gfmg?%ﬁbi BYe¥st al i ncl udes a
projection adjacent to said first exit slot, said first elongated pedest al
causes streanmlines of the cooling air to flow around said first el ongated
pedestal ab' varlhefgoingfieaitodrlaim davhesein saidifirst angd seeend dlongaied prdsaralstares aj d
gap, wher e %"I’d'ng : |, 4l I: O] I adj acent
to said fiellrléshtt exi %Iﬁﬁﬁ%ﬂ%%@gﬁggﬁg%ﬁggﬁggﬁ}pe gg?tg? pa&‘gﬁlggé”g ?téam I nes
of the <cooling air to flow around said second el ongated pedestal at

varyi ng angl es J.el at]i.ve .to.ts?i lq. Fls-[f 0956. 20 mai n streamine, said
stream i nel of UIKECRYY FIRYLEf Flatp LIyreranciudme: g second el ongat ed

pedestal s do nai sebdridxneldt dRPEIRA SdnAy N BN sR¥Ad WO psrabs! shill sedon@¥kit siel ot . 5.
The cooling circuit of claim4, wherein said first and second el ongat ed

pedestal s P’é‘df’sr‘l iﬁ?!i% P#&l_ﬁmasbroqtﬁf@ﬁamiwcirwisam_ proj ections i nmediately
adj acent to saigkebddaiorphicl peddial di@pos&hﬁdﬁﬂ?“&@&uﬁ{dﬁfﬁfﬂe&wc@ﬁ sl g!ré?\vlm
radi all'y

further including: a second exit slot dispose I'n sald second wal |
portion, sRArdonswEsad sesand willportiqn; said sheendelongated pedestal beétivean sadkpedestls of t he
cool ing ci s . edestal disposed radjally and

ext endi ng g# \%\i/tgesﬁ"ads?lgieg“? ﬁgggﬁ%@&'g@é?ﬁd‘)ﬁg and PSR 4 821ME MW B%]? PFon,

sai d secomf e edjag eidcuyedest al bet ween sai d pedestals and said second exit
sl ot, said second el ongated pedestal provides a cooling air flow path out

of the cooling circuit. 7. The cooling circuit of claim®6, wherein said

first el ongat edrieedeigdircuil of HARS6,avtickdi® taid RFsPEIBREa A beddli iR Hded #HiSRI O
first exit sJot, said first el ongated fgedestal causes streamines of the

cool i ng aiRFOXEHM Figcehtdnirrid Set et tptsaitfintrienaatrdpedestl eusesstoamijsangf angl es
oy S S8 Ty Bl Rl S RSB« HISERL"
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 clongated pedestal at varying angles relative to a main streamline formed at said
second projection, wherein said seamlines of said second elongated pedestal do not intersect

each other upon traversing said secand 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 pedcstals to disperse the cooling air as it enters the cooling circuit;
a first row of pedestals having i smaller restriction factor thun said first group of
pedestals, said first row of pedestals provide for a uniform Aow distribution and reduce the

turbulence of the cooling air; and
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upon traversing said first elongated pedestal; and said second el ongated
pedestal includes a second projection adjacent to said second exit slot,
sai d second el ongat ed pedestal causes streamines of the cooling air to

fl ow around said second el ongated pedestal at varying angles relative to a

mai n streani i ne ¥fgstrew ofimesging pedeaalo havipg O Rk} %c%ﬂa&h%ﬁﬂa@d fisf &M 1 nes
of said sec&;bgg&{amﬁéggiﬁsdestak?%oggot i ntersect each other upon
traversi ng sdid second el on&%ﬂ"ga 8%&tal . 8. The cooling circuit of claim
7, wherein said first projection is substantially centered adjacent to
said first ﬁf‘i t Tzal ot and said second projection is substantially centered
adj acent to " sai dcSRUBESIrEWt of claimPd, whereimisaid pedaistatsgindiidecui t of cl ai m 1,

wherei n sai d pedasdoali fow BEPERAls Fositionsd bR a Qe fir g&g%}g%@f%]gag%%gcﬁése t he

