M CROCI RCU T COOLI NG FOR A TURBINE AlRFO L [001] The governnment may have
rights in this invention, pursuant to Contract Nunber F33615-97-C 2279,
awarded by the United States Air Force, Wight Patterson Air Force Base.
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 002] The present patent application
is a continuation-in-part application of U S patent application Ser. No.
10/ 637,448 by Cunha which is entitled "Mcrocircuit Cooling For A Turbine

A0 L R oI TR R T, 00

i nproved cooling schene for airfoils. [004] Efficiency |s a primary concern
in the deaignTad g@aryhngasmby hbienzhengthieinvddish qlurwad ity ConedizeNaibérhe princi pl e

t echni qu r jncreasin fici nc has heen tq increase the_gas path
t enper at %iéél%ﬁﬂt‘ﬁ%ﬁ?ﬁﬁgagjﬁggﬁ@e ie g laGI Y %Fq*&rdélﬁlpé@r%rﬁ‘ibﬁ fts nade from
high tenmperature capacity alloys has accommodated the increased

tenperatures. Turbine stator vanes and bl ades, for exanple, are typically
cool ed usi ng conpressor air morked to a higher pressure, but still at a

| ower tquggg@qﬂ@q% E éﬁﬂ@D%ﬂﬁﬁJ@ﬁﬁTbN@W passing by the blade or
e under st oo

the vane. It wll t hat conpressor bleed air for such cooling
will be UPRlaiThapiesent pasens apglisatiorcio msorinuairniin-pei eapplontieseds.S. ﬁm@ﬂhigher

pressur e BRRLIRS. LS (BRGNS BEPERRALY e, KenRUBIMA AL BEALED A e

conponent ni fi cant percentage Re' wor k air bled
fronithedenwwﬁbéﬁrwhhbmewﬁhdﬁnguhdsﬁﬁﬂur|ng the cooling process. The | ost
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 wll

recogni ze, t f re is 1t tension between the efficiency gained
from hi gﬁie‘%@ggm@g?hﬁtmjﬁg es and the concomtant need to cool
turbi ne ¢eORYOMBRESveafich ksl %ﬂs&hn@ﬂ@ye@&'& irf ge@BRablap@ AMJmptdved Sodiagf or m t hat
cooling. There is, accordingly. great value in maxim zing the cooling

eff|C|en69“6F'RHﬁE@¢br cooling air is wused, Thus, to nminimize any
sacrifice in engine performance due to unavailability of cooling airflowto
support conbustion, any schene for cooling blades and vanes nust optim ze
the uti [POHt Efciesey isorpsieas epnchings dheclsgin alanyigas turbine engine. Historically,

one of the principle techniques for increasing efficiency has been to increase the gas path
temperatures within the engine. Using internally cooled components made from high
temperature capacity alloys has accommodated the increased temperatures. Turbine stator
vanes and blades, for example, are typically cooled using compressor air worked to a higher
pressure, but still at a fower temperature than that of the core gas flow passing by the blade or
the vane. It will be understood that compressor bleed air for such cooling wili be unavailable
to support combustton in the combustor. The higher pressure provides the energy necessary
to push the air through the component. A significant percentage of the work imparted to the
ait bled from the compressor, however, is lost during the cooling 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 theretore, that there is 4 tension between the
efficiency gained from higher core gas path temperatares and the concomitant need o cool
turbine components and the efficiency lost from blecding air to perform that cooling. There
is. accordingly. great value in maximizing the cooling elficiency ot whatever cooling air is

used. Thus. to minimize any sacrifice in engine performance due to unavailainbity of cooling
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[005] 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 platforn) and
transfers thermal energy away fromthe airfoil in the process The manner in
whi ch the.g¢ooling air t hr i rfol Il 1s._cr o to the
eff|C|encyﬁoo OfﬁQOHCOBEwEBE‘ﬁygahgwtmwﬁgﬂéggd338% VWBSQF%O gmgéggéd t hr ough
stralghtme&dmmhﬂ&&mnamoﬂMa@uxﬂpﬁ;MUres to convectively cool the wall and
establish an external filmof cooling air. A mnimal pressure drop is
typically required across these cooling apertures to mnimze the anount of
cool i ng g0o5]t Paibr drScdonamicti abies, ys shosh id PIC. he, thpieahshlean mmm:@mfmgaﬂ passi ng
by the airfoil he nlnlnallp sure drop i.s usually ced t roug

pl ur al i tyFauies Apiahiagssugphiad Wt gaelnggir + Hiq CoptpuERASHFs VO%E%FJ urall p sveof

et eri ng Mebie&r thEQtBAA) dndaraREBS I AalnORy aGH P &ESmLthEirfdil irf @k brosddk| can
result in _undesirable hot core gas in-flow In all cases, the mnimal dwell

time in tHe eE8eTipYhihehe croling air essgs tigughnie girfed vwoet it praticabiltheneffigigRet ur e
makes thig tﬁey]fllgcegg In SGHY ﬁﬁ{ahc\/& &Qﬁﬁg anls p@is@rrl ﬂl\’(ﬂg}{ sfrﬂg fhifok GrRda cdofli ] One

cause of i1 neffective cooling can be found in poor m characteristics in
t hose apwkiteat ioonsvegtiydly gdohtheavatlowt esigblish an extemmitfdmedsbolimgwérl 1A However, in

many cas qﬁl’mrh% pfe%suq§ &IIOE) ?%%gif?lhgre%ﬁ%ﬁg&{o%&hgsle clg%iﬁ]%galp%@g%ﬁt)%gllnﬂzevﬁk | surface.

A filmof coo air I nCreases the
uni f or m taynceht chfh:eolmgcdm thy iaimimi:dm::lbf dase® thdhEeangtehmftoocore g@ pambmge hot core

Pe ar e raarl G S et Sl ol mO RO RS R s BT S TR of o
gas tur bitheairfbil coistted BAs ﬁh‘nralﬁy of thaerifg Hotasc @ob kmgli 4 rebdueddropihicrods tiiool i ng

11 or enchTIH B SOTEL U0 E E Eobr oy W e B NS CRer nal

cavity oftikdi@ (@ dobofhgd apeQa@ RfwellRe tHeraBloe e casifRGipated nidkdshhiy $fpa@f aper t ur es
to establish a cogling air Filmis the filnms sensitivity to pressure

di f f er encengEHYswolipgreldivelydredlicientop  great a pressure. difference across an
aperture will cause the air to jet nut into the passing core gas rather
than aid in the formation of a filmof cooling air. Too small a pressure

di f f er end@06lwiQue cpuse @f incftpctiye gholigishie b ownd migpoatl film ehwrackrisiigghn thivee apert ur e,

or worse. ?pca'[ Hnsf thﬁ)\%ngfa ngﬁ Cﬂlrﬁl coﬁ%t\n-illc.: %{%@vﬁ]@ﬁr{bﬁ@ c%s&f 1ft ?Sccfesﬁ'zlbllem

cool i ng effect i veness® “Anot er probl em associ at e using apertures to
est abl i shoksthiisk fibh m@lnlgsﬂcmhatw«tlcmffhm Aaliim bhtﬁdiimnswhlﬁg dmglhscr et e

poi nt s. her. .t ha nti.nu between .t he
apertures ﬁl‘l fét}eéé‘gl 1Imr%sg {hte “"‘%m‘a O?“ler{’éjgfr:%] "d’ 1o} ng%pxgdly\greﬂéxposed to

| ess cool paﬁgn ;_ahm chaans. ak @er&d&’leofa,[h&hhluheeﬁt aunick e&dgalze, howe\ er, that film cooling is
difficult to cstablish and maintain in the turbulent environment of a4 gas turbine. In most
cases, air for film cooling is bled out of cooling apertures cxtending through the wall. The
term "bled” reflects the small difference in pressure motivating the cooling air out of the
internal cavity of the airfoil. One of the problems associated with using apertures to establish
a cooling uir film is the film’s sensitivity to pressure difference across the apertures. Too
areat a pressure difference across an aperture will cause the wir to jet out into the passing core
gas rather than aid tn the formation of a film of cooling air. Too smull a pressure difference
will result in neghgible 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 15 dispensed from discrete points.
rather than along a contimuous hine. The gaps between the apertures. and areas immediately
downstream of those gaps. are exposcd to less cooling air than are the apertures and the

FH-TI037 A 2



spaces i mredi ately downstream of the apertures, and are therefore nore
susceptible to thermal degradation. [007] Turbine 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 engi ne operating
cost. Cooli Q?. ai rd.used to acconplish this is ex%g,nsi ve | nﬂteggﬁ of overall
fuel consHAPT BRGSOV HEFR BFCAPETVES ARYE AT PE RO SE IO | abl e

cool i ng ahfrmandegafdhydng out cooling of turbine airfoils is desirable not
only to prolong turbine blade life but also to inprove the efficiency of
the engine as well, thereby again | owering engine operating cost.
Consequernpby), Tuthi®S &gir® bde QB R 408 eRBE e LOR @AM sifi®hg ® &QBIobRhrdesi gn
that will make nore effective and efficient use of avai Fa_bl e cooling air
and in pa¥ffigiensvays of ool gridaidetoprdonedife of tha pistoils evghedunegnaine epergier ease t he
€001 1 NG fd QW ciuBfi 4iPhel B adeBifpRATHs fQhBEnsl Bl lonh CORREAN Y cortlifbfiul S al so a

need in the art to racilitate entry in e new and | nprove I ng

desi gns oFhusiteore otftdtivg ard ¢fficierinse pleayailable eatisg eir ihaaryingwut giolingefl bl ade.
SUMARY Q'Erbw\é% iis%\'désl(%gﬁl ndi i Rb B8 th@;’n%%&d‘éﬁhfé%u%lsg?@n HeGhOC! reult
cooling systemthat enploys a new an eftrective approac 0 Coot a wal l
exposed taffidertyghitteenpes at welk tiembyngnmbnterinhahgineoptratag cotoObrsaguentln, an
exenpl ary, enbodi nent., the wall cooled.is.in as turbine ine and nore
par t | cul aPFS AT S 5 s o COQURE desin T pe ko efiEthrdedng

i nvent i orefRdient iuetest safilabkibaitfgearnaue patiblap fd Q@ theGoRk inkg wSeRkes®s i n t hat,
to achieve the sane netal te ,eratlure at the wall surface, |ess cool

conpr essdif dE§TFAsF Secgfiing M s Iopihp FUBS IO BIIEEmPIBW T dIEHS PN t he

addi ti onalec@@MANLR G O iR DYl GHitD ShedRwi B iBFSSed d%o_liﬁg’éﬁs@ﬂs@ffthé chbmeyir [009] A
turbine airfoil conprising pressure and suction sidewalls extending

| ongi tudifﬁ‘éﬂ“le9IOEYW%QW‘PP%‘%?WW to a tip, and extending in chord between
| eadi ng and trailing edges. The sidewalk are spaced |aterally apart between
the |l eading and trailing edges and joined together by a first partition
extending |longitudinally between the root and the tip to define a first flow

passage ; age through which coolant fluid flows
S ARy BB

t heret hr ol " I'ncludes a plurality of cooling circuits enbedded
wi t hi n t Hé0§Ir d%s presersiildewadn pravidestaheicras ircitii anolisg getwal that caddysaeolviand circui t

has at |east one |nlet Ctohlfaat zﬁfgx\/i %ﬁ§ ah%ggl ing flowpath fromthe first
fl ow passARENCHPBIOALLY Yhe™P8o1i'hy %i'ﬁ%%, SR RPN BHES exi t
aperture dobRkg. Inanexemplary embodiment, the wall cooled is in a gas turbine engine and more

particularly the wall is an airfoil wall. In particular, the present invention provides an

advantage over the prior art cooling schemes 1n that, to achieve the same metal temperature at

the wall surface. less cool compressor air is required. Less compressor bleed flow results in

the addttional advantage of providing an increase in turbine efficiency.

f009] A turbine airfoil comprising pressure and suction sidewalls extending longitudinally
in span from a root to a tip, and extending in chord between leading and trailing edges. The
sidewalls are spaced laterally apart between the leading and trailing edges and joined together
by a first partition cxtending longitudinally between the root and the tip to definc a first flow
passage and a second flow passage through which coolant fluid flows therethrough. The
airfoil includes a plurality of cooling circuits embedded within the pressure stdewall and the
suction sidewall. Each cooling circuit has at least one inlet that provides a cooling flow path
from the first flow passage into each of the cooling circuits, and at least one exit aperture that
provides a cooling flow puth out of cach of the cooling circuits to a region outside of the
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provi des Lt cooling flow path out of each of the ooling circuits to a region
out si de of the bl ade. The first flow passage is not in flow comrunication
with the cooling circuits enbedded within the suction sidewall and the
second fl ow passage is not in flow conmunication with the cooling circuits
enbedded VM) tthe ressure. si dem&l . In this Waﬁ the first flow passage
feeds t he” 8ol BN TP EEE KECEBS O UIEGHPE WA e copinesitsatitied onl y

