M CROCI RCU T COOLI NG FOR A TURBI NE BLADE [ 001] The governnment nmay have
rights in this invention, pursuant to Contract Nunber F33615-02-C- 2202,
awarded by the United States Air Force, Wight Patterson Air Force Base.
BACKGROUND OF THE | NVENTI ON [002] This invention relates to gas turbines
engines in general, and to an inproved cooling schene for airfoils. [003]
Efficiency is a pri i i t4f bi ne engi ne.
Hi storically, one gﬁlpmlgllfp gt(]p,:lc n?%@%%@ﬁ%?%é‘%g ef ficiency
has been to increase the gas path tenperatures within the engine. Using

i nter nal | yjoeolBd soodimaa s haveaglits orthiiigkntiée ppeoat ur Eorapadurmeral | oys

h dated_the | d _ . Tur b { d
D1 ados, 1 OFS3BLaApCeI20 vaHgeA AP DGO B Bl oc SHAPEEabroBA Whikced t o a

hi gher prggsure, but still at a |ower tenperature than that of the core
gas flow passing by the blade or the vane. It will be understood that
conpressor bleed air for such cooling will be unavailable to support

conbust i Orh,&&l(td}?%fﬁ 6%1%%%&25"9 HOREr Pressure provides the energy

necessary - t0O pus e air the conponent. A significant percentage

of the wor[R02]nEhis iedention tdl@es t@igas tuktduesfengines ingenwalpandde on improvas\eepling s | ost

during the gool %?n .&{)rocess. The | ost work does not add to the thrust of
28

t he engi ne*aree 0|llis/'el y effects the overall efficiency of the engine. A

person of skill in the art will recognize therefore, that there is a

t ensi on be e he efficienc ai ned from higher core .
t enper at ur@@ﬁa%}if‘ﬁ’é@dﬁﬁeﬂmﬂ%{l&ﬁé@dﬂ? g A ag)( ﬁ?st)t%éneceg%%%ggﬁsgo Tcai the

ef fi ci encyorde@$thelpriapiph ie@diqugs Rt incteasipgéffioienty atbeernolindense Fegaepath s,
accordingly, great value in maxim zj ne%?eat1 he c]ogl i ng ef fi cideﬁc% of, what ever
cool i ng ai Emperatues yithinihe engipg, Yiging pierrally fgoled compengnts made O BIER o ' o nance
due to Unat\éﬁ\%&r@ﬁ'ré dap¥ciSfallePOhds Aeonithddaled thel ificréAtR Gdnipefu@Ired) SEurlsifle stady scheme
for cooling blades and vanes nust optimze the wutilization %{ c&n&rﬁessor

bl eed cool Yanes adbladepdarn expmplsy arg xpicaly Femledusing GORAressor A ko2 13,

typically ﬁr%h&9&t$ﬂﬁ LY Rl aémgi&miu?é bt of GRVEdrk B8 AN d%Eln?B?th’éWE bed

with cooling air. e cooling r passes thropgfhthe wall of the airfoil
(or the plthe varemit witldbetunderstoed that ¢napmaessoreiired gif Tanwugh £Fecling ik bapagvailable n { he

LTS ARy S s et o
i nst ances, toqueh ihagirairoughsthp ewapmienth Aosigrtifieant pirggntagsof Hiefvfaik HBPAEsS 9 the
air bled from the compressor, howcve;, 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 therefore, that there is a tension between the
efficiency gained from higher core gas path temperatures and the concomitant need to cool
turbine components and the efficiency lost from bleeding air to perform that cooling. There
is, accordingly, great value in maximizing the cooling efficiency of whatever cooling air is
used. Thus, to minimizel any sacrifice in engine performance due to unavailability of cooling

airflow to support combustion, any scheme for cooling blades and vanes must optimize the

utilization of compressor bleed cooling air.