cooling air _as_it enters the cooling circurt; a fTirst 5t s
having a sifBYFbMetegag pedestals and wid fst grommotqmilebtald, said s@oadipwOSt peaaa@st al s,

sai d first Haok @kmPRG Skt i . uni ferm flow distribution and
reduce the tﬁ%bullnence of ntE?liea'{cg%E)t\qﬁ%%ggfs??ogﬂa?ﬁr&ﬁﬁ[§§ seeongd 19% Pt 1 ow of

met eri ng p@aestalapsovids fong vaifgmdtumedistribattaniant ksacd @6 hebultRBdf BRicBoifighst T OW
of pedestals and said first group of pedestals. 10. The cooling circuit of
claim9, wherein said pedestals include: a second row of pedestals

posi ti oned lbet wEbmcoskingicitduitsf clhim ®ivhaedesidrs gadtg of Bbdlstisafl said g}’é’% 18;5;\7 of

metering p nd said first group of pedestals, sald secon

pedest al s %ﬁge\?/!% ﬁ%‘%@?ﬁ%@g&ﬂ\lgg@}gﬁpp@ t §Y4ipdes shaped Arogsseerianis and sajd fisp  of
pedest al s, revadinaednyykdesmals Hévingﬁeﬁﬁﬁélﬁr'o%cﬂwbﬁ%e{t%s a uniformflow

di stribution and reduce the turbul encé of the cooling air. 11. The cooling

circuit of claim10 wherein said first group of pedestals and said first

row of ped]‘b.staﬂ‘lfed&aﬁﬂxglgrcﬁﬁ%ﬁélﬁihﬁi,|%eﬁh@ﬁ9€;%ﬁgstﬁl%Ql%l.dg.)" i nder shaped cross
sections and said first row of netering pedestals having essentially

circular cross SW&tFBYROf pedestaisfa disperse thg cedling airtas @fenetsaheeablingbiesuad n sai d
pedest al s i ncl udfrst MetbidSlowds Q s..to.dj sperse.the cooling air
as it enters the cooli nggs,?i rcgiu?'? %hpﬁﬁgﬁ}e%é}cgw F?ﬁtOFEWtS'F thaR g Erstrighian havi ng
a restri ctieeiAr fopsaid firsygroup of padesais;and est riction factor for said first

group of pedes taas'en?dndmering 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 pedestais 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.

15. The cooling circuit of claim 6, wherein said first and second exit slots have

dimensions no greater than about 0.10 inches.

16.  The cooling circuit of claim 1, wherein said inlet apertures have a race track shape.
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a second netering row of pedestals having a restriction factor greater than
said restriction factor for said first group of pedestals. 13. The cooling
circuit of claim112, wherein each of said first group of pedestals having
an essentially flat side and a contiguous rounded side, wherein the cooling
ai r upon entldri nghe todingootiing chiim duwherkiiRhid RISt Do@eskive dinhationd fe and i s
di verted by tiﬁ?er?l?arﬁtaﬁﬁﬂtoﬁ? sa'bd rounded side around each of said first
group of peo%s al's. : 8“2:‘: BY i ng circuit of claim13, wherein said fist
and second netering rows of pedestals have essentially rounded cross

sections. 15_ The cooling circuit of claim®6, wherein said first and second
exit slots Hive LUF RANEEGHitRS clgima AP.otherqin prid e grogp ofpedpsttlebave igigthFland

cool i Ng_Ci I Gifihs & thé kR EbflabodtEShéhes & ol D G inARS' ceet rack
shape. EH 10956522 17, IE:{The 8ool i ng g??c%ioltlmo@%l al ’n%mffﬁg\[ﬁg?\é?%ﬁg%go?ﬁ % nl et

apert ur es h®pdesiisrhania lepgths wnsl wigkhe int the rangeiof abioot?.015.i638s iauboet).0258nchiEh e