Wi thi n t hempsdassurigin Shedwan sidndll bikeths eeRnd bl pusspass agenfieeds the cool ant
fluid to the cooling circujts that are epbedded only within the suction

si dewal | . “TOTEECNOB 8¢ gﬁ“é‘ﬂﬂ %Job%ﬁw‘érCBF‘S W%@Qe%%ﬁ‘alt‘?%ﬁ?ssb@ stdgwall-nlpdRis g

i ncl udes {Hbeir@ifbiQiabsapceedsdhd@oldnflhiago BelbSidg cﬂamclhmmemt{eaé&a] onfy Met hod
enbodi ment of the present invention is also provided for acing inlets of
cool i ng clieinithespressediieakhpndihn segond ey passegsiegds tllfrﬁﬁ‘o'z&msfgé@ﬁtih%l dewal | of a
cool abl e gagin, t%ﬂ's%tﬁ‘er*ﬁ‘l%ddedxm? \Juihh?tthe@%ﬁ%ﬁ@xoﬁl sidewal I s extend

| ongi t udi naIIy in span froma root to a tip, and extend in chord between

| eadi ng and trailing edges. The sidewalls are spaced laterally apart

bet ween t er - st one
part 1 ont'A%} cadraaibif Dl Blse b EHAER oPINE ihRhRGnlIBBR ISR pBbrh BT, 0%
| east t wotofthosirfoppambadjesnt. The net hod conprises placing the inlets of the
cooling circuits enbedded within the first sidewall in flow comrunication
with only one of the flow passages and placing the inlets of the cooling
circuits @ibeddetthudtehibbdindaer cfele0presesi idesioh is alsof froxdeddonpindisainicanof Wi t h at

| east oneo t he ot he as s,in er to, mn e the difference in
si nk pre%‘?df’%g'r%’f“sf’ﬁg {da@wtﬁw ﬂsfag‘es\'ﬁﬁl""lanéﬂ‘g f%@“‘b’f’%"s“é‘ﬂ]roé agP‘gsé%IgFS to ensure
i ngest i onwetind 1o 0Thfst ankilsttiotld kidkwallshRiehd I ﬁudﬂ:ﬁallﬁhﬁsp’dﬁfmﬂﬁé foeeroqool i ng
circuits. BRI EF DESCRI PTI ON OF THE DRAW NGS 121 The pr esent invention wll
now be de%bﬂﬂ%é’&e"qa‘\}‘ oherg betvesk aging andijrailing eiges etfsgidenal %ﬂ%s%%rrpanyl ng
drawi ngs jueiaphi b&t%a{zhﬁc@dﬁ,g b RaifhdRgkd Aﬁqoﬁé@@getﬁ&%ld@r&@h oqbew of a gas
turbi ne enginé;, [0141 FIG is a diagrammati ¢ view of a'turbine blade that

i ncl udes Wlfaﬁrr'rﬁfxéﬂﬂlﬂ?l%ﬁ@\ﬁﬂhé}“dly hstealtia poigmdithretinip dgbn atilaaglehillon

mcrocirc %L egl'ﬁ%%ﬁgod {Q)nﬁ)r%@ flacmc tﬁ@ﬁ\léﬂ (5fft9é éoo mé 9;1(,511{8 E)Jn&ddxgd WihAn

enl ar ged rammatic view o eftbodi nent e mcrocircuit
the flrst sidewall in tlow communication with only one of thc flow passages and placing the

inlets of the cooling circuits embedded within the second sidewall in flow communication
with at least one of the other flow passages in order to minimize the difference in sink
pressures of the suction sidewall and the pressure sidewall to ensure ingestion of the coolant

fluid into the inlets of the respective cooling circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[012} The present invention witl now be described, by way of example. with reference to
the accompanying drawings in which:

[013] FI1G.] is a simplified cross-scctional view of a gas turbine engine;

[014] FIG. 2 is a diagrammatic view of a turbine blade that includes an airfoil showing a

plurality of the present invention microctrenits disposed in a wall of the airfoil;

EH-11037A 4



cooling schene of the present invention; [016] FIG 4 is an enl arged
diagrammatic view of an alternative enbodi nent of the mcrocircuit cooling
scheme of the present invention; [017] FIG 5 is a cross-sectional view of
the airfoil of FIG 2 taken along 5-5 of FIG 2; [018] FIG 6 is a partial

Cross-se n view of, the airfoil. bl ad i C re the
directi orﬁﬁ%ﬁ %Jﬁg AP ’Bgﬁ?ﬁeﬁa}?“{[‘ﬁg‘b@o 150 8"})8@55’5[9% Fesmicé‘&ﬁ”é”y out war d
and showi daglig scheaéot the preamdinvadtah; apertures that feed the mcrocircuits in
the wall of the airfoil; [019] FIG 7 is a partial cross-sectional view of
the airfoil blade depicted in FIG 5 where the direction of the air flow

t hrough tfogsic Fati g aﬂ%ﬁﬁ?&dia@rahﬂﬂit@hﬁe&w binanehnang cstvoninig: & od eed trip and
inlet apertures that feed the mcrocircuits in the wall of the airfoil;

[020] FI GUiCECirguihcqolpg FArme Pods PEeentt iRl ew of the cool i ng passage in
FIG 6 taken along 8- 8 of FIG 6 showing the feed trip in relation to the
inlet apertures; [021] FIG 9 is a partial cross-sectional view of the

cool i ng d&éﬁag}"@ﬂl isp a@ssGeatigRdd ryieat @ribe grfod obFIG-LGikes alghe ped efHdGfBed trip and
the inlet apertures are shown on the suction sidewall of the airfoil; [022]
FIG 10 is a partial cross-sectional view of the cooling passage in FIG 7
taken al dfig8] HG. 48 agfarthal Gossfsestonl vigw tohhefagbudl Wadeplepiaed éd BYG. Srvitee t he i nl et
apertures; [02 F i.al na h coollng
passage. e rgon ] kit hep e B R a e Rt R B e Pl M

i nlet apeﬁeédmr@&naﬁreet&bmunesahmtfm tsuneicra@iveditsde vl wallaff the didfoid rf0| | ; [024]

FIG 12 is a plot of cooling effectiveness vs. the required bl ade cool i ng
flow for the airfoil of the present invention as showmn in FIG 4 and a

conventi qpad) )FIGO’DlsQiCbaﬁial] £10kd-scaBonab IOV the alrhg! Blgdel dopicRg il EXS. 5hdrere
Ei 1-11U37A [0255] FIG 13 is a prior art conventionally cooled airfoil; and
[026] FI ¢the dizedtign gt %‘FB@@%’éE’PPEJh@F cQq! g PaTsags Adially Amrarg andshosiisfent of t he

present ﬂeEW@{ﬁtaln@Eh]&Q%ﬁ& thi) feddMthEhicARGLhi iR shet Wl offug@esrtbine mcrocircuits
in the wall the airfoil of Fig. 2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[027] Referring to FIGS. 1, a gas turbine engine 10 includes a fan 12, a
conpr ess%Zé’ﬂ’FI@. & 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;

[021] 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 the inlet apertures are shown on the suction sidewall of

the airfoil;

[022] 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;

[023] F1IG. 11 is a partial cross-sectional view of the cooling passage in FIG. 7 taken along
11-11 of FIG. 7 where the feed trip and inlet apertures are shown on the suction sidewall of

the atrfoil;
[024] FIG. 12 is a plot of cooling clfectivencss vs. the required blade cooling flow for the
airfoil of the present invention as shown in FIG. 4 and a conventionally cooled airfoil as

shown in the following FI1G. 13;
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conmbustor 16, a turbine 18 and a nozzle 20. In and aft of the conbustor 16,
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 cooled using cooling air

bl ed of f essor. 14 at a ressur r and tenperature |ower than
the cor g@ﬁg@p& 'S4 PPAT BLGIVEHEE uyr‘tﬁoﬁél g”' ‘T‘ﬁg turbirrﬁe 18 i ncl udes

alternating rows of rotary buckets or blades 27 and static vanes or nozzl es

29. The u of {]he systemof FIG 1 .is for |Ilgstrat|ve pur poses only and
is not a ﬂl tHd b%“‘dfc“lsﬁéc“'ﬂ'é‘t]éiﬁtw $1a0 dlETPHiYe RmPelMrRL sk PEISBI oyed on gas

turbi nes ysadioh MovahLGt idlQabeRRVERaTeRIGRShicRstidine ialtecwal &f.cnd 4481 oRef erring
to FIG 2, a diagranmatic view of the turbine blade 27 having an airfoil 26

t hat |ncllflae% a plurality of the present invention mcrocircuits (cooling
circuits) 22 disposed in a wall 24 of the airfoil 26 is shown. The bl ade 27
is cast with an internal cavity (cavity) 32 located within the airfoil 26.

The ai rfobt gﬁ ﬁqqdr\aéiahjlﬁlﬁbﬁﬁl?gf” tree 31 and having a
a 0

pressure SI suction sidewal The sidewal ls 28, 30 are
j oi ned to[QéT}heRemeng a»dflﬁﬁl L acgaposbm@cdgera:dIOngplmatfmm hngmg@gaesl‘sza 36.

respect I Velr%&(%t% é?)fﬁrgi@)glh 1[111:95{’1 or ! 41618 aft OE' Ic%‘r'nﬁ%s‘{» M slrcgot OI% {swner €

the airfoil an |n encl 6ses 't he
airfoil 2&posEdeo casrb g.ﬁmd: ceodod Heyalséomyuh&mfhlmmpﬂﬂ&HMf tbenaire gor mhé e. g.

serpentine coo ant fluid fl cre through

such as tﬂg‘dLE’g TTicHG™ 4 Ismgﬂ/ﬁ%('é Sﬂ% Spe ‘“éhe mf&ﬂet {? 8?“"?1“% aéﬁ Eﬁgé'a ""From t he

conpr essodoolifg 4iFbied off theafoniphe scﬁngmnepﬂsaaura(rl?glﬁr add temperatues Ribkeythab the ai rf oi |

26 has a Iurallt rna sages 32a-e._. The passages
32a-e aré "I‘”%%Pdlpf’f%lgﬁ TOP&‘ ‘E‘Fé‘ﬁhlgggg %g @éﬂ‘ﬁ %ﬁé‘g % &TBVHEFHY at | east

a  porti ofhicREts bielade Ol bbstSUSIaBEN orhbzg@anobana ieasd tﬁer@hewlrszl k& passages

32a-e has a unique cross section, although the cross sectlon of such

cool i ng pHYEHGE PHRGChaNk anthip neha pettayqnab the ingpnt pyeatigeshigomaybsmy he

i nterconngeligfba - eal tukbinek u%&ﬁf%fo‘ele&tggﬁ-pgngeren&}h'ﬂi(ploﬁlg%lr@faftg' ving a detailed
exanpl e, the present I nvention mcrocircuit 22 wl be described herein as

bei ng di sposed within the wall 24 exposed to core gas flow, G on one side

and cool i Sﬁllief?ﬂnét?)glgt Elelrdu'?%rﬁrﬁmq(?y%glw% th'e@urtjlmg bﬁl'dg fZ?'h!m% wa&'i‘ 6t ur bi ne

bl ade 27 e m crocircult trans
ther mal etheriggiudes arpluriey waihe p@Aﬁltt mwphntem rcIQ@ICIrfngt‘ié.crcroh(l&cllrc)unsmileilmossie nt

Lg\r/]egtel 82631]\9 Ir_llloftcl'gj"(ﬁ% étlr 1%26 VnerTl e (J(%%ts? lsa%a r¥ %{e%"aﬁ balwr?t (ca\flta)udg’srreﬁ?gr
located within the airfoil 26. Tha, alrfm[ 27 is disposed radlal]y above a fir tree 31 and having
a pressure sidewall 28 and 4 suction sidewall 30. The sidewalls 28, 30 are joined together at
axially opposite leading and trailing cdges 34, 36. respectively, and extend longitudinally or
radially from a root 38 where the atrfoil 26 meets an intcgral platform 40 to a tip 42 that
encloses the airfoil 26. The intermal cavity 32 muy be of any conventional form (e.g.
serpenting, radial cooling system) with coolunt fluid flowing therethrough such as the cooling
air typically being a portion of the air bled from the compressor 14 (FIG. 1) of the engine 10
(FIG. ). Preferably. the airfoil 26 has a plurality of internal passages (flow passages) 32a-¢.
The passages 32a-¢ are longitudinally disposed with adjucent passages to define at least a
portion of the cooling system. [t can be noted that each of the passages 32a-¢ has a unique
cross section, although the cross section of such cooling passages may have any shape. Also,

the passages 32a-e may be interconnected.
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| iners, nozzles, platforns, blade seals, vanes, rotor blades, etc.) exposed
to a high tenperature environnment that requires cooling. [0301 Referring
now to FIGS. 2 and 3, the microcircuit 22 will be furthered detailed. FIG 3
is an enlarged view of one of the present invention mcrocircuit cooling

schene. rocircuits offer tailorable , high convective efficiency

cool i ng. [%%ng%\rle TRO%T %fl‘lgmg%ﬁ\ﬁlgt@’tl?c(/eém%]fﬂfe F 3%8‘337'? ”H’%%%Tﬂﬁ%‘f%"ej&‘f@eness i's
requi r ed Heaksaibedbrainaeteis®okpaigd wabnfihguiiatd oposddiéeor gid MG tT, ahesge t he
mcrocircujt 22 qf the present jnvention that are enbedded.in the wall 24
of the ai¥ dﬁ"% SR ERTOPALS HETISE ) b8 R lo b BIEET ARdes” SiBed wi ¢ hin
a part. | FeG . ahéfig ey, enddariaabhits 2NRnit ChaGial ik dySiréh enehvanimedo afe
refractory netals forns and encapsul ated in the part nold prior to casting.

Several rEPHEEADA))- nErerEseny RYantign R eIy Emamer More aptdinrsA BN W have

nel ting pkdat gnd Hatbe 85 ih BEX &8 @f cohdRikalndc@tibhiter TRIPSIAtMIES of
ni ckel - based superal |l oys. These refractoré metal s can be produced in
§

wr ought tlkiers. Boralss. phatforms. padp seads, yanss.rielorbladnsyete-bexpaiasl te o b ahrigmpdvativse| s

character+§%5ﬁn&ﬁ1ﬁhgaﬂﬁ%95&q]in turbine and conbustor cooling designs.
Speci fically, such M Croci rodits may be fabricated into parts including,

but not limted to, conbustor liners, turbine vanes, turbine bl ades,

t ur bi ne ugs,..vane e I d airfoil. _ Prefe |. h parts
are for nz(gf&@n(i%gerr?ﬁ%?ow {rgl)%gl %a%df?’ﬁiqec S1°°badk \gﬁllsbdeyfsﬁmgerm([:o?aéﬁ' gg%!g'd
al | oys. Thhmenlfretd detd of ynenditid predracihseraing nfieobdisuposdegscleneugh ductility to

al l ow bendi ng.and form.ng,jnt.o conplex_shapes. ,The ductility yields a
robust d F&%“Eﬁﬁéﬁ@émgﬁgkhr@#@Fﬂagg“ﬁéﬁiﬁa?%H%WPﬂnéﬂ“%y%Fﬁvéﬁuter casting,
t he refr aghodcyvaEtialnsangh ginh enmestBencss 4GEuasd fdinauginehidsoliad renoval ,

t her mal Iee%hing, %ﬁ oxj dation nethods,. %gaving behind a cavity formng the
mi croci r cntiewation Fld illgstptes the micogysuip e pihe Prefrat PSRN EES gn of the
present idRBdddan HFByatid4sT theairfR D! RedstieGits ol B nlabMRST sFeereRst | ng

techni ques Wth ceram c cores. g0311 The cooling mcrocircuit 22 enbodi nents

can occupyoldeduithin @it abie BpEHCdSMBIEREN e MOy HHHP EorMsE REEITafeni s nore
comon, NOWeN &lms R4 c%s%fa@egi' i@ﬁf&eylﬁlmgﬁfosaﬁﬁmsem & ¥akly ﬁ#ﬁ&%@%ﬁﬁa@ea I ess

than 0-06 square inches, an surface o preferred erfbodi ment s
t ypi cal | yingedinp polybierum Sw)fand duagsess (B deer melon®p@Btsslpyarcen exnebred. |1 n t he

.exe”p' ary, f'f%?éi’#ng?e% rat(lprg‘ 5#“1&%&3-?5%61 51} raﬂ{}yst. H‘%c -r%{rg)cg&r Tl%itatls Lza%]’bcas measur ed

into the Wart, “is préFera Ty 0 appro%?na el y abol TeIb N heReS to

appr oxi nggredugedimoutought @b shercdrdermaindizostessary to make cooling channels
characteristic of those found in turbine and combustor cooling designs. Specificatly, such
microcircuits may be fabricated into parts including, but not limited to, combustor liners,
turbine vunes, turbine blades, turbine shrouds, vane endwalls, and airfoil edges. Preferably,
such parts are formed in part or in whole of nicket 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). 1t 1s noted that the cooling design of the present invention may also be

manufactured using investment casting techniques with ceramic cores.