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

The manner in which the cooling air passes through the airfoil wall is critical to the efficiency
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apertures to convectively cool the wall and establish an external film of
cooling air. A mnimal pressure drop is typically required across these
cooling apertures to mninmze the anount of cooling air that is

i medi ately lost to the free-streamhot core gas passing by the airfoil.
The M ni Maky e BRRUC LALAR hRakadiBbdide BE QOUEEA (hihOHORiR B diffalel iRy
cavities wthi the airfoil connecte by a pluralit netering hol es.
Too smal | apopiuess sueavertoplysepldbswalhand esfaplidi 4n axgernal & Offé@bns aif.

undesi rabl e.hot I time in
t he cooli n%‘"ﬁ%er rgsrsgre%gp = pléaﬂwfﬁgﬂ%%céosg?% ?%%Ooﬁ:lg éyr’fgkggde'r“% e thekes this
type of cenvenbf veliagairitngisimmediaed lystitadkifieeiseedm h@t@@&]gamasmgmsmmf

i neffective ol | can, be found or f|| character stlcs

appl | cat | oRER: IThF BHGALPESR Y 5 PaRy Pracbes L ORe Bl R B IR rany
cases, it iR i85l donhéced b yQ;ﬂ&hﬁ’tPlofﬁaBteﬁhé Ad166 OF doghafll g siste WRIpl actles fhace. A
film of cooling air travelin the surface of the wall i ncreases t he

uni f or ni t y2igfiltedl cepaspih i LHﬁ%F“"W?; E}Pteﬂoé‘-‘sgats AesTlgny 1 alf eA3e% He MBI gt not core
gas. A per§om iPihe bl ab&tti‘r@@s W Withd sif EFWHY ABng BRABNSRaked (i typd bfm cool i ng

Is difficult to esta and maintain in the turbul ent environnment of a
gas turbi neQﬂVBﬂIWQ‘DlmgGaIQ@‘Q‘%IY iapffickentr filmcooling is bled out of cooling
apertures extending through the wall. The term"bled" reflects the small

difference in pressure notivating the cooling air out of the internal
cavity of [G98) aOnd ciube ofcuﬁfagﬁvetdmelilmaablberﬁ@mdéspmré‘ﬂ@dhmqt‘m&ys-‘i mghesgert ur es

o eot . SRt RO gh bochipk B by LBl L Lth SHISHAL th Hahy eded iCOAMGEle

grea ressu erence across an
aperture wd dstabﬁslﬁiﬂnid’aﬁhﬁg iloﬂig)a wﬂlswﬁate Imtﬁdlntolﬂeoqimgsumgv&iingelongdse rat her
than aid in the l.on f ssure

di f f er ence’® Ptf‘ggg’ﬂ t’“ﬁ“??s?‘?é ‘f"Q'JOBP'g' ?:fggff f?ﬂ!}'gﬁ ’l’c{ﬁn&% r%tYSL irrtc'FTPthgpert ure,
or worse, ?:ﬁsﬂnghfad Q¢ gds. AQfersdA bEskilPAShe BO Wl LR6GBzeARMEIVEE khat fifrk eadlingiid m
cooling effectiveness, Another problem associated with l_?)l ng B@rt ures to

establ i sh fifligalttg gstatlish pad fe‘wafa"blamtw&u PEenvropmen 9ha 83 1 Plet e

points, 1 gihehirfhaimaoon 1§-bféﬁﬁﬁﬂcﬂ"é@élﬁlg'ab&%:res-rﬁ%rﬂﬂ@&hrb@émemaﬂhem
apertures, and areas inmedi at el downstream of those gaps, arg}gexposed to

| ess cool i kgmabledtsBectathe smplkdiffisienea in @resge motixatingthe codling FHp gt
downst r eamy ?JTJI Q%l@%ﬁﬁe‘%ﬁ&i @Mf@{eepraﬁl%ﬁaﬁaame@wh SHAE BRbhuRls @ Etablisiner nal

degr adati on bi ne engi ne bl'ade desi gners and engi neers are
const ant | ya seqling |artg"llm05 the fidsh s pengitivisy togfrésisere differgnsg 86 thoylerigS-al P oil s to