Cengt s and -y 4E ReEI Fridleri Al 0L BingiShe i Refer DopnBBETD BOGF MR c e
"said first and second rows of pedestals have |lengths and widths in the
metering peddst ante sesiBE SRl BRED s hsieimine Pty oo B s Podesial i i B 1o,
The cool i ng griupofipedesthls claai firstkOy ofpeiestals ahdieripiccohi o@tofpeRsaRiishdaesast al s
in said fi rgﬁa g%_ﬁg% %.q@gdes&aks,. Sﬁli dqfqi rst row of pedestals and said
second row OF" 3RS incles agd wherkinghe pifch batwesn said pedseals 1n yeidiatst micPtwher ei n
the pitch betewsiap psdesdlspestegtatethdnhbda o40iinses.r oW of metering pedestal s

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

(the ra spaci n : . Lo
group of pegdest alle doslifPcituRdt Bkint [BWheRAHhe Qxd%??pa!ci’ﬁg%&%veeﬁ %lﬁ%c%sggﬁlal <is

spaci ng between adjacent said tpedestal S in sal Irst row o

no greater P‘?ﬂ&ﬁ?‘éb‘biﬁid first graup ofrpetiesials is ne greatr thian shrait0.A20 inchesctba radiihl acent
sai d pedest 5’d3§i“g 'Be%bﬁadé&%ﬂﬁgigrgga\és&ﬁsgn REA8S %df gfcéert]i?s?alglrs%%tgggggté 1 al FE‘? ut

0.020 inches and the radial spacing between a sal n
said first P8¢0 rhesethe ridinl sprcine Setadeen adjacent syidgmetiestald ihasid adooud rdv 620 i nches.

ﬁ ; v eTg ie ngﬁg{;égggalg it &Lﬂréaté%ftha%l a%bJI‘o.Jo%o ir\{é:’[ﬂgsr a%ltheSr%higl sfplacrirslé be(%\fvgel#lpad_?gccrﬁ %9183 tals
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 and second metering rows of pedestals is no greater than about 0.040 inches.

23.  The cooling circuit of claim 12, 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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no greater than about 0.030 inches and said first and second netering rows
of pedestals have dinensions no greater than about 0.020 inches. 22. The
cooling circuit of claim12, wherein the pitch between said pedestals in
said first group of pedestals is no greater than about 0.060 inches and
t he pitch Bt weenhdhiwdaifeitlesinptisng:i n said first and second netering rows of
pedestals is no %ﬁﬂi@er tt}an ahout. 0. 040 inches. 23. The cooling circuit of
claim 12, wherei®n Vingditust vai 201400 apL p sreend wall pertiar jaingddogefferest al s i n

sai d first groupneitemadasitbing wiiciolheat RlcWaBR fARPHE el AR difGilgsa and the
radi al spacing between adjacent said pedestals in said first and second

metering rows oft SHelNgLingpis disposed betwpea said firstivall pominmand s@d Second eld porEph, 10956
23 24. A hahidQWoRg diRuft inchiRr i sing: a wall having a first wall portion and
a second wal |l portion joined together; an internal cavity into which
cooling air is RIPhwalY ef infepapertnres digpesed innsaiddfirst will portord said ndetlaperguresi 1 cui t

di sposed b i i wal . rtd and said second,wal.| portion,

said cool i %‘5&’\@%’30%?‘% 9’7“&8?5‘;&1"\@@“ g&%ls%frd g{&fﬂfnﬁpcgf’ ﬁ’( Ay a‘boé’f"fl%?‘écélﬁdi sposed in
said first wall afiestekioslot disposed radiglty iapaidisetoad wall portiodssart firkiawitprt h of
cooling air_fr sal,d internal, cavity,into said cooling circuit; a first
exit slot ﬂi%%g]éi&g?lé k- cg}vgar@%%phs%%%%) 98 GBYYE portion, said first exit

sl ot provides apusality ofjpedestald éxtendingtbarvadh sad figseivall pe@bh BRY Gid cuit; a
plurality of &deﬁt al s exteng%ga? bet ween éai d first wall portion and said
second wal ISEC;S’B PiaB gortion; sgid petlestafs Accelerate apd pubulats the copling airpassitgie cool i ng