[031] The cooling microctrcuit 22 embodiments can occupy a wall surface area as great as
0.1 square inches. It 15 more common. however. for & nmicrocireuil 22 10 occupy a wall
surface arca less than 0.06 square inches, and the wall surfiace of preferred embodiments
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preferably about |ess than 0.017 inches. [032] The m crocircuit 22 includes
a forward end 44, an aft end 45, a first side 46, a second side 48. and a
nunber of rows 50, 52, 54, 56 of posts or pedestals 60, 62, 64, 66, 68,
respectively, that extend between a first wall portion (inner surface) 65

(FIG and seco rtion r |G 5) of either
of the S|tﬁgtd[ﬁlo°tu%§ w%%réfﬁ&m § IPBER iéjsestq”‘“fé xst eﬂd% %ﬁw se between its
forward emthoddnandheahickensl (48, thamitrdcangt Iovas eu,aqmredumottﬂreewlr adhraxerabiyr ect i on,
between its first side 4 d second si.de 48 ture 61 extends
t hr ough tq{élp?mﬁ@atq?gé%[wb@})ﬁ] Brhes 80 é‘ﬁ’é"’i”é““ﬁ‘ds’f‘)?‘i“gjrf@g b§<|“ 8% o the aft end
45 of th%rcmaﬁry%blﬁtqgubtthaabﬂlq ﬂiHh@é/I de a cooling airflow path fromthe cavity
32 of the airfoil 26 into the mcrocircuit 22. An exit aperture 63 extends

through the second wall portion 67 proximate to the forward end 44

provi di nga2\copk Innaoalrauhlz%a@aeg a6Qmd g 47 Hmnaqgl 1 ﬁzzs,m@dk&%neor e gas
path, G outside the wal . The mcrocircuit ﬁg pically oriented

forward tsdeat d“da’—i Bepes Pfr@a/ﬁﬁﬂr@s S%ﬁﬁwﬁéo%wfwe@%@l‘f @Qa 68, 6@PBhough
ori entati o nmy| Y #ayelihdtibbech Q?nrst%ﬂ ga'oﬁ[%‘h Herasturfh&'?gs (16 58 %&@ﬁﬁhar y

enbodi ment.” theré are two race track Inlet apertures t extend
| engt hwi sezli portidre(ekigdordurfdie) 6 (Flon 3) ¢fr¢1tt1¢re)f SxeirshallyZ&abodhamrrrocitchie  exi t

aperture g’sexlwn{iﬂw%ﬁﬁgmg‘g(&\%%,{‘Sqro “ﬁnﬁ?énlé"h at%d LA eﬁ%% a%‘ﬁ]‘eﬁgthgz‘lsrﬁe%g{é%% The

exenpl ary apertures I'nches
while t haaulertgtebglo¢but~pcmﬂts mmanmaanda@mnﬁ sitle88.68n irsetapattre 61 dAéndsnches.
[033] The,exenpl ary m.crocirgcu own _i.n oM LT now be further
descri bed™ gﬁ&eﬁggﬁ’gﬂ@ﬂm{[@% ébgd?(’is'ﬁlﬁnediég?@wa?ﬁ%mte RE eﬂgﬁ%f’f)‘\lﬁ/g achi eved.

[ 034] Themicewirdflt 8% ppedasi ﬁloﬁn@@irﬂi(ﬁﬁ pRal fromhakd aivity 3k byhasirRhi@sgabert ri ght
rectangul ar cylinders. The {J)edestal 60 have a Iengt h L1 %rreasur ed parall el
to the roWCSHTHbtutADIaWPeInOfesends hogehthgsaropdwal praign SLPHSHIECIN ar to

the row) @ f&a%fen@ct@gﬂwid@w&ohagﬁstﬂ&hpratﬂromqﬁe mihQucuiP29B% ihaehes and a

separation, 51, of about 0.020 inches itch is defined as the
on- cent er ¥ aahaf: @adi they “Bl e Ehe WéOCﬂréwbé%ts tyracahe geisttad S afta row. The

spaci ng 'ﬁongds%ﬁrﬂ s%?thyagrelg‘ﬁglgh\b @falt‘hgfgllmrlteﬁ[quorf)mamzﬁy% IﬂQhé engt h of the

di anet er, e pedest al rat1 o of the pedestal dinension along the
row. L. t@ptlmoqmmlmhd mthepxemhearmwb@:blﬂlﬁme@ma drqommemtages}@mefém al ong the

particul A el Bpﬁistelpé n l r%hﬁsgqebx tlﬁe I‘gdlglr_(fj %rﬁ al %h exelﬁélglér ﬁnqjoh(?nenp%ﬁeel naf t er

as the restriction of f'ac I mensi ons above,
t he exit aperiure 63 is a slot extcndmg lengthwise in the radlal dlremon. The exemplary length,

Lin, of the inlet apertures 61 is about 0.025 inches while the length, Lout, of the exit

aperturcs 63 is about 0.100 inches.

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

respect 10 the cooling design and the benefits uchieved.

[034] The row 50 has pedestals 60 formed substantially as elongated right rectangular
cylinders. The pedestals 60 have a length L] (measured paralle] to the row) of about 0.044)
inches, a width W1 (measured perpendicular to the row) of about 0.020 inches, a pitch, P1, of
about 0.06{ inches and a separation, S1, of ubout 0.020 inches. The pitch is defined as the
on-center radial spucing between the respeclive pedestals within a row. The spacing is
defined as the length of the pitch, P. minus the length of the diameter, D of the pedestal. The
ratio of the pedestal dimension along the row. L. to the pitch. P, for the row defines a
percentage of area along the particular row that is blocked by the pedestals. or referred to
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restriction or blockage factor is 67% [035] The next row 52 has pedestals
62 al so fornmed substantially as elongated right rectangular cylinders. The
pedestals of this row have |l ength, L2. of about 0.025 inches, a wdth W of
about 0.015 inches a pi tch P2 of about 0.0615 inches and separ ation, S2,
of about 0.0 exe r are both
subst ant | X T EE ' ‘“ h res 'ichl Oi_b H'E{P lyof g‘?'i“ i ﬁ’ﬁ"e"h'SU\?e‘{r}SV theg
substanti&isdnyu(hhﬁbmmgeasmaihémd the stagger al so conpletely out of phase
so that the pedestals 62 are generally behind associated gap 70. A row
pitch, R 1, of about 0.0375 inches is between rows 50, 52. For the

i denti fi e350i TRRASkODBS 20AY Pedetihie 62 aBb Mrflkl OWbsAntidlyas kRG et BGERT i s 42%
[ 0361 The next row. 54 has pedesFaI s .64 %ﬁ){o for med subst ant | ally

el ongat ed'eFipsYar oy inderin flie pdesiplsiof fus ©ww bae leggiekt- é’lfé‘b%‘&{)ﬁé@wci‘f@nﬁt h, L3, of

about 0. 0gRim RehEsbod oW1 8iMRhe VB picctO P2 AFQABEu O @151dcﬁ‘§%nﬁ§scpﬂraﬂbﬁ®2 ofP3, of
about 0.0615 inches, and a spacing, S3, of about 0.018 inches. in t he

exenpl ar yahoupdaanghes t dbeeremelasyiergbadiment) I3 aph W 2gumboth subswrtidlpondi ng
di mensi 0”§m9{er e LT Mk A tﬂ@?ﬁ'f\hﬁ‘g%w L 1§Q%Pﬂaﬁia?l§¥heodﬂhle9£ PPH %350 t hat

each pedestal 64 1s 1 medi a ehind a gap 7 row pit , of about
0.033 inchwebdstvmrpkttﬂe Orlosn?pﬁzscan@hat thh@cqmwlsa& atmg:ﬂeaheadnmtdﬂsmdwed?l. For
the identfigd AN AN r e t is 42%
10371 Thebttelt AW gh S of B o3 Th el f s, o1 A PG R

circul ar diglensideraboad, ihedesanim'toeior bibdkagt flyoist 420 0200 i nches pitch, P4, of
about 0.[}38 inches and a spacing, S4, of about 0.018 inches. In the

exenpl ary enbodinent, D4 is smaller than the rectangul ar pedestal | engths.
Addi ti ona[ﬂlsm THeemeRi to6I54Rs bé‘destmabharso'&‘chﬁiadpiiiﬂsﬁilﬂ&zﬂlyﬁifs efongated hight rows and

separation S4 is sma|ler_than t arat th ws ot her t the row
50. A rowepRRgHar cy er%fThﬁiﬁ’B‘EFt“ag flﬁ"& i‘iﬁﬁhs&oé‘? Qﬁ’éhg{)%'“ﬂﬁﬁ/ %’ﬁ'dghﬁ ‘he row
56 t her eap@ddui (5015lihdiRs, B pheRTS, f2abouthtalio 16 heehbdand 4 {fae6lg H3rensoensoapove, the
restriction or blockage factor is 53% [0381 The next row 58 has two

pedest al singise Htthe REMBYY smbdigictty Hiesraire sibgntillythg SUEHS CPHESPHVERE of t he
pedestal guehb{ak tﬁchew%»'tﬁergﬁeﬁba%&pie&i%m orfgfi;is@ko Bt SER bQRstatlduus- the

pedestals 68 are, elongated in shape in the radial direction and are
al i gned winthedidiely bghind apar turewwelicask 2. of et D R3FiInchesPetvie tsadesEand 68 are

separ at edyyol, 5y GRRyABILDRC 1 B, AENL AL AL LANSIILD. WS cyfitid @perture 63

in the forward e e mcrocircult engt of  The gap 78
in Et!-1blbg3gAf@tor is 42%.

{037} The next row 56 has pedestals 66 formed substantially as right circular cytinders of
diameter, D4 of about 1.0200 inches, pitch, P4, of about 0.038 inches and a spacing, $4, of
about 3.018 inches. In the exemplary embodiment, D4 is smailler than the rectangular
pedestai lengihs, Additionally, the pitch P4 is smaller than pitches of the other rows and
separation S84 1s 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%.

[038] 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 1n shape in the radial direction and are aligned with the exit apertures 63 as
shown in FIG. 3. The pedestals 68 are separated by a gap 78 that is centrally aiigned with the
exit aperture 03 in the forward end 44 of the microcireutt 22, The length, Lg. of the gap 78 in
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the radial direction is preferably no greater than about 0.015 inches. The
pedestal s 68 have generally a protrusion or apex 76 extending outward
towards the exit aperture 63 to which it 1is aligned. In the exenplary
enbodi ment, the length, L5, of the pedestals 68 along the radial direction
i s about )49 es . the r ‘ 56.and 58 have been
described&%'%@%dg%%%ﬁgu%%ﬁ%LB£%Z$$¥g[‘géﬁ¥%&§ﬁSﬁé%F%zﬂﬁ#%&ggwﬁ%a??e22 of
FIG 3 wi ¢dnembwa peotuieisc pi dyed 76 Odd]ingithiewhidrisyardotve 5ot oferpedSsb alhsch60 ar e

d apart f t her i t t trols. | I l oci t d
chcour ages 1aiedr 1) Mhragunet ehobiEnb e kel SR g uh fgRipe e 1 A0

m croci r cdifektiad?is aliit ©.000 speessi on results in the fornmati on of wakes and
i ncreased heat pick up within the cooling circuit 22. The pedestals 60 are
of fset or staggered fromthe pedestals 62 of row 52. Likew se, the

pedest al s[084] ofhuk QW RAsEVE5061,SBtanll 59 MR PEAEFEAla80R2na ok QM Befits The
respective offsets are enough such that there is substantially no

st r ai ght - shiaedbysds gucrogipmny ud R Fitd InviHmewitedgsaibed. As the air passes
t hrough the pedestals 62 and 64, the wakes are reduced for a nore uniform
flow distribution. This result is achieved due to the relatively |ow
restrictil®d0F abhedirsiapw SHef pasiggials 80 agspacsApparelion ong fetiepivsa Boearilase. Thus,

the rows SfuotsdkaPelidfyha BlddhAbaGablPlistdo B Bo it B SNEE uBRGnREOVI de 2

progressive transition’in tur ce wt e coofing Circuit 22.
As the aimicparsseis 22.hflosidikparfien menlts in 0wy f&Batibh ef waies andsinpret sed beht phkisip

i ncreasi ng..t.he vel pcit. , L N tur, t transfer. |t 15 not t hat
the row gﬁh' ghse aQ° d? %%Egﬁag.e’gber?cg Sltzri(;lﬁﬁ'ﬁ grgtogt%&toﬁgﬁg%cﬁeedet%()&\/lsheﬁfﬁmg%, 6. Thus,
ai r fl ow oftbe SEhé.ikemier e pedesthls 622f tav 84 &t offbuifech the pdiesthls@Roéssi Y2 pressure
drop and i,n a manner._to maximze  heat transfer. [041] The pedestals 68

o ve ThetRae eeSeBy biie PEher bbRe Sk 89 iy SnP Pt oo

through tieugRWe Bidsochdiit 224 .AsNhdiifpaadsitug the pelevak &2 bd ballienwskeauRi ds hot
flow recirculation within the mcrocircuit 22 and facilitates heat pick-up.

As the aifedyaeBipriamorg PRl arishRytthe euest Areegd dpg e ANy M y
di stri but gd L{fTadiie e rbw§92r5f41&6ﬁmﬁar§§ to thd RAvsUDn@%k6S IrRlsS ke Qbwd e exi t
apertures 63 is now appreciated. As the air exits the slots. a uniformfilm

bl anket o¥4 fehw taalipingzp taEjng waky turhyenaedned Peyyideiafresasssiye tAesid8sur e and
suction  gldemalbliSn SyindPeme C&d duif B5PEGhE Yi#h¥sses diroBGTHRE Ve rowd BYShe t NE
pedestal s 68§pr évg?]t f]‘ ow St r]gglglgnud or di scr'etjessc.sjtertosgﬂ;ng thrr%\ﬂgh’ t?’ue exit
aper t ur e #8is iStiyrehkiungcicssimothe advent mdeodsmate hedgansderr #gpoered gytbai r j et's
upon exi t 005 0% QUAN & NS REhE rARFILIGE Bs ¥4 sl HOtTRE QY FIS. 1 fher m
microcircuit 22 is distributed without excessive pressure drop and in a manner to maximize

heat transfer.