prolong |i %1% fpr&{%ﬁre%ﬁérgﬂce Scrdfty a@%ﬁ?@wﬁpguggth Rt rt@fe{ f\ﬁ int§ %tpassggpédr@g air
used to ac this I's expensi n terns of overall fuel consunptlon
Thus, nor egisfrﬁléc!tthmealé.ndtheﬁmnmm afdm ofcoalingiadiraloe smelbh pregsuag differgner ryi ng
out cool | ngnlpresult in negligible cooling airflow through the aperture, or worse, an in-flow of hot core

gas. Both cases adversely affect film cooling effectiveness. Another problem associated with

using apertures to establish film cooling is that cooling air is dispensed from discrete points,

rather than along a continuous line. The gaps between the apertures, and areas immediately

downstream of those gaps, are exposed to less cooling air than are the apertures and the

spaces immediately downstream of the apertures, and are therefore more susceptible to

thermal degradation.

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

Thus, more effective and efficient use of available cooling air in carrying out cooling of
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EH-1 1037 2 turbine airfoils is desirable not only to prolong turbine bl ade
life but also to inprove the efficiency of the engine as well, thereby
agai n |l owering engi ne operating cost. Consequently, there is a continuing
need in the art for a cooling design that will make nore effective and

ef ficient fﬁ?tﬁn@&rf@ﬁﬂsldég{agle%?eﬂl?% Iﬁ’b]‘bﬂgﬂ.ﬁiblh@b@@é ltli‘eQ'oUJ Ado wolifploREiease the
rotor inlet tenperature decrease the cooling flow required for the sane

rotor inl e@fﬁtenge‘pfahwmnemewé thereby @nejowg@@g;pqgmetqﬁ@rararpg cos Gonesquritht e

entry into d GRRPE LAGGRL fnd
required ttct)lte er‘%t%s l“etr% %‘é&’t@%@;{ﬁ%@ﬁg @‘ﬁ‘é‘a§§§’m\} @el NVENTI &\I [n007] The
present i nyé@nichoite pf oviildes caolmgemand mparticuhmabiimg:asw@;t emrtlhlatteexmphmyﬂs a new
and effectiye approach t (ofe]0) osed. t era ure

envi r onment* ileﬁﬁg%téﬁ&?@@% 3’68‘1"1":"1%% ﬂhe T S%WE)‘??&?“)F od'l?hrrrggn{S s e wal |
cool ed is jdedan BRSrd FRIINGe SRY) N BOSeWRIEImpRaed ccdlingdeygrishe th&azloblmgSmran
airfoil wall. In particular, the Igr esent invention provides an advantage

over the preaBreddpirapsel heayew ohbebedsn that, to achi eve the same netal
tenperature at the wall surface, |ess cool conpressor air is required.

Less conpressor bleed flowresults in the additional advantage of
provi di ng SEMMARIOF INVENFKINe ef ficiency. [008] Briefly, a turbine blade

i s provi de@n elp%{:l.gt 1%0?&185 gnroQﬁl%s £ b Archit b oitisGdlers ARl LMfloySd fiew fnd

fl owabl e erna Irst, second and third cooling circuits
enbedded \Apffdat:v¢ kgprmh lto cophe web expasef iarigh empemBIaRMirPINEIX $hat FeaRITSoNNect

each respect Znﬁe tgclz ep%rg%i’ijﬁ)sdﬁ@fetgt the %W Eﬁ%]g& % dl? %%}H t&%uﬂ: c‘ﬁgﬂle 'aﬁ'rgm%{cr flow

path into fHe citcuit. circtiits also
i ncl ude anpamwlarqmewnes ﬁd’mifonpwd\lllhiqmrtaulaoahd prgpeai mva‘nluowpwatdqs aut of the

ti I I
ot case. {HYSTRRLERS OIS ERINE scigioeh) afh b SR thRINGRay

to the exithe aa@rsuHidc, leblcdoheontpresngnl antiy requipalli Insntomprévsor higrddlos rasudtsal | gned
with the direction_ of counter-roqtating flow ci rcutfatlons experienced by the
i nner sur f 4€ad anoqq%@dmrqgeeﬁwg\@ g™ BETRH PPEF CEX' DRt he cooling air
flowing inside the cavity. [009] A nethod enbodi rrent of the present
inventionisjorowdedfor Elamn the inlets of lin a