ai r passi ngherdteerceh ahitgRBestRirélarRRgebindbws SfRt RHMIE 8Ebthdr; Jans of fset from
one another; and _a fjrst elaongated pedestal disposed radially and extendi ng

bet ween said fi fSfstaiongatedpsdesiabdisperad sdially sad eviending hetwrsnspidifirstavalld fir st

el ongat ed perRAhAd sdieiteRIWAPIiRCHES hidt Somgitba pradsth bidveln seaﬁéed 1L angS2i d
first elongated pedestal uniformly distributes'the cooling alir throug

sai d first sasfistsxipslot, sad firshelongate ppdestat unjfomnin distributésshecovlinp eir dirodghi | i s
fabricat edgfg H&@ﬂggggl selected fromthe group consisting of nickel based
all oys and cobalt based alloys. 26. The airfoil of claim?24, wherein said
cooling circuit occupies a wall surface area no

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.

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 elongated pedestal disposed radially and extending between said first wall
portion and said second wall portion, said second elongated pedestal 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.
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greater than about 0.06 square inches. 27. The airfoil of claim24, wherein
said cooling circuit has a thickness into said wall no greater than about
0.025 inches. 28. The airfoil of claim24, further including: a second

el ongat ed pedestal disposed radially and extendi ng between said first wall

portion ang saige 86BN 18, WRELInQRid gifisduseaRinty Slnpnapiadenesesd fils
bet ween sai d pedestals and said first exit slot,” said first and second

el ongat edepbdléist al s separated by a gap, wherein the cooling air passes in
part around said first and second el ongated pedestals and renaining part
through said gap to exit through said first exit slot in a uniformflow
pattern. B®4+ 10DEbaithdil ofclaimiias, wherfipishid difrst eloagare @ destiléndcdides 8 girdjeggmp i s

substanti al.l r ' idfirs exit slot. 3 The. airfoil
of "ol ai m Byee<afGHATRE RULAC 0 olerdBlobed pelBlat o sfarhltns P ERGRCt | on
adj ac r?1 nt  hio tsBiowel F]:ufoiundstalicga’o‘uist eladgated p&f&}sldl 4t iva@inggingla_g adla?ﬁe pﬁ@lﬁalsinatremgﬁes
pedoot al | EITOPRERHIeEdn Y ePeloBisd pee oL F bena RGlechet ROHPHE0 sai d
gap, Wwher giidfifsekdt SQCORTsecoAbRpaed padasitcahses Redatliass of ot Qloffd AP A acent
to said first exit slot, said second el oggat ed pedestal causes streanlines
of the codPprwbsaid secend slengafed pedsinlpt ¥aryine SBGlBTIEIaENS Ipgfatdaprip seragying. said

varying aggagdinéLdfald 681idPaitsN sdid TRitAnd tdc6AIdIbtedRIG IS RATHdrReS of the
cooling air of said first and second el ongated pedestals do not intersect
each ot hetachpthsr upantexiigg said first pxisglolexit slot. 31. The airfoil of claim 30,
wherein said first and second el ongated pedestals are right triangular in
shape with said projections imedi ately adjacent to said first exit slot.
32. The aBl.f oi Theofirfei] of alai@40, Whartih eaid first hudiienond edonpeied peldestaistaresiight  di sposed
radially ] | |1 110 ' can X I rovi des a
cool i ng a%ngngtﬁ%rﬁvn%}gﬂgg%a}t%gg @%Fléﬁségmﬁﬁﬁgeq%gﬁ%cupﬁ?%zgﬁtctj-'rs?ieg%%lglgd el ongat ed
pedestal disposed radially and extendi ng between said first wall portion

pedest al <32 anal Ao L BRI SRR G, o socond el bngat od pedestal
provi des a coO0d deBGhdxit sfot Biépdad AdRALY 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 between said pedestals
and said second exit slot, said second elongated pedestal provides a cooling air flow path out

of said cooling circuit.