[041] The pedestals 68 minimize the wakes created by the turbulence of the air as it passes
through the rows 5(}, 52, 54. Minimization of the wake wrbulence 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 umiformly distributed through the exit apertures 63.
The use of slots for the exit aperturcs 63 is now appreciated. As the air exits the slots. a
uniform film bianket of the wall 24 (FIG. 2}, and more specificatly the pressure and suction
sidewalls 28, 30, (FIG. 2) respectively, is achieved. Thus, the pedestals 68 prevent tlow
streaking or discrete jets and through the exit aperture 63. Streaking 1s not advantageous as
the corresponding aiv jets upon exiting through the exit aperture 63 will not provide uniform

coverage of the mictal resulting in possible hot spols of the wall 24, 1t is preferred for
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coverage of the nmetal resulting in possible hot spots of the wall 24. It is
preferred for EH1 1037A 1 it enhanced structural integrity of the airfoil
26 (FIG 2) that the mcrocircuits 22 are disposed wthin the wall 24 such
that the exit apertures 63, or slots, are not collinear. [042]

Advant age th ositioning . of .t ne tals 68, .as.described gbove,
permts v%lr@l%gg%u (?Llr%)ltlgtf3 FhY O%:%%t‘"r Oqll%i?(Fﬁﬁ%?gqa?lhgén RSt gff’ ﬁr‘@sﬁﬁﬁ“gt he exit
apert ur e Bithin MerealisBieeeli ihaethe yxit apieheres 68 lar Rigtsaire nbd @methr ough t he gap 78
and around the pedestals 68 close to the first and second sides 46, 48.
Thus, as the flowis netered through row 56, part of the flow w Il pass
through tog2jgandvéBayddiukle, thdposkimBignd @e fRilcstides s dastdiledPBS®, pirRiB derty he
pedestals 68. Also, in this way and as shown by the streamines 0, 1, 1',
of FIG . godmegerimgcortiobad thapBagH crnethestsk tegui ppqiivee &3 Mere Rty

di stri but@dcoolitg afr @RSt HaRTEP R Md ARANAHRDe&RuRS6 Do RS fllaha t he
streamines | fromcrossing over to interfere wwth the streanmines 1' and

vi sa ver s&conpHides 46143e Thrs. @nthgiflogns srteraddhioagtewmatts pEgobilie APy Will gass

st rai ght egidagh W{ei]g'agw ORHE A9 RO R BE fie TRLET bRY aro%@g%%edy& ]Emsst. hasd gsul t

bei ng an 1 nprove ilmcooling and effectiveness. Referring now to

FIG 4, ahisatayempdas éwemﬁmqlhermmmbms_tohé, lrﬁerFrbﬁ-i $.clg air ﬂqwitlyow’mhmxit Li ke
refer enceap[\%ﬂgi%%%ﬁs %M@ﬁqisﬁﬁ%éoﬁﬁe'cgmé %eé’lﬁ‘ﬁﬁe%@;éeﬁaret%gggg% AALGRE G | T ke

el enent s. m crocir hi's alternati I ment "has two exit
aper t ur esste3méng it fone erossigatver petetfarcedthlie sithalisoseliphdiviya erixodiosnt

mcrocircyit .22, .sh in 4. w |l now be . further described wth respect
Fo the colt Prgasishied e sxfesltidinh mox Eilef v Wi owERE S mfo Mt or nac e
enbodi mendanttbheitiethaiult beigg af ag@otdddni cobinfpenhdiefib@ivempaer t ures 61 t hat

extend lengthwise in the radial direction and two exit apertures 63,
preferably slots, also extending |lengthwise in the radial direction. The

exenpl ar yousndtdierribk Row &f FIN 8, dni@ina@RaitolinRst offifle inferaddRuik 20isQBSwh.nches
while the length, Lout, of the exit apertures 63 is about 0.100 inches.

[ 044] Thelikf egerdeaymben andasignaijns gipthe garioug dragdngsrindierte ket lemaits pist s 90,

9194 and @@rocikfi® PEATth¥&ldaReWnBAdiRs: REUeSLal sellkel 85 MRALRERat@ntial Iy as
rounded triangular-1ike shaped cylinders in that there is a first side 100

that is fipgttienél Hwdxgepkernsntipdpespevdpdigbid 22 sbovhin FIG dwvillinoedrei on and
then a ge i si,de. 102 : - ave a nmgjor
axis | engﬁaﬁBQLdfgcr%? &lgfgggﬁss‘gcyg%tgé ?(%)é ég;gsugf %}dtta:- &n%?ﬁg?a%@egb%&hgo. 058 i nches
and a spaeienmglary slfernacd enslipdinben@. (A8 aieniohemice Thdk shawd3deapevucagedal at er al
di spersi on . of thﬁmgoo.li int.o the 22, For the

n ir. fl.ow ) m.grocireui
ot 11 o hRuERe i BoLorctt 8 d b PP 65 B oo
extending Jengthwise in the radial direction. The exemplary length, Lin, of the inlet upertures

61 is about 0.025 inches while the iength. Lout. of the exit apertures 63 is about 0. 100 inches.

[044] 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 13 tlattened and generally perpendicular to the
flow direction and then a generally rounded coverging side 102, The pedestals 9 have a
major axis iength. LI, 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 identilied dimensions above, the restriction or

hlockage factor is 52%.
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bl ockage factor is 52% % [045] The next two rows 82 and 84 have pedestal s
92, 94, respectively, that are forned substantially as rounded ri ght
rectangul ar cylinders. Pedestals 92 have a dianeter, D2, of about 0.020
inches, a spacing, S2. of about 0. 0148 inches and a pitch, P2, of about

0. 035 Eﬁs hg%’“g‘g?f nh SQ%d\%ﬁhbﬁi‘,o@f ‘)%brgr?efme B%Fargrl Gl I on or

bl ockage actor estal S ave a Foml%out 0. 020
i nches, aubypagicthgas rSBudedMgab@uang@llc@tﬂl&dcrsné’h@stalsmdmae piitduﬂateP?.n of about

0,035 | nchigs o Rinhle A2l § 8 L IERS NS A0RYS e dieRLuighLon o

bl ockage gct o are gene or “st aggered
rel ati ve ihdheeaBdr tid identifeddirsesives ilﬁwemhferresthhteana]rlbldc.km fpassis A%t her ebet ween.

The flow j ed.b ro 2 .and o0 increase the flow city, |ocal
Reynol ds ﬂﬁa%ﬂ%lgﬁfﬁ V\g%ﬁc?fﬁ Ut ﬁ@%ﬁt’ RErSHeE P Eatr's P fr'boﬁb%‘sllf“%m ent. Thus,
t he concaniteatan@n pRéh PEdesioat 6. o%mmt@s ub;t tﬁc idan@iddl dneksidne abdveCthé on fact or
than the pedestals 90 in the row The |ast row 86 has two pedestals

96 wher e T6HEFHIPH Blockaee dastards 21 % gﬁ%*‘v\hs )Fn Wriee gmerally offstor faggsesdt i ve exit

aper t ur eSefagye thREHAARIhRLSvOIS haMehSait @Mgés@ﬁlg RRketR¥le2n IPhd A& s extends in
the radial direction. Thus, the pedestals 96 are el ong?ted in shape in the

radial ?t@féﬁbbrpwslﬁé@ﬁdﬁéﬁe%’&r@ torsflops selgeityetoad! [Reyeolgsy Jumbeyiaséh or apex 97
ext endi ngcowzﬁaﬁalq%h@g}g@rh% nfahﬁd(%%ﬁﬁ%{ V‘ﬁm@‘ghé c&eﬁﬁﬁauaﬁmﬁﬁed@#ﬁ&m of the

pedestals 96 1s g centrally ali the respective exit
apert ur e 18gtits fma hlbberemrqblbaf%bt@mlbmdhmmd@%tdlt‘P(élnltbﬁngwt&wl nal length, L3, of
the pedestals 94 is about 0.100 inches. [047] Thus, the rows 80, 82, 84 and
86 have been described above and now the benefits achieved by the

m cr oci r J0d6¢] Ahe ddst @6 b(hsm;rb bed&smhbé vdhe&c:mlhmdestz[i(%&] ah‘@nead ith ste sfow 80 of

edestal s, 90 are ace a descri bed
lﬁer ei nabo‘b‘émf%rgfpeﬁ‘g‘fﬁef( Iaggr Fea 4% 331}’ &?Ezgrﬁ 31‘3:85?‘5 é'?l f“gf e?i'f‘t di spersi on
of cool |emg:nas i’n thd ﬁ\ﬂlan@rdchbloug’mslthepéﬂe@ml@Gﬁ aWldngaidd irhaps inttheeragi@dest al s 90
m ni rrizedi/]va r bul ence. Lhe cooling air f|OWIg9 ng ont o the side 100
and is f @Eﬁonar %Beqef’f@[s TP agegRdY §GTHYSIPhE WY IBEPEBTdr educi ng t he
wake for ngadnetheay, s?béiivBGth[Bcrt%M’jS EQ@lhbﬂﬂeg BeaRodasicabsliPenuhf9] The
0

pedestal s 92, 94 the next two rows 82 4 are staggered with relation to
each ot HEENShitihe Fespecsive B4t ARSTISE p daide eagmaplyp prvpdimsat. therlengitudifnlgo.  Thus,

there is ]§1Vé?l$.t13'?51' t@nl:- bé’deﬂﬁ’ls 94 is about 0.100 inches.

10471 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.

[048] 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 microcireuit 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 9().

[049] 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 8(), Thus, there s substantially no
straight line passage through the microcitcuit 22, As the coeling air passes through their

rows. the wakes are reduced for a4 more uniform flow distribution.

EH-11037A P9



straight |ine passage through the mcrocircuit 22. As the cooling air passes
through their rows. the wakes are reduced for a nore uniformflow
distribution. [0501 Advantageously, the positioning of the pedestals 96, as
descri bed above, permts very good netering control of the cooling air as
it exits through the respective exit aperture 63. Mre specifically, as the
cooling air passes through rows 82 and 84, the air inpinges onto the

pedest al 0@ a¥itaitsgegislpchepbséticomgd! theepe presthésitabsdasoites abovehpaughvarhe
correspondi i [F L o Al sa, in.thi and as., shown t he
stream i ngceioé} Hg{&%i‘ftg Ciﬁl,%?f’ t}ée%ﬁgﬁl"éﬁr‘%gﬁx itsn[g%uéﬁ bh\gggﬁpagévcf %'rt §Iﬁerrltl'Jf‘c“oéra‘r>r'/n f1ow

di st ri butMor sperificaly.cus g doobBngeaii pasapekibughero63 82 Tinhi4, s diompayges ¢he the

stream i ne do, not. cro with the streamines 1' and visg versa. The nmain
Streant i e iglis SR Fb bR RN ERT RN P BT e RS [

gener al | yapating 68 d Aol f thib&a¢ and & shofn bhehe saanmii@epand) NotheXiatn dRehiisy € 63.
However, |in the alternatcd'?ve .enbodi nment , tpe pedestals 96 are aligned with
the exit AeY{eyier wytarmdiow Heirbyinn qyhjhsiueh (regriteRaire fig Fhat isitg saypfhey peo

pedest al s;u@fmtifkq RHBOSBEL With thhSu@Xilhe AP RN Vis8 v&3a. B MR Breahdli@e, 3, r €am i nes,
as they circunvent the pedestals, are free to exit through the exit

aper t ur e 188 thatgfide firyi gmbpdigsptahpyh IDFIG Ros payedly alignedgpitpde pnteriof g

strai ght enjRghoikink ExiEltRlS. ARGLAL £ (RElIRNAe CAM iRk WhE BedeBGIsBSH t bei ng
an inproved filmcooling and effectiveness. [0511 Thus. the air flowis

di rect ed adigbemith e epiéaresiueg &3 eh that thy gaignif ofrthe lpngths LA A theergdestals Dugh t he
exit aper, : I Lt . j S now

appr eci at‘Ier'yE)'\:-13%,56@3t £ ﬁ%@gft;éﬁ%}ﬁ% g§'tﬁ§e§lscf”g'§ %%tggmﬁﬁésf ?)S?[ﬁﬁ"%l {ﬁ]ﬁﬁfrgn éet of the wall
24 (FI G mYestandreforedo spettidugh alid axit apdrerpbs sEus ghandergainniodb hepedistadd | s 28.
30, (FIG r ectively. is.achieved. Thus, the estals 9 revent flow
st r eaki ng%g‘grenaﬁzlg\rves %lgﬁtg lggz\f%'blgfg ﬁsrugﬂ%%ccfl ﬁlgg‘ %?(l??n%cﬁjgg? ﬁ\?”zhst%géésu'§g§)'}l%aki ng is
not advantraggewsd &in tédingand ef@aneteng air jets upon exiting through the exit
aperture 63 will not provide uniformcoverage of the netal resulting in

possi bl e hot spots of the wall 24. It is preferred for enhanced structural

i ntegrityosf) tivasahd fiofldw 28difebleGarcd)d B pbddk AR 96/ &\ ARTohENdisSREedar e di sposed
within the wall 24 such that the exit apertures 63, or slots, are not

col | i neartropglthy syt apesiueeseg. dhe yset slps tPOthREHE FResiires R IspoRePPECREded by t he

t urbul encgs Bf airbhigs @ §lo@Sa dilifPRATIRDIRECQHER FdMe 4 @Y. BOndSdore §fcifically
M nimzation of the wakes avoids flow recirculation wthin the mcrocircuit

22 and f abF picsireandisagiiongsiderallips. FO.AEKI 2Reseackively, inashieved FTims. B addi t i onal
features lggdcgtﬂ?9§})xg5é?1?hB&%lrE:ﬁm?gzor(dE;kr%Jeé untfl?hrﬁgfghtlltkeexit apertures 63.

Streaking is not advantageous as the corresponding air jets upon exiting through the exit
aperture 63 will not provide uniform coverage of the metal resulting in possible hot spots of
the wall 24. Tt is preferred for enhanced structurat integrity of the airfoil 26 (FIG. 2) that the
microcircuits 22 are disposed within the walt 24 such that the exit apertures 63, or slots, are
not coltlinear. The pedestals 90 also serve to minimize the wakes created by the turbulence of
the air as 1t passes through the rows 80, 82, 84. Minimizution of the wakes avoids tlow

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

[052] Reterring now to FIG. 3. additional features of the microcircuits 22 (FIGS. 3, 4) of the
blade 27 wilt now be detailed. FIG. 5 shows a cross-sectional view of the blade 27 of FI1G. 2
with muluiple passages 32a-e. The passages 32a-c are separated by longitudinally extending
partition walls or ribs 116 with each passage having first and second ends 118, 120 along the
pressure and suction sidewalls. The blade 27 rotates about un axis of rotation Y8, Passage
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bl ade 27 will now be detailed. FIG 5 shows a cross-sectional view of the
blade 27 of FIG 2 wth nultiple passages 32a-e. The passages 32a-c are
separated by longitudinally extending partition walls or ribs 116 with each
passage having first and second ends | 18. i 20 along the pressure and

Sucti on 51'?%% g%e%metr-l;h:%mm A A LSRR r LRLrA]sE o %E 1"2@t;ﬁéE§e n 98.