I of
turbine bl K881 nBweth 2 awbing PlniIPrRadrdcompritins m“{-ﬁﬁ“ 61 ﬁb“’ rI‘P"*‘i“@" ﬂowabl e

froman eng. afndNe1 Ay blvmhiRd Jhd a'ﬁ?stf SeONAGARTAHAl OBk giircWlitd dmbidaged witiet S.
The method 1 ncludes determni n? he flow direction of the coolin

"
Wi t hi n t hetheasalls The catdinggircyitsgnclydednlass thacserngsteacty jespgeibyercopling ?‘W“g r‘i”é‘lh
cooling ai Eavﬁ?%ﬁr@v@é a cgblﬁ*é al(i)rnﬂoQ\}c sztl}l"ﬁ'nc; e pésB@cnbL @&ﬂmgﬂﬁcun. The cooling

circuits also include an exit aperture that provides a cooling air flow path out of the respective
cooling circuits. The cooling circuits are configured to increase the temperature of the
cooling air as it travels from the inlet to the exit aperture. In the exemplary embodiment, the
inlets are aligned with the direction of counter-rotating flow circulations experienced by the
inner surface of the wall caused by Coriolis forces on the cooling air flowing inside the

cavity.

[009] A method embodiment of the present invention is provided for placing the inlets of
cooling within a wall of a turbine blade having an internal cavity into which cooling air is
flowable from an end of the cavity that is in flow communication with the inlets. The method
includes determining the flow direction of the cooling air within the cavily, taking into
account Coriolis flow effects in the cooling air caused by rotation of the turbine blade and

placing the inlets aligned with the direction of counter-rotating flow circulations experienced
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placing the inlets aligned with the direction of counter-rotating flow
circul ations experienced EH 1 1037 3 by the inner surface of the wall
caused by Coriolis forces on the cooling air flowing inside the cavity.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 010] The present invention will now be
descri bed, pyp¥e \Yakr Qfrfa8XSITRE Fall Wiuséd B EESEANRTErcEPon thoI€ookiag maayrlgnﬂsl@k @i Ngs
in which: [011] FIG1 is a sinplified cross-sectional view of a gas turbine
engi ne; [OqaZ]tYFI G 2 is a diagranmatic view of a turbine blade that
includes an airfoil showing a plurality of the present invention
mcrocircuits disposed in a wall of the airfoil; [013] FIG 3 is an

enl arged JdBREEEBESCRIPIION OF THE DRAGHINGBt of the m croci rcuit cooling

schene of sentlnventiO' 014] FLG, 4 is d |ar tic
vi ew of an[togﬁ aﬁr?s\% RYREaT Wﬂh‘ié‘%ﬁ %eﬁ‘é"b%%yro%‘f (?fgeﬁl TP c'o‘g!%h NS egrrgaof
t he presenghe kévoipah@ng da@idpl ifWkxch:5 is a cross-sectional view of the
airfoil of FIG 2 taken along 5-5 of FIG 2; [016] FIG 6 is a partial
cross-sectional view of the airfoil blade depicted in FIG 5 where the

di rection @f1f haca f afslifed RO CHBR $RM df RGP ASIS ghﬁ; radial ly outward
and showing a feed trip and inlet apertures that feed the mcrocircuits in

the wall of the airfoil; [017] FIG 7 is a partial cross-sectional view of
the airfoifg;5 adg dep &Qﬁgmfngmﬂngw oPa \M}@ﬁ.@b]aamaei;na@géslaaalr&m sthtaamalar fl ow
t hrough the cool ing passage is radi aI y inward and showi ng a eed trip and