33.  The airfoil of claim 32, wherein said first elongated pedestal includes a first 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 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 eiongated pedestal.
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of said cooling circuit. 33. The airfoil of claim32, wherein said first

el ongated pedestal includes a first projection adjacent to said first exit
slot, said first elongated pedestal causes streamines of the cooling air

to flow around said first el ongated pedestal at varying angles relative to

a mai n st gean! TheairfbiD6MBAma3, &Béreinfshit Frst Précdich lis%bstmgn?béhté@d £jacent
stream ines do_not inptersect each aother upon traversing said fifst

el ongat ed tqrayfupLaxit Sg’ﬁﬁf‘dsséldcfe%‘@émc‘é‘PBﬁg%P’éﬂl%ﬂﬂé@t‘%ﬁFd adirdenida said second
proj ecti Okecafld &GEMSe. t 0 said second exit slot, said second el ongated
pedestal causes streamines of the cooling air to flow around said second
el ongat ed pedestal at varying angles relative to a main streamine forned

at said  seconghdyidhipGhbigth 20REEIaRYldoth{ fathlnes of said second

el ongat ed pedestal do not I ntersect er upon traversing said second
el ongat ed pedesfimt gro@HRASEIS dBperscTthe cemlmgcalrl as dxfenmksasam @3lingdirenizj n sai d

first prolectlo bs i,al ere cent idfirst exit
sl ot and said sgrc‘?%)r?g °EP8‘jI‘°é atslh(%‘rrlm s?%cglr%s tocfé]?‘?f’é?lg U HF YR it to said
second expddesthlotsaidFhst rEf\hef padeitﬂs proofde bra LmltBﬁn ﬂbh&ﬁﬁhﬁhtﬁ:aladd RAMRIAAl S

include: a first ou sstals to disperse the cooling air as it
enters salllPUSE PHYE & ‘8%? a first row of pedestals having a smaller

restriction faecﬁx@rrowrmmmg pédek@ls havink R gRhter REERESP aStor Bdh hid ﬁfssiov! ow of
pedest al s@prow de for a uniformflow distribution and reduce the

t ur bul enc® Rflestaland saidifisyf ggqup of Bedestalst i rst row of metering pedestal s having
a greater restriction factor than said first row of pedestals and said

first grou of pedestals. 36. The airfoil of claim35, wherein said
pedest al s34-nciTheairfall of clamdSrwhereir spidprdsstals ingbusisi ti oned bet ween said first

row of pedest g S%C&HQOﬁ%'fgedtthﬁl? gomﬁcﬁ‘l‘éﬁ t &id fllgt tBhaV%@elsﬁilsaarﬁg fig:fgstf Irst

group of pedestals, said second row o est a snal
restrictitow dfataingpedastaisaind sfid ﬁz;it g@npof)p@&stﬂ&desltsactmd rsxaloﬂpesiesxdmd row of

pedest al s Vi i |str|b educ t ur bul ence
of the cohﬁ%n asqﬁugrqésﬁ #’ﬁ fzcg‘lgrr s?‘ﬁ f?méglT ouPrﬁ &St ef‘aé(; S wf‘fflr st group
of pedest wdsstzim;irosﬂe dorfai uniform Hiow dfsmunedeatcat&mhaha taduRacesiithaddolingdinngat ed
right cylinder shaped cross sections'and said first row

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 pedestals having essentially circular cross sections.

38.  The airfoil of claim 24, wherein said pedestals include:
a first group of pedestals to disperse the cooling air as it enters said 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.