Passage EE.} 3 32a has a geonetric center whi ch a
centerli nbroegh Bihb thanbenteslinexi2d is llezmndbabselmormlhlrtomig:hlx"s»utfhotatkwn%cent erline 124

s per perkim ngpas(s) G%E)% f% ﬁ. c%xgeﬁ %hrol??%a\&hlaln (,9L.I‘] crlm% cl]g}'ﬁ passage

32b has a geo &cent er IChra cen [FHE BF"e Gwi se

axi s. 126;xlspabﬁsg:s;s¢shhmughs®hdmtdm&trlmt:elriﬁesr;barymdﬂ:ﬂﬁrDmopealpenmatmlcdr or

normal to t not ¢ d th t sh he passage

e andolhop « Rihoid PaShg o depsset TG bR utD AR T fher o and

for | at erilighevenegsed. tFurgem ot taknatreférhﬁ:ecemmddl th@Shelc2deertihzbi24eX@nd

t hrough t he Eress re and suction. si \Na’lﬁ}% 30. An_arrow, R indicates
§¥ Rote

the dir &&lortHirgneh iy pessyly. and pugtion s -t ARATRIMER BACRE S at es

repr esent@ifeb i dTr&h@s. MEWialsd ndidd tRTPEH datuithichtdprdshRatie dESUERcvRBd2 SUCt i on
sidewal I s 28. 30 and the correspondi ng inlet apertures 61 a-c which wll be

further eprcddcderithithypreatirgadnet afit#§- 7Y 2epEF SOTEACUIN AE gas tur bi ne

engi ne, tRe &0k NG wRidh Will BWrfthet O AR IRREAATRIow 32a-€ is subjected to a
rotational force. The interaction of the radial flow through passages 32a-e

and this rotation results in what is known as a Coriolis force which creates

i nternal BkﬂWDu%%BP%]Q&an& tﬁ@ga@%ﬁlﬂgﬁﬁgrl?@&e%mlmmm ink{AE &325% Qlis force

i s proportional e vector cross oduc C|ty vec of the
cool ant f3Zateds $ubppaled g0 ¢ taioghl fotre. Pagetageticand thdradiahigor ﬁlrougélp@asngﬂ} vect or of

the rot a g Bl afec e AR ANY: 1 kol Lo S ARREES LRSS DRt DG neGPO! o

air flowt rou assages i nwar
out war d. ({1IQBMﬂloIReﬁaefsagdsqzmedemaH Bs. C<ﬁ1oﬁnn cﬂorté 1sq3ktq>oplomlenﬁmtveotbr tross

i crocircujts 22 . ' t t f both
emhoa mert S ST aRETR el i G R bR R i e o oi1 26

(FIG  2),anghlbd venowy becislagatd de@ng blale. Bciténd@lypandiil at agprasded@atthonal  vi ew
of the airfoil 26 depicted in FIG_2 showing a feed tri (trlp()1 128 and

inl et apeirPhipedr 1~ tfsmtshtthealeaswé@ﬂ’*%ﬂﬁéﬂ?ﬁ ke dbpr radipths inwardeer optyazdg part al
cross-sectional view of the airfoil 26 depicted in FIG 2 show ng the feed
trip 128 and inlet apertures 61 a-c that feed the mcrocircuits. 10551 As
seen in APEH. Refaree mow tofdGE; ¢ aed 7.6 Ritcerpat ofhynisracaen i’ ohd M9redependent

upon the particularly the inlet apertures 61 of both embediments as shown in FIGS. 3 and 4, within the
wall 24 of the airfoil 26 (FIG. 2), will now be described. FIG. 6 15 a partial cross-sectional
view of the airfoil 26 depicted in FIG. 2 showing a feed trip (tnip) 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

ICIOCIrCits.

[055] As seen in FIGS. 6 and 7, the direction ot the flow circulation is dependent upon the
direction of the radial tlow (i.e.. whether it is radially outward or radialty inward). For
illustrative purposes. the cooling air flow m 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
How through the passage 32b 1s in a radially inward direction with respect to the centerline
126 (i.c.. away trom the Lip 42). FIG. 6 depicts schematically a pair of counter-rotating
circulations 104 and 106 created by the Coriehis force in the passage 324 which moves the
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direction of the radial flow (i.e., whether it is radially outward or

radially inward). For illustrative purposes. the cooling air flowin the
passage 32a is in aradially outward direction wth respect to the
centerline 124 (i.e., toward the tip 42, FIG 2); whereas the cooling air

flow throygh th e .32 in a radi L rd direction wth respect
to the ceﬁ@ r|01 eth‘péuig 1di§~al?l _a{)sto the q;ressure s%pw%(il Ep adﬁ()é.omg e&ae$1i3 cts
schemat i Csahluyman plamnnm-:fst ﬂmrﬁt mpmm&tmmgau)ca pnu&t&btlmﬂsroﬂaﬁﬂg aindlil.kd6s cr eat ed

by the Co orce jn.t 2a WhIC t ui m t he
suction s[d ﬁll(5 gff‘“fh”“ O;S‘B@sséﬂ‘%é" e&’é%ﬁﬁ 8”]3 "lﬁﬁél&he‘[tj&f’ ‘i’:g%‘l fe the
ci rcul at i @BssukeRide@Bll RA&L the RlcGon didele mﬁldmﬂeﬁs&tamgald thc irdadition OFach of
counter-rotating circulations, 108 and 110 created by the Coriolis force in

t he passa@'ép@mewﬁwchﬁ%@%@"mewallsrlrl8nilt4ﬁeatlfjpé(§§ﬁ%wgh Hewikerads to t he

suction syglenal ks 3QodNdc Backset @zﬁénﬁh&t»@u&h?z Qi1h G ﬁh'o@ﬂw feadhe @ht the
passages al'so i ncl ude3§59103| ng inner walls 112, 114 that join together wth

t he si dewgarfiteon thgeavigp 8s2¥0 formthe passages 32a-e. lnner walls 112, 114
are part of the ribs 116 that partition the cavity 32 (FIG 2). [056] In
the exenpl ary enbodi nent, there will be a plurality of mcrocircuits 22

(FI G 5) [086kdodedxamplainrenttediprnsskene eilbbek guetiiyor ngédewaith 82 (F16; 530,

| .
r especti Vel b Sl gle ppréspfrfgﬁde GhiioPRELIM %, & GREN. grslrgge*g.ﬁh% oot ve

mi crocircur 0SI Codi Fect 1’'ona

count er - r gegttrieng! cf aachubiahe mssec(lve)mtoaxnpamsrfé)z ai@ﬁosanﬁiedeﬁjred:ﬁ:aaﬂgnduﬁlo caused
by the Coriolis forces on the cooli air .f e respective
hssages Steetjo thastpRiterotllns Mhoidns ited byp B hg e B D BReER S S o6,
108 and 1thd Qorivhid forcbeonploylig alrdloag:sd tﬁtoulgmthetra@e¢mgq>s¢shgw 304-bt heth@ool i ng
air into the inlet Ir%ertures i romggwt 22. 1t is

and into t m
under st oo¥Maltf SRIEFIRTPIAIRE C%%‘ﬁ’é’“%]‘&t Wsl%pn‘g)g APt EH) il Pe pplgusd o fpsiy in
Rot at i onaghe Myahirh of BR.codling aARIANd et %eytuaala@mtamgrn&aﬂ@ fidrb@rufd 2251 it her e may
be two vortex pairs within the rotating assages. st ated above and

further desemnidedandbuitiithe yeeps ¢fitus Dvantontbatyevasy bigh |R<9h’é‘él"fil AUIYERiROa Pl manner
as descri et ahavi§ a80d obddtek u{dh tt)% m%%iy H%%Q%ﬁé% &dﬂrmuﬁﬁh\/{ﬁ@;&% of the

Coriolis forces on the sidewall . The Rot ational Nunber |s known in
the art. passages. Afotael! atiose dndi@nmreﬂe@nlbm b@@thhfemiertﬂ w¢ todisenosiipessi iI81 wit h

respect tSmilﬁqﬂﬂ{ngﬁﬁ‘%{e?cr%@@a%‘égthﬂ'ﬂ fur%l]cljzgﬁiW?l]l EQO&QO t ﬁé Adv\% % g?ﬂd on the

direction o cooln |nvvar within the
i nt ernal @a&ﬁa@eui«h&rtthet héewéb @&,citol de |R1mtaelbmapélmuare knswm m th¢ o It is

ggtm;:'lmagarﬁ)ogodqthé{v[ﬁe pldcemem oﬁﬁe m[c?apertmes%l tt%Srgs?JEact tof er]‘j%c.lsgurr]e ‘m(} quct?oen further

sidewalls 28, 30 will depend on the direction of the cooling air (i.c., radially mward or
outward) within the internai passage that the respective inlet aperture is in flow

communicalion with. This feature of the present invention will be further detailed below.

[057] In the exemplary embodiment where the cooling flow ts rudially 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 muddle portion of the passage 32a while on the pressure
sidewall 28. the inlet apertures 61 of the respective microcircuits 22 ure positioned proximate
to about the centertine 124 ol 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.
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[057] In the exenplary enbodi nent where the cooling flowis radially
outward, as provided in the cooling passage 32a (FIG 6). the inlet
apertures 61 of the respective mcrocircuits 22 on the suction sidewall 30
are positioned to correspond to an area proxi nate and adjacent to the ribs

116 and froma mddl e portion of.the 32a whi n the pressure
si dewal | 8[9@% Tp ﬁg‘]’ PATEL ‘"z'i% Ff‘ﬂlﬂlg TCEPEE ¢ f ‘"’"P@%p‘z’e‘f‘i e ﬁ%ﬂf‘b@rf?cu' ts 22 are
posi ti oneadnljmﬂov(dnmhae theaoabhoutiow Beadigint i@vhidng pﬂcﬁx&iboﬁn tdtinppssa@s2B2a. These

posi tions | et apertures 61, relative pressure nd suction
si dewal | s &g 7 S‘Ee ‘“\}ﬁt FPerGd L théd‘&“ipF‘éB’PlnB?fﬁf”c“vff% O‘E n‘@s ‘t‘jSPl*’lﬁlF?"él?%r ces

therein. gt&pdsithfabd pivximdteonBonete @AErIfrert 26 bMht dhissi @B MHNG oA ShedRSLlirk bed
above, in_the exenplary enbodinment where the cooling flowis radially
i nward ass! L&N@U@éetae i#lé&fﬁ}%éf@é%é@@e@% migtegigguity Y2 avepesifipnedito apert ures 61

of the respegohye 4. Eéaqﬁb{:ﬁm'dleta% 8dia Rt ok SbCLIbQRd §\k§561\9@:h| mifdle bGion
positioned proximate to about the centerline 126 of t'he passage 32b while on

t he presstitle passagedel | These pasiiens tor e inlpeapetivies 6 b Telyivettp diermsespae pind e
m croci rcédkﬁéh%w%[)?v@%g' Mugﬁ‘&doe c‘a?lre%%ﬁaﬁr‘%@@g EGidAR f&E@ﬁ‘.e#&f OXE e nd

adj acent to the ri away froma m e portion t he passage 32b.
These posabpm)qlfscrﬁmmnmenmcml ipticaapdo therfay el ducrtelizmt drigetation ¢fttbe pie@ssures and

suction 512% in }._hse respfzﬁwggfcb SSUT e!\ndl suyt\sonbs?de%v%ﬂé r§Ct IreQ;Qnelled in Ftlgri Qgc %} olis

force therern. oV escription ntion i The fact
t hat due inkt dfeeues bénicddl mrsagé SZMszmarprmasfaiuﬁfetrsntnﬁ&owrcnﬂus.n the respectl ve
pressure and suction sidewalls, as represented in FIG 2, each of the inlet
apertures 61 a-c for passage 32a and b are part of different mcrocircuits.

[0591 As [9B®Wd sholh GFIGS. @Bl 7,thd fiesadpesERYE favd2dedpth haneLa, kegpaiRly, and L1,
respectively, xtendlngvbet en the first end 118 and t he opposi ng second

end 120. gXFring batvsrp g tipst cadd btaEbR ORRRERE f%@n%tshlﬁﬂghﬂhwq%vl?fad. ally

out war d, @socaWD whih PBSsAEE B2as rddh@y lodiveld, a@w\ﬁnuﬁ ?%s@é& Dh, hbailet
mcrocircuits 22 within the pressure SI dewal | feed the passage 32a

are posi tapemEes W efHhameragrgpits Bryitdn giegreshee &ud@%h??ethsﬁ farelide possasst32about 10%
on either r§‘FSL¢t|0n9c§ Wi J %B@rsﬁeeﬁ&ﬂggne Blfesstu&es;&‘e%h%'o'f 9@0&?&7 \Mlﬁhh&*&ﬁic' nner

sur face O% he pressure devva hi s correspon s to a di stance of
about 20%fdlfe intgesceangtf ithe qgnteﬂlmptl%wnhtthﬁenmIsetfdcapéﬁrt: Presgurggidewwfll e

m croci eyl &, ét%%%ﬂ dED)' Em e PRy ! ﬁl\@@%ﬂlgth?’g tl:‘pﬁtgﬁrf tﬁﬁ%ieﬁ@ﬁerﬁﬁ&%ﬁge 32a

are p03|t|one e pressure si deval 1"8such e in apertures 61
of each mfalnmlcrcﬁrmmmaa%mvﬁim Hniemucaion siawall 2thaofecdithe phssd%2h nemdsitendd r st end
118 and V\gl}}nhgl tﬂe gregsrl)lre 5’1dewall such tﬁzpt?he mﬁa?aperturets %T" of each microcircuit arc within a

span, S2, of about 40% from the first end 118 and within a span, S2, of about 40% of the

second end [20. The respective spans along the pressure sidewall 28, as measured trom each

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

f060) Further in the exemplary embodiment when the cooling flow is radialty inward as
shown in passage 32b, the inlet apertures 61 of the microcircuits 22 within the suction
sidewall 30 that feed the passage 32b are positioned within a span, S1, along the suction
sidewall 30 of about 10% on either side of the intersection of the centerline 126 with the
inner surface of the suction sidewall 3(). This corresponds to a distance of about 204% of the
length, L. Further. the inlet apertures 601 of the microcircuits 22 within the pressure sidewall
28 that teed the passage 32b are posttioned along the pressure sidewall 28 such that the inlet
apertures 01 of cach microcirewit are within a span, S2. of about 40% from the tirst end 118
and within a span, 52, of about 40% from the second end 120, The respective spans along
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second end 120. The respective spans along the pressure sidewall 28, as
nmeasured fromeach of the ends 118, 120, correspond to a di stance of about
40% of the length, L. [0601 Further in the exenplary enbodi nent when the
cooling flowis radially inward as shown in passage 32b, the inlet
apertures; ocircuits, 22 mnt sid mal130 t hat
feed the Ereg)sure% Wm]ai?é dsdrsltidf‘“rg(?]gam Ca‘fbhl r%QeaeanAS zlirﬁéjq%b O 138?1‘8 %he suction
sidemall<Bﬂmmﬁoﬁﬂnmtm1B960mi@mﬂhﬁk.S|de 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, I..1. Further, the

inl et apgoslr QSIS6I3Itl’Q:f‘ néth®ait \CiHiGe the GLopeSf 2id padsbitivivehiién aaBsStdneeriiedeval | 28
are S|t|one al ong the pressure sidewall2 9

that feed . the p sa
such thaﬁ?ﬁhyﬁ I%S%aafaz’{&a Do Lesper gty -G Hr iR ldp dmeehapeavwwpeﬁﬁﬁa span.

52. of ammlnée&@ﬁﬁgmﬁf&:herﬁukrlsfouewghhlm th8 pladdtfkntbt Mk thid apfiaies @2as Of about
40% fromthe second end 120. The respective spans al on ['11-1 103 V A 16

the pressErigddraararye Wi reaechiad el b edth abprovided Exdsthe pgsen 20,
cor r espongydi@of andlirRhviiRe 1. Gﬁﬁ@tﬁtcaﬂ%e/%ﬁélcﬁlgﬁcd £k redih condelfdd wnltﬁ 'S

further noted and wthin the scope of the present invention that the
cent er | i nagny dpmativeidteyfal piseagy seufigyariogpef-yaryireshppethptrelaie andhevedef | nabl e f or

any ShapulALPHRA! WBRISA0 Hou e LA AL LSOk TDHE rukingl g1 oV ¢ hat

t he pl acenen ein rtures Rerer nabove W t
respect tmtctsheummittlwrdehuaémeam 1206ith g pprsewe deidsubdonsisietvhids 38, 88 &mt

i nvention _an nt ed and utilized in
connect|dﬁwﬁﬁFﬁMFbmsﬁc“len W‘P@E%“ e@Pﬁg qeuggg eﬁgb FgT at i ons of varyi ng

shape that rotate and have an internal fluid, such as air, flow ng

t her ebet t.tention i I to the f ct at the | rsection of
the cont aBpEhdErBRE nG e o8 Bntd bt MR B G R mandii B 58, 30
for any ddﬁﬁceﬁtnathepﬂsﬁ@g@urm &1 m\tﬁd’]y.]quE B24, Bey, shppgivand FIGIH isgpaatai on of the
passage. [062] F@ferrlng@nOM/to FIGS. 8 and 9, teed trips or turbulators 128

are showfPssreionyl viewphibe Arssass 32p&kemplare Si§of Flf és%he*rﬂsgrshft%@dws ge 32a,

32b, reSpi%%Ihthﬁllt}étthhl@t nhés@[ pﬁ@ b3 a zﬁﬁﬁ%ﬁ)s&?é‘chbn@ﬂ%le“ﬂéf%\é pdsg,dtabezpassage
32a taken al ong 8-8 | G show ng % feed trip 128 in relation to the

i nl et apeekaraenzeit? OﬁFIQ 69Vh|b§5 the f5ad tflpaﬁgéﬂd)s}%&t@mlif@rfdlaf@/ﬂ@wﬂ@l" tithe passage
32a takqmcﬁ&pggzdngoof FIG 6 where the feed trip 128 and inlet apertures
61 are shown on t suction sidewall 30. [063] Simlarly, in FIGS. 10 and
11, feed trips or turbulators 128 are shown radially

[063] Similarly, in FIGS. 10 and 11, feed trips or turbulators 128 are shown radially
adjacent to the inlet apertures 61 in the passage 32b. FIG. 10 is a partial cross-sectional view
of the passage 32b in FIG. 7 taken along 10-10 of FIG. 7 showing the feed trip 128 in relation
to the inlet aperturcs 61. FIG. 11 is a partial cross-sectional view of the passage 32b in FIG.
7 taken along 11-11 of FIG. 7 where the feed trip 128 and inlet aperturcs 61 are shown on the

suction sidewall 30.

{064} The tnips 128 are positioned downstream of the inlet apertures 6 1with respect to the
direction of the cooling flow within the passages 32a-b. In this way, the trips 128 impede the
cooling flow within the passages 32a-b and facilitate entry of the cooling air into the
microcircuits 22, Although the trips in FIGS. 8.9, 10 and 11 are shown as slanted with a
rectanguiar cross sections. the trips of the present invention are not limited to such cross-
sections fe.g. semi-oval or hemisphereicul] may be slanted towards the trailing or feading
cdges and may be curved or straight.
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adjacent to the inlet apertures 61 in the passage 32b. FIG 10 is a partial
cross-sectional view of the passage 32b in FIG 7 taken along 10-10 of FIG
7 showing the feed trip 128 in relation to the inlet apertures 61. FIG 11
is a partial cross-sectional view of the passage 32b in FIG 7 taken al ong

11-1 R - trin,128 d_inlet . apertures 6 re shown
on the S0tk oh o e MRSk Ao B ol onRy SRR O Db B AR BBt cam
of the i nicedingbper, therielst Gibriwies B ndsegtpdndictiheto thl oecsdfirondgod 98 rel. s00l i ng f 1 ow

within the pa s 32a-b. In thi . the trl 28 inpede the .cooling

) ow wi t FURT PHECeAeeat iR is (' i ¢ FSese Sl ST RE "Bebrrons o r | ot o
the m crivciré positicmied Zithiblihdyweghretshizwhn 2R Ss dddcriileBBerethab&ve, he iflexdpdriurés € shown
as slantﬁéj wtha r _ctang | ar cross sections. the trips o t][:le pr esent

i nvent i orPlat'd IPETRENHPHAO L Asifc IR’ a8 s el kbl eerhyith Bigdlowor

hem spherdfitgatdridiBYord&. H iRt hQUBIhgshd @;qscetnreaa &l tRDinRk ap@@etis e as €dges and
may be curved or straight. E-11 11037A 17 [065] Wen the mcrocircuits 22

are posi t9esHEEd WPERRPVE Ry G IV BHRZEPHBHAIRIOY3E wAd Ad@EeyohEHCTOHEME | n above,

the inl etcRRRS GRS efibedibd In ub@alp%rﬂe%ﬂgie@b’r{dar{avitn%gﬁ!ﬂﬁet%ﬁ%n Qhuldi OTR iR 98 and,
as such will " bealigned with the flow of the riolis forces. Simlarly,

when t he s#ychopiepatiinyvention plagperpy o iheindptagenures Inis npidimitesds dreanisiodiseudl 1 28 as
descri be i YEarodilgy i [4 WiESiso Sk gendi gilar to the
axi s of riseapFARRgEtEmking bTHEh PRI WiEHs Rl aRRBHBEREL RALRT L2

Cori ol i s dedinedss. the [Grashoffu¥uniler / B¢ edlds ihimbeheupledid.enentpeoite whkinitd et
apertures_61 as described here.i.ngbov dvant.ageousl y enpl,oyed with
AP var et vl @raiRs b FREnUEE R BRI Ree i AR N ARG PRI Cool e
and havi ngleanpeirtntee 61 auiltl padvideufol ik exéingltry ipssitian ofghy/inld: Aperprea @ mélativevient i on

I t of the inlet 1 i limted to t ' [ it
Cool i ng. dhepuad o BRLOHHR tanbd AReyosofisSplednlh SO hT "ol nougn

buoyancy forces. defined as the [ G ashoff Nunmber / (Reynolds Nunber
squared)], nay gperate within_ the passag%é_to reduce the nmagni tude of the

Coriol i s P8pkdeleripenai RidCget div148d o1 the BinsHis obtherrsentiipyeationiustalides 61

W L1 providief@bhed ReeiR¥QIMALRLY dPRTd IR0, O is LBl 4 &nvaRRhliur &%l rel ative
to the passages. The rotational G ashoff Nunmber and Reynol'ds Nunber are

known i n aifeil aFiG. I Geanlotrd requied hlagpipoline Bpass. cooling ediggiivedessifrdhdenef i t s of

the presentchnyephs Qeht bUakEReddbodNld HRIEHIARGhaNGE&! 7 hde %E_l
det ai | ed%}[aeg O%g fs'a préljor art c%n\;len?riﬁonaﬁc y caoglltlech ﬁggllr(af"‘:((é}lFl]tlf?. ! ﬁ)& 12 is
a pl ot ofshoegun Fd 18] &dercdddkémpllylibwivies thegoblinggiiet veotssvariesmidrert t he
blade configuration shown in FIG. 13. Curve 132 generally illustrates the improvements in
the cooling effectiveness for the embodiment of the present invention disctosed herein in

FIG. 4. A similar cooling effectiveness and the corresponding benefits, as that shown in

curve 132, wall be achieved with the embodiment in FIG. 3.

[067] The cooling effectiveness ratio is defined as the ratio of the temperature difference of
the relative hot combustion gases and the bulk metal temperature to the temperature
differcnce between the relative hot combustion gases and the coolant fluid {cooling air)
defined as follows:

¢ = |Tgas - Tmcml:lf[Tgaﬁ — Teootamt}

where:

e = temperature of the gas flowing extenor to the airfoik;
T cootant = temperature of the cooling air; and
T et = bulk metal temperature of the airfoil.
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present cooling schene as described above and the conventional prior art

bl ade configuration shown in FIG 13. Curve 130 generally illustrates the
cooling effectiveness for the prior art blade configuration showmn in FIG
13. Curve 132 generally illustrates the inprovenents in the cooling

effectiveness for the enbodi nent of the present invention disclosed herein
in FIG 4. Asimlar cooling effectiveness and the correspondi ng benefits,
as that dAeRIn Praferalyrvdpink32ginagrh kndodeseodrs ey eddesigntot dwpaemioodionkrt i n HG 3.

[067] The oling effectiveness ratiq s defjne the rati og..he
enpor at GECRe S PReBou FRRER Rl ol BB Bl B R s8Rl Wlhbhe bui i
net al t enpeicdtlade@?t Ghisheadh@wvpeimateipresendinbdreioe iiceydoedyae Enst! filen coeliag isve hot

conbusti on gases and the cool ant uid (cooling air defi ned .as ,fol |l ows:
oy e L BRIy el RBCHER ol bt s BRRupT Bt e P i eal it Sor i =
t enper at Wue t®fhe hliging 60thé BEblR hir 28 N jeE BB the chivhjeriort 8k idiemRebat ure of the
airfoil. EHl 1037 A.  [0681 Pr eferabl%/‘, tur bi ne engi neers and designers try
to desi grforGrsten gasAloNPLoBis PR) dediabls e reletiedls methqdropwlesslE 80¢has cool er t he

net al t enjafgded hérelhBovBehE Riord RIAY BF Akén AFARIH ineXomBfesdoh €4 @A), dhb. Thi s
is achieved in the present invention in two M%;%FI rst, filmcooling is

enpl oyed less waskithe sompessoe rp et Lraan grodusre Srotndesibtrsibpdiboyadesprese
t enper at Ui G.nlisn ERHBEEIhovBptRch RAnEHAIHGoREc AR, SBOhE BYII 3l §o ABiehd 1€ €ct's

fromthe exit apertures 63 into the hot” conbustion gas flow But, it is not
desi r abl elesimbtesdoplingeffeativenpestraionel It srmoledtiidt yradifionsé filra soolind of aisfodsidoes

her ei nabaye. . | ] I .ake or 14 (FIG
D the TeCenbRE P ERRRR Lt B bR R, RSP e
descri bedoabotes cdolieg gffiesey is aifmeent didthe Bepbiok sp af thevedlingppras &atavele

internally. conﬂ\éecti v.elui(t (éoz?qlf bh\g wall 24 to achieve a desirable cooling
ef f ect i vehllE e PFTETGRt 325258l Q% t hat traditional filmcooling of airfoils

does not enphe¥iT Li.g . seThed, Lo 1@ kAL gh.and.irel i abl e degree of efficiency.
The neasure of ., convective cooling efficiency is a function of the heat pick

up of the coo§6 air as it travels within the microcircuit 22, as fol | ows:
Tlc = [T cool ani,, Qul= empei@f &nthe cdoing ail IxifBE &k ontlels;cool ant, in [

T coolant. in = temperature of the cooling air entering the inlets; and

T et = bulk metal temperture of the airfoil.

[069] In the equation above, turbine engineers and designers seek a design with a high heat
pick up thus cooling the wall 24 of the airfoil 26. The present invention, as shown in curve
132 of FIG. 12, achieves this increased heat pick up in a number of ways. First, the pedestals
60}, 62. 64, 66, as shown in FIG. 3. and 90, 92. 94, shown in FIG. 4, are turbulence promoters
within the microcircuit 22. Second, the pedestals also serve to increase the surface area
thereby enhancing the conductive heat transfer path. Third, the pedestals disperse the flow
throughout the microcircuit 22. Fourth, the metering rows in both emboediments shown in

FIGS. 3 and 4. meter the flow to increase heat transfer pick-up within the microcircuit 22.
[070] Dtis 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 piven airfoil design.
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where: T cooLanUOT= tenperature of the cooling air exiting the outlets; T
coolant. in = tenperature of the cooling air entering the inlets; and

Trmetal = bulk nmetal tenperture of the airfoil. [069] In the equation above,
turbi ne engi neers and designers seek a design with a high heat pick up thus

cooling t q | -1 he. .aLrfoi N 1o nt . nventiqn, .as shown in
curve 1 gﬂo]:‘,@lgl(’%%fgélmgcdﬁi 15%;5%9(% ﬁ}rl&g t?enrgr%ggggéﬁﬁéa]'% Ldﬁlipéliuda ’n}”ﬁméo [rglgnber of
ways. Fi rsgeampheotgedbstiah gase§di, aG@becouse 0685 ows mehewm, it ckh Gow dverahed 90, 92.