39.  The airfoil of claim 38, wherein each of said first group of pedestals having an
essentially flat side and a contiguous rounded side, wherein the cooling air upon entering said
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.
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of netering pedestals having essentially circular cross sections. 38. The
airfoil of claim?24, wherein said pedestals include: a first group of
pedestals to disperse the cooling air as it enters said cooling circuit; a
first netering row of pedestals having a restriction factor greater than a
restricti f i j e l s; and.a second

reteri ng row of "paden oL a8, MhERin AlPalcoRETRLELR RRa BSFHER e o
restricti @ssehtadiygourfded cross sdctidns.st group of pedestals. 39. The airfoil of
claim 38, wherein each of said first group of pedestals having an
essentially flat side and a contiguous rounded side, wherein the cooling
ai r upon @t er Theaisfail of claiaodd, Rdjereinrsaidifirst AP RGBS cANE16ts EdeBifbionshele and is
diverted by th cogtoai of _said rounded side around each of said first
group of ﬁéﬁ? ﬁ??éf“ﬁ 1967885 26 40. The airfoil of claim39, wherein said
fist and second netering rows of pedestals have essentially rounded cross
sections. 41. The airfoil of claim32, wherein said first and second exit

sl ot s havé2di ndPeigpi ohglaimg4e whereingspidinlgiapertures hayeiamededesck stepe.The airf oi |

of claim24, wherein said inlet apertures have a race track shape. 43. The
airfoil of claim?24, wherein said inlet apertures have di nmensions no
greater tHan EvairoihoDJgm Hewbereing4id inlptapaitureohdve dimapsimnsm@Geatettbarei n sai d
first gro al s have lengths and widths in the range of about

0. 02 inchggmggﬂg§g§@%0.04 inches, said first and second rows of pedestals
have | engths and widths in the range of about 0.015 inches to about 0.025

i nches ang, sai el - ow pf teri. edest al s, have dinensi ons .no greater
than abouto. 0ot HERLAHER. wES S BEER oF nfder 8l FelgHET SR PAGaBs o

bet ween si tile pagest abost 0.02 inetied tf dbbad 0.0 itties aid fMeCAE sédoid rdwi of pkdes@ls row of
pedestal s, and sai d second row of pedestals is no greater than abqut 0.0615
i nches anba\ﬁﬂ%'fgglsﬁna Frdths in ¢ 1 %m@éw"é Qu%ﬁ H@E@s‘? ég%“t 3193% ichesrand s3id ¢ oy of
metering ARCHRSE off hetering PRAGAER0¢ dinktafiod i reflerQriih AbBEITER0 ifkhes. The ai rf oi |

of claim 36, wherein the radial spacing between adjacent said pedestals in

said first group of pedestals is no greater than about 0.020 inches, the
radi al spas.i NOTREHMEES! 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
0.0615 inches and wherein the pitch between said pedestals in said first row of metering

pedestals is no greater than about 0.040 inches.

46.  The airfoil of claim 36, 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.
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.
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adj acent 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
radi al spaci ng between adj acent said pedestals in said first row of
netering pgdes foil

of claim 38, mfrgér gﬁﬁggﬁéﬁ{%gﬁémﬁgﬁ@ 1(;&:*3% cfgsg é?gé %ﬁglg%b?aﬁ%gf Sgﬁb{
greater t Bedesialsdemo gregeUhimabent. n@m @hd‘ﬂlc pitchehetivese stid gedestalsrin sagd r ows  of

o, The o ar <SP ERaAEERe oPARAL il M B BRI costal s in

said first group of pedestals is no greater than about 0.060 inches and

t he pltch et sald first and second rows of
pedest al s ?s \é\gﬁgr’%ﬁ‘? 8f8?'F§’? gh 'f‘)elaﬂlﬁl ﬁpﬁ'&‘ﬂééetwﬁ‘g’ adﬂl"l‘i%‘“éi“gg’ﬁ‘? St""E“f"‘cl ai m
38, wher ebdid fifse groaglbfipedsals ishig gbeatewan aB&ljt dR0 inchad Md RRAaGhRIpacihg sai d
first gro reater than about 0.020 inches and the

of edestal S iis nq gr t ]
radi al ggtw déaé;{’%é‘@ﬂ P&%S&@éﬂ?ﬂ@&fsaa%%wgmw rews of pedpsdals 89@ second
neteri ng g@u\@rgﬁn pealesned mches. NO  greater than about 0.015 inches.
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