94. shown,jn.J1 & 5 TALE L UM, S0GR . RIOMRIELS M LI N LIPS i croginoui t 22
Second, the pedesfals aflso Serve®t o8 icr ease tthe SUT T ace areéa ﬁré¥'eby
enhanci nghd fressaenddstdtive sideatilst2aBadE he pryatify a i cwdiait thet (pacasthalbiaddi sper se
the flow . throuyghout the microcjrcuit 22. Fourth, the nmetering rows in both
embodi merft'd "EHEAC] FPmBEFE 8455y 4. neter the flow to increase heat
transfer pick-up within the mcrocircuit 22. [070] It is understood by those
skilled in the art and within the scope of this invention, that the

ar r angemdAT2loRefardngiretiae o atitpl et shepladingy okths airtpf! 26Klepisled #sFigl s can

all he V& jopthelpPrceBGRBE M8 intbtiPeMBsd 6188 thedlerdireMal 2N ERl PReEidwesinbiQrita gi ven
airfoil design. E11-11037A LO 1] Once the cooling air is ejected fromthe

m croci r dgintbe deseribpd. bikernpapered paris agibstwiepnt BIGSha and {4 efantosimilat pastsniydst i on
gases, G e@&f}yti@ﬁfiﬁs‘ﬁﬁﬁgmsdh Fho QNIITREEY b Whindat 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

1072 RerGrh AgPkal B S ob ot B0 ey e e R R Y B AR T o 1 6
depi ct ed differbiig . betwmed oY the Aewpbace menthe pssideei.d. cbapresspent txiesrobdh wé t he

m crocircuit 2 (Fi.g. IS, .shown and will.. no descri bed., Li ke- nunber ed
parts as TB%%%EW' él%%.'e égcgrﬁ iy PR pafsé'g%glSr?iq"éplatgg’twtré',gla@%gomdlé%@m ption of
such par t3R th heRlp@2 (BIWiZ) ) ani @5 gelfyowhsit@it dttRelpashddd Ir sihypicC alelsyatict he secondary
flows of a gas tura/ione bl ade 27 are drjven by the pressure difference

bet ween IBFeFHE of IPGRCSBUPEE IS P HaRSRIgwUTejsids and 3R 8EeR sids-r Theed t hr ough

the rooty3&elkiifd222hvOin itdp8etRn Akepadfndidds thal M RIsB@lndasRages 32 e-i that
flowradially fromthe root 38 to the tip 42 (FIG 2), and 2) the flow exit

out of the passage. or sink, i.e. the static pressure of the hot mainstream

gas flow [@hﬁt A m%cgﬁﬁé&wngl t?li)lqg‘ltﬁmqoﬁé aﬁaﬂ%issfﬂlc[gajs%essiﬂg'rev-gglefour magor

parameters or contributors to the total inertia of the coolant. These contributors are pressure
gradients, viscous forces, Coriolis forces and Buoyancy forces, Pressurc terms
conventionally have the largest magnitudes especially in the radial direction with pumping
due to the rotation of the blade 27. Viscous forces resist the flow through the biade internal
passages 32e-1. When film cooling holes, such as the exit apertures 63, are present, high flow
velocities are present in the respective passages 32, and the Coriolis and buoyancy effects

may have a secondary role when compared to the pressure and viscous terms.

[075] "FThe pressure drop across each microcircuit 22 15 considerably targer than that across
the respective exit aperture 63 or film cooling hole due to the microcircuit internal features.
The Reynolds number present in the passages 32 is characterized by smull Mach pumbers.
Low Reynolds numbers coupled with i fixed rotationad speed. ¢.g. 16,000 RPM as found n
aireraft gus turbine engines. causes larger Rotational numbers so that the pressure and viscous
terms are no longer dominant. Also, Coriolis forces are coupled in the chordwise and radial
dirccuons causing the vortical flow patterns [Figs. 6 & 71, The increased buoyancy effect in
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mcrocircuits 22 have an inpact on the paraneters that drive secondary flow.
[074] A three-dinensional nonmentum force anal ysis for passages 32e-i reveal
four major paranmeters or contributors to the total inertia of the cool ant.
These contributors are pressure gradients, viscous forces, Coriolis forces
and B uoyahe Yad];a?ﬁi?&:ﬁ'm ﬁra%sa?ﬁlgagnati gtgnqsqucgc%vo?%el I%\Qfg‘r! Eky ngl?iggm%ll;]eer‘s ! GH’ngst
magni t udes especl a Ty in e radiardirection Wt punpi ng dué“to the

rot ati on wisupdse lbbaokere@itns M the passagb OB eeis the dsibgdncy Remfrhapvbetsh.oggihatihe bl ade

i nt er nal assages 32e-i . en filmcooli ol es, such as the exit
apert ur essugﬁfseégrgssﬁfee%cﬁf f“m%ﬁﬁ*‘ef It}l?\/\f/fo"(/'é‘ltg%apialag‘mﬁp%“'pr esent in the

respective passages 32, and the Coriolis and buoyancy effects nay have a

secondary, | e when conpared. to the pressure and viscous terns.. [075] The
pressure l&?@pe@e PREU AR POBIT B Sownped Bustegs ) resuldR 38k Ehan t hat

across  tdiesstR ARKLIch WiPing ddrbssARENEHEEI&InRE aferlts 60@hd NEIIOLIG 16l to the
mcrocircuit internal features. The Reynol ds nunber present in the passages

32 i's chalas¥EdroRRsCwying ARPIS IVBRPSSHIG s IBICt aPEBERRY nBHHIOWALABENE EBRip| ed
with a fixed,dQialheRdhrodRe8the RecdssayboBi% KM ARe fQRHvd RicrdikGifeSx 0as

turbi ne endi nes, causes |arger Rotational nunbers so that the pressure and
vi scous  dnelreddedawithin thelpoasgpre sidomdlhdat . Al so. Coriolis forces are coupled in
the chordwi se and radial directions causing the Vortical flow patterns
[Figs. 6 & 7f. The Increased buoyancy effect in EH 11037A the radial

di recti o0V dmuadil dlicontle nbnspquerrcangdmanhepebdndly dddsessk de imambars in t he
passages._l.,n _sone. .reqio of the SS 32e-1 ., ~f he Buoyan term nmay be
o T arge THIe R Ad hudbrelll SRRSO TRl Bortes SR HRTERGHTL e
radi al difoeet canrhavd O thi cddimgpletignsi al aiffoipatig thé niidiecipanaltet er s descri bed
her ei nabove can result in a higher pressure drop occurring across the
suction side inlet apertures 61 and a relatively |ower pressure drop

occur ri ngoasy as shetaempfi @SEibolinSdntl éhd iRleeipeaBRE bU R $hebhicrob it Sits| 20Wedt afr essur e
drop may not adeqtuately provide all the necessary cooling air into the
respect i VROSHORFLY the piesreosdevaipd dtfen TR qriminifatipn witk thegagngsial-n 28. [077]

Thus, theygld g RatbNRuitid Bha 15&5uroﬁe@5,{@egﬁam%ﬂkid§@ﬁgsd&reﬁi hywaddresses the

interplay and the potential inpact the pressure gradients, viscous forces,
Cori ol i s dooppwscating wBh danespeesigregsinahin Wiavide srpectize prsigenye dedryged of an

ai rfoi |l uging S e MG QGG atiSn 68the hef&lir gﬂs %i'?‘o Ak efERHhk: Yo, BmRad, ment , the
i nl et apertures 61 for the mcrocircuits f that are positione on the
pressur e ¥ adethapies@8: adavallZ8for.olemomwim itteauttom sidephll Bheltpagslagesd3dgd , h

within the scope of this invention that the alternative embodiment described herein and

shown in Fig. 15. may be applied to airfoils with a different number of internal passages and

rib arrangements as that shown.  Also, it is noted that a portion of the coolant within any one

passage may be used to feed a plenum located in the tip of the airfoil. For example. one such

design for a tip plenum is disclosed in U.S. patent appiication Ser. No. 10/338.646 entitled

“Microcircuit Cooling For A Turbine Blade Tip”. It is further understood that said

alternanive embodiment might also be employed in a stutionary vanc (Fig. 1), such as found

in a gas turbine engine.

[079] Thus, the alternative embodiment for the placement of the inlet apertures 01 provides
for the desensitization to any non-uniformities n the cooling air attributed to the difference in
the sink pressures on the pressure and suction sidewalls 28, 30 as well as the Coriolis and
Buoyancy forces that may adversely impact the cooling requirements ot the airfoil 26. In this
way, the alternative embodiment ensures adequate igestion of the cooling air into each of
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while the mcrocircuits 22 that are positioned on the suction sidewall 30
are in flow communication with the passages 32 e, g. In this way, the
respecti ve passages are dedicated, wth respect to the sidewall |ocation of
the mcrocircuits 22, to either feed the mcrocircuits 22 on the pressure

sidewal | 28 or, .alternatively, the suction sidewall 30. It is upderstood and
within tHe 5“’8%%8“’*o?“‘t‘"‘hﬁ”&”‘i‘sﬁi\?erﬂ“i"@‘?{’ G ahertili® sPET msps h be HBBERVEENT desori bod
her ei n androisifombladen 2Fiagwell bs vawey2b@iqappl i ed to airfoils with a different
nunber of internal passages and rib arrangenents as that shown. Also, it is
noted that a portion of the coolant within any one passage may he used to
feed a pl@ssimThacakesteent hbditibh Prodfdet HEoRink & Ridm HaOEMAXRINR el HPRaGHChH
design for a tip plenumis disclgosed in U S. patent application Se r. No.

10/ 358, 648 flérmaré) FectvRlyeralcnaddiit lopatticplgr gt combiption RovElesd®e Tip". It is
further updensdeQRer hbiorSal Golidd LBERALK ViR, QYRMIVERR A Ak Ghtal BlnsiRrdige €TPI Oyed
in a stationary vane (Fig. 1), such as found in a gas turbine engine. [079]
Thus, t hethapplehdessgeoleamonsine ar issroquiret o prod derah 240 Lessromprisear bigsdr t ures 61
provi des SARNShLE | ' - - uni i e e,cooling air
T S A S e

suct i on siodwareklis the28or 80 tiegprevent inemtivthpro@des ohévs! mivdocirBuidyaioy désogrces t hat
may adversel|y j.npagt.the cooling require tS.,..0fthe airfoi .. In this
vay. “the SrrlrRRA0L st ek SHLLOTREE e Tl BN FR cool i ng

ai r i nto geseht iefenibh provided 88ihplov2a niches oddpeodl theairfioid o6cTheuat srfdi2.  Furt her,

the alternative odi.nent can be enployed an airfqjls for blagdes 27 as
wet 1 s v e e RO R oo BBg et RrenSPwaBig Mol seSonvs PRtios o
cool i ng sysh@Mift badal @My s oterflonedinagifitioash to filmand convectively cool
an airfoil. In particular, this conbination provides an advantage over the
prior art cooling schenes in that, to achieve the sane netal tenperature at

the wal | @é1] 8% HOCIhakONP) 8SSHhedecteih FhiQHMMGHet@ R Pretth&d I | 24. Less
conpressor bleed flowresults in the additional advantage of providing an

i ncr ease $AMPlaRpEMkodEndtctfdhieRresepsinvenginpetticd magdificniéonsof Bie imyention fallpr esent

i nvent i on i gyk A& usO QYR it aAGHJE e keatMAk: MEEiFGHA NS dhLerSUN@gbeli cal Iy
i nprove pea;yf'pgrnancte gn% extlen a&l adeH1 i?ae. %{he rhg’crocisr’(t:ual? 22 (’)5? tﬁe
present immseerédm thy appeatisd climi fpyuol swdifisativgs ke faliwithic the ltrue kigirindndf oi | 26.
Thus, an S%iorfﬁgid,.e .ngtg_}gilog‘yi ng the beneficial cooling design of the present

i nventi on w1 not  onl y have a longer service life but also inprove overall
turbine efficiency.
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[081] Wiile there have been described herein what are considered to be
preferred and exenplary enbodi nents of the present invention, other

nodi fications of the invention shall be apparent to those skilled in the
art fromthe teachings herein, and it is, therefore, desired to be secured
in the appended clains all such nodifications as fall within the true spirit
and scope of the invention. E FI 11037x1 22 W Caim 1. Aturbine airfoil,
conpri si nye (Pprimssure and suction sidewalls extending longitudinally in span
froma ropt to, a Li$,ﬁ,ind ext.ending in chord between | eading and trailing
edges, sali'd si‘dSWAPY ¥BLiRGPEYAEed | ateral |y apart between said | eading and
Itrai i ng edlgfas,ara@ﬂehmi ilﬁdorzj Qgﬂiame{:xtgtydiﬁg rg)hgiaidimay gi stfph@ﬂonmibf endu][mig

ongi tudi n et ween said root. and said tip to define a first ow passage
and a s ﬁa%m?'aw EHiybyees Jradingi apd raikifng edRs SR StAed pRrRBmaedf or 1 owi ng
cool ant fihidtdly apteb@%EdnH@Ncadeh gink i@l ink ¥dQE a6PRbcBGottee by & Birephadsed within
said pressure sidewall, wherein each of said cooling circuits includes: an
inlet, saP¥endiiedenggpdivallidstuecs soidirery apd sid prtorefippnfishflewPpisage adew passage

i nt o eachpbnasRivip&£eQLT BE RliAlkicond ADY pRRaEXkdr IRAGHE WoBmt figlyd exit aperture
provi des a cooling fl'ow path out of each of said cooling circuits to a
regi on oubeiedzough; the airfoil; and a plurality of cooling circuits enbedded

wi thin said sughi9fSk ., [Ty a6Mofiq g LGl dif ok S
enbedded wit hi l@ﬁ?ﬁ%§g§¥@gﬁﬁgl emaF@h?nc H‘egﬁﬁaﬁ F%ﬁ%t?msgﬁhﬁgﬁket
provi des & seidabpling difcony ipdtdesf r om sai d second fl ow passage into each of

said cooling circuif g, gnbeddpr w0l N Sfhd rBUGhhafhos LAEHRL hey 0 g0 exit
aperture, said exit aperture p?OV| es a coo |ﬁb f1ow pa out ¥o ach of
sai d coolintogach oftuld®obwdedddaedamd t hi n said suction sidewall to said region

outside the airfoil; wherein said first flo assa is not inflo

S ommn cat on v ¢habgrl g i Aot risviEaR es e dio e Ceeh DL,

si dewal | anfkeRhgcifRaaon tEiomnopaiss agde wifollpind N f1 ow conmmuni cation with
said cooling circujts _enbhedded within i.d pressure side IE such that said

al d, ¢
first flow pasﬂs%{bfé‘“pfé’éago'mélf%&ﬁ|ca»’%dqﬂﬁmlglwdsﬂaf%f%‘éﬂ PV ESTFIRGINLlt hat are

enbedded QR dboling circuits embedded within said suction sidewall includes:

an inlet, said inlet provides a cooling flow path from said second flow passage
into each of said cooling circuits embedded within said suction sidewall, and

an exit aperture, said exit aperture provides a cooling flow path out of each of
said cooling ctrcuits embedded within said suction sidewall to said region cutside the airfoii;

whercin said first flow passage is not in {flow communication with said ceoling

circuits embedded within said suction sidewull and said second flow passage is not in flow
communication with said cooling circuits embedded within said pressure sidewall such that
said first flow passage feeds the coolant fluid to said cooling circuits that are embedded only
within said pressure sidewail and said second flow passage feeds the coolant fluid to said

cooling circuits that are embedded only within said suction sidewall.

2. The turbine airtoil according to claim |, further comprising:

a third flow passage disposed between said first particton and said trailing edge, said
third flow passage for tlowing coolant fluid therethrough:

wherein said third flow passage is not in tlow communication with said cooling

circuits embedded within said suction sidewall such that said third flow passage feeds the
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Wi thin said pressure sidewall and said second fl ow passage feeds the cool ant
fluid to said cooling circuits that are enbedded only within said suction
sidewall. 2. The turbine airfoil according to claiml. further conprising: a
third flow passage di sposed between said first partition and said trailing
wherei - <aoinlhid s § PEPEASERESORE P AR Bt b dRTeh S0 &
cool ing dGdewalits enbedded within said suctl on sidewall such that said third
fl ow passage feeds the EIl- | 1037A 7 3 coolant fluid to a portion of said
cooling circuits that are enbedded within said pressure sidewall. 3. The
airfoil ol clam@akfoivdielenn, @B&rdin&%iidtcxiaﬁ)@ﬁ"ﬁltﬂ’(ﬂ'e@(fh (Efaﬁllﬂ cﬁf)li@&iirdm@sool i ng
circuits enbedded w thin sai g SL{ﬁ;I on. si dewal ress&e si dewal |
tYe

is a fil MREAThyithp sid suchpysi "dseidiPrgs s ﬂf‘e‘i‘ﬂg C@%‘t@ﬁ‘ sy ough
sai d si deﬂ‘iﬁiéo%hﬁ‘@ﬂoﬂh&ﬁ?}@é:@@ﬁis aﬁtb@ghcs@.‘alsm@tvarﬁsldaufalscﬁhgésesfamwaﬂt fluldre airfoil
of claim3, wherein said filmcooling slots of said suction sidewall are
radially @?fﬁﬁg@red relative to each other and said filmcooling slots of
said pressure sidewall are radially staggered relative to each other. 5.
The airfoil of claim1l, wherein each of said cooling circuits enbedded

wit hin satd ﬁ@@yfﬂﬂeof@iadm&m”hcramda@éﬂm coolotgiskns ofi sdgvattioni siishalles a second
inlet, s | ts

radi al | yatlétgléiigﬁ' %ﬁ%gp?er&qelﬁtg&qggzéchac?é ‘nl] ﬂf%oﬁhﬁ g'fvs\%g F%e?ﬁ(? }englreﬁ I&CQ’\H:I&I

cool i ng cire eudidls segtedtethtivg tohiaph elaerd pr essure 5| dewal | and sai d suctl on
sidewal | occupies a wall surface area no greater than about 0.06 square
inches. 7. The airfoil of claimb5, wherein said first and second inlets are
race track Shapediﬁd‘ibﬁelairhenghéreinmadimﬁsﬁiﬁdbﬂingﬂﬁir&ﬂ&tdnﬂﬁdﬁﬁl witleatad than its

wi dth transverse to irection. 8. The airf of.claim1, wherein the
cool ant f‘i’rﬁ’fsﬁrecgﬁlr‘?ﬁ’f‘p §‘é‘g fuctien S‘%ﬁ@lldi“ij‘f‘gr PSP l“:gﬁt’nsf‘"ffl Ar\?\ﬂf‘é‘ﬁé?“ﬁ“‘f‘ he airfoil
havi ng a ihRrgirtlsh dTahid@%diF g&ﬂdmﬁs&h@laﬁ pﬁ&ed&g\ﬁl’[ second fl ow passages extend

| ongi tudi nal ly between said sidewalls. cool abl e bl ade or vane for a
gas turbine. conprising: an airfoil, said airfoil including:
6. The airfoil of claim 1, wherein each of said cooling circuits embedded within said

pressure sidewall and said suction sidewall occupies a wall surface area no greater than about

0.06 square inches.

7. The airfoil of claim 5, wherein said first and second inlets are race track shaped whose

length in the radial direction is greater than its width transverse to such direction.

8. The airfoil of claim I, wherein the coolant {luid comprises air.

9. The airfoil of claim 1, wherem the airfoil having a longituchnal axis and said first and

second flow passages extend longitudinally between said sidewalls.

10. A coolable blade or vane for a gas turbine. comprising:
an airfoil, said airfoil including:
pressure and suction stdewalls extending longitudinally in span from a root to
i tip. and extending in chord between leading and tratling edges. said sidewalls being spaced
tuterully apart between said leading and trailing edges and joined together by 4 first partition
extending longitudinally between said oot and said tip o detine a first flow passage and a
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pressure and suction sidewalls extending longitudinally in span froma root
to a tip, and extending in chord between |eading and trailing edges. said
sidewal I s being spaced laterally apart between said | eading and trailing
edges and joined together by a first partition extending |ongitudinally
bet ween sal d r-pQf _an i:q. i TLES . and a

et 110374 S B0RY R 3l oRa LRoBFHOD Bk o o BRRPARE 2 0es  or

fl ow ng ocbokérughl uid therethrough; a plurality of cooling circuits
enbedded wi t hian I3 illd opgoe?i%uzi?cuslti‘;dr%%@.}dlc Wil gil n]‘eesaL(t:rh i1 O\TvaiFai d ?OOl %ng
circuits incl GdREAISToRE crQls TPRIdsE YEFOGETEESATE SSFTHY FET St h  rom
sai d firsif shitewlpastage indlides: each of said cooling circuits, and an exit
aperture, said exit aperture provides a .cogling flow path out of each of
Shid cool i ng ci rcult Sl FEEPONIGUA SRHEE D™ PR i P it BipSsisear al 1y of
cool i Ng GihioGuit & seiaeddediviikdbm sai d suction sidewal I, wherein each of

said cooling circuits enbedded within said suction sidewall includes: an
inlet, said inlet P?BYiREEVE %f‘dfb?"i“rf’@eﬁ“f“éwoﬁéjﬁﬁa F?%ngéw&awﬁﬁe@ 8fv passage
into eachypfcosiidbifeo ﬂoggggb,q sutkitis oMb eedadii t hin sai d suction sidewal |,
and an exit aperture, said exit aperture provides a cooling flow path out of
each of sai d 20buklitngf eqolipgrrericrpbelied Winid sgetian sidepell orhestiviesddlof to said
regi on OU b dlgyidf\Grc@i! {ftbdaied WA Shil s 3RbA b At infhg passage s not in flow
comuni cation w sal cooTlng circuits enbedded wthin said suction
sidewal | and sai d segdicaidioltt pasidagecdoinniew pathflicowsaicerondilavapdsergewi t h
sai d cool ' it - i thin sald.pr e Si |l such that said
first fl d\bv{a%g@sé%gld gce)l @%gﬁg%%ﬁegﬁ%&iﬁﬁ# %“?%ueég%?%ﬁ%\i%ﬁ?l\r{l% circuits that are
enbedded only wit hi exisgiedupr esbeniapsitde palvidean dodag dlosgudneht bf eash phssage
feeds the coolant fluid tqg.said. cogling ci.rcujts that are. edded only
wthin et Son et Sbderf i ST H s Sl BRa ool S ATRE ARRE: o s o
bl ade or vane Whardiheid GRnsw peSageds hdtiin ol kommpassagey it spbsetnbet ween sai d
first partition and said trailing edge, said third flow passage for flow ng
oot ant - SSH PHERGERT HUBHHS BT SP LR SEHsrnT W BRSEbBEc BT i n 11 ow
communi catguffunidatibn ®th thi€ 0N GircGisleabbd®d MFRAAEAROLWstRIsRicHall hchUgdti on

sidewal | such that said third fl ow passage feeds the
said first flow passage feeds the coolant fluid to said cooling circuits that are embedded only

within said pressure sidewall and said second flow passage feeds the coolant fluid to said

cooling circuits that are embedded only within said suction sidewall.

1. The blade or vane of claim 0. wherein said blade or vane further comprises:

a third flow passage disposed between said first partition and said trailing edge, said
third flow passage for flowing coolant ttuid therethrough;

wherein said third flow passage is not in flow communication with said cooling
circuits embedded within said suction sidewall such that said third flow passage feeds the
coolant fluid to a portion of said cooling circuits that are embedded within said pressure

sidewall.

12. The blade or vane of ctaim 10}, wherein said blade or vane is fabricated from a metal

selected from the group consisting of nickel based alloys and cobalt based alloys.

13. The blade or vane of claim 10, wherein said exit aperture of each of said cooling
circnits embedded within said suction sidewall and sad pressure sidewall 1s & [ilm cooling
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coolant fluid to a portion of said cooling circuits that are enbedded wi thin
said pressure sidewall. 12. The bl ade or vane of claim 10, wherein said

bl ade or vane is fabricated froma nmetal selected fromthe group consisting
of nickel based alloys and cobalt based alloys. 13. The bl ade or vane of

cl aim 10. er et i: i1..anertur fach . [ QQl i el rouits
Crpodued SV, Bl 8% oAl {i‘téé\i}él?FI‘Q‘%‘ﬁﬁ%égf’@L‘B@?s"%ﬂ?%"%“l"%% oS
cool i ng, fldid thtecfrof;, , A 25 slot, said filmcooling slot radially extends

t hrough said sidewalls and di scharges said coolant fluid there from 14.
The bl ade or vane of claim 13, wherein said filmcooling slots of said

sucti on siddewdlht blade er vandbhtihiyn 51, aggeinedid f@hatooligy {las ek atti@r sidswhiisai d

filmcooling slots of sajd pressur si, de | are radially staggered
o Fve oA B S gv P bra e ah ) Bl e SRR 1Y pharEr n gach of

sai d cool i@l iafeGUdihisy @ndeadedatvetibidth o8k d pressure sidewal |l and said
suction sidewall includes a second inlet, said first and second inlets of

each of said cooling circuits radially spaced apart. 16. The bl ade or vane

of claimpk0, whehRUDoLAMB oPElanRl (] wheRli &8h 6f fafdddofinefRedd&Hy Mt Wy TininS ai d
pressure sidewall and said suction sidewall occupies a wall surface area no

great er tsighpresappsdegalhemdsgideetianedsagll incjudermeccondigiet. oridfariendsecendi m 15,
wherel n Sl of bichlor A1 SARAMc iRl Rh R ApScas L ack  shaped whose fength in

. : L
the radial direction 1s gréater than h transverse to such
direction. 18. The bl ade or vane of claim 10, wherein the coolant fluid

e e Thi Blagd PEvaRk BH QBT 10/ ﬁg}%eor}‘ ealh 8t Mt Qo §Fc§|t£‘er%§éd9ec?\'~[tﬁi9' |
having a lI'ongitudinal axrs and sai 1175t Yand second OW passages

ext endi ngsaldonepstradidaahil yndosatdmeetionssides ald iockepis lasvall20rfacd amatrioqeatapthapl aci ng
inlets of cqqh%qg pircHits enbedded within a first sidewall and a second
si dewal | BFR CoIUBIE s turbine airfoil, said first and second sidewal s

extending longitudinally in span froma root to a tip, and extending in

chord between | eading and _trailjing edges. said sidewalls being spaced
IateralIyr%paﬂ%egggﬁg%ﬁmgﬁfﬁmpb _W%ﬁmHHﬁF¥Q%jWﬁﬁa“mg§§%§mﬁﬁﬂﬁfﬁf5ed t oget her
by at | eaghp@nencRalehith iPihe @adif REHEABN iPRSAEUMNR W hehveer Saicl root  and
said tip to define at | east two fl ow passages for flow ng coolant fluid

t her et hr oti§Rtos aj d
18.  The blade or vane of claim I}, wherein the coolant fluid comprises air.

19.  The blade or vane of claim 10, wherein said airfoil having a longitudinal axis and said

first and second flow passages extending longitudinally between said sidewalls.

20. A method for placing inlets of cooling circuits embedded within a first sidewall and a
second sidewal] of a coolable gas turbine airfoil, said first and second sidewalls extending
lengitudinally in span from a root to a tip, and extending in chord between leading and
traiting edges. said sidewalls being spaced laterally apart between said leading and erailing
edges and joined together by at least one partition exicnding longitudinally between said root
and said tip to define at least two flow passages for flowing coolant tluid thercthrough, said
method comprising:

placing said inlets of said cooling circuits embedded within said first sidewall in flow
communication with only one of said tlow passages and ptucing said inlets of said cooling

circuits embedded within said second sidewall in flow communication with at lcast one of
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met hod conprising: placing said inlets of said cooling circuits enbedded

within said first sidewall in flow comunication with only one of said flow
passages and placing said inlets of said cooling circuits enbedded within
sai d second sidemall in fIOM/connunication with at | east one of FH 11037:1

26 sai d ather assa n_or e differenc n_s
pressuresdgﬁ”%éii éﬁss qno%?ﬁ%ﬁ% W" g gggﬂ”ﬁ?%%%%r%@?f%ﬁ[ﬁﬁﬂd%Pg“gnsure
i ngesti omdmfwatl hed s:m:bblasnmefshdmdll|tmérmmsang"&emcm @il @blanstiid imespeoldye cool i ng

circuits. met hod.of. claim 20, wherein said first sidewall is a
generallfa'dﬁﬁgﬁgecﬂwg¥§dF@“ si dewal | and said second sidewal | is a
general ly convex, suction sidewall. 22. The nethod of claim 20, wherein said
airfoil is fabricated froma netal selected from t he group consi sting of

ni ckel baded diMf giFEodefclatn A tvhssdpipidiirhydewaias 2 sHETHE CABE VO PIEEPES m 20,

wher ei n earhl 0find @hidlsec ol dl{f&gvaﬂ'lbré:hﬁnref%]l?@&%k BScfon@declvafiUr face area no
greater than about 0.06 square inches. The nethod of claim20, wherein

said inlets are race track shaped mhose Iength inthe radial directionis

greater ti?z@” iTth§ n}/&r%w&f I:l'hﬁlmﬂx%\;h%{%iﬁ Q\icﬁé{ﬂ'@il %i fﬁlﬁ%leﬁ @ronﬁﬁmj:élps%ké‘teaﬁom

the group consisting of nickel based alloys and cobalt based alloys.

23.  The method of claim 20, wherein each of said cooling circuits occupies a wall surface

area no greater than about 0.06 square inches.

24. The method of clatm 20, wherein said inlets are race track shaped whose length in the

radial direction is greater than its width transverse to such direction.
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