i nl et aperplurabity af e préssainyénsionimisrodiionuilisgosedintaiveallgf] the a;ffOtlhe a| rfoil;
[018] FIG 8 is a partial cross-sectional view of the cooling passage |n
FIG 6 taken along 8- 8 of FIG 6 showing the feed trip in relation to the
i nl et aperi0t3leFIG 81 ﬁlﬁed@lidgsananmcrvﬁfi\abf ar asdgeat phthamigpawusf t he

cool i ng pass e in Fl ongg 9 of FIG 6 where the feed trip
and inl et é’ﬁgg {f,hggle Ehegﬁeé'\%}g"gﬁ e suction sidewall of the ai rfoil; EH

-11037 4 [020] FIG 10 is a parti al cross sectional view of the cooling

K 10-10. 0 I t.,he f trip i
Pa00a0° | ARt S e St b R Bl PP 1

Cr 0SS- sectmpiRirciit e31iAL séHeme @P eippgenasagen;i N FIG 7 taken along 11-11 of
FIG 7 where the feed trip and inlet apertures are shown on the suction

si dewal | of
[015) FIG. 5 is a cross-sectional view of the airfoil of FIG 2 taken along 5-5 of FIG. 2

[016] FIG. 6 is a partial cross-sectional view of the airfoil blade depicted in FIG. 5 where
the direction of the air flow through the cooling passage is radially outward and showing a

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

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

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

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

8 of FIG. 6 showing the feed trip in relation to the inlet apertures;,

[019] FIG. 9 is a partial cross-sectional view of the cooling passage in FIG. 6 taken along 9-
9 of FI1G. 6 where the feed trip and inlet apertures are shown on the suction sidewall of the

airfoil;
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the airfoil; [022] FIG 12 is a plot of cooling effectiveness vs. the

requi red bl ade cooling flow for the airfoil of the present invention as
shown in FIG 4 and a conventionally cooled airfoil as shown in the
following FIG 13; and [023] FIG 13 is a prior art conventionally cool ed
airfoil. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 024] Referring to FIGS. |,
a gas turbine engine 10 includes a fan 12, a conpressor 14, a conbustor
16, a tur bi028] TBGan@ica poial wsp@ctional wad cifthe coplingrasegrBLE LY takeD alopg t
conponent s tp cor 3 I - he extreme high
tenperaturgyﬁigﬁﬁggggﬁgwé gFg%%égﬁﬁkﬁﬁﬁgﬁg?gggﬁHﬁ'ggégéand stator vane
stages within the turbine 18, for exanple, are cooled using cooling air

bl ed of f the conpressor 14 at a pressure higher,and te r t han
the- core WIL LT R mir el Gies CHBOGTH Eietet 1 Conhie et Bl FR, e 8RE P
I is for il ypbfRid. 7evheRith® RRE FiOAdYnIartpeitbren@it sRow o thabudion eidewhibofi nst ant
i nvention which may be enpl oyed on gas turbines used for electrical power
gener at i onthgadfodli rcraft. [025] Referring to FIG 2, a diagranmatic view of
a turbine blade 27 having an airfoil 26 that includes a plurality of the
present invention mcrocircuits (cooling circuits) 22 disposed in a wall
24 of the HRRY OFIG. 28 is spletrdwaclingisilegiveness 7y thereguitad blgdesoaling fiavelontie cavity
(cavity) 324 Q¢ ﬁ]%%ﬂjes\é\ﬁttimegt'&hﬁ ﬁh\(ﬂfl #1629 and. Q?oxmeﬁ’t%_a%]cécﬁedjdiﬁapﬁed
radi al |y above a tir tree 1and aving a pressure sidewall 28 and a
suction sishewalih tigdolldeg FIGéwanls 28, 30 are joined together at axially
opposite leading and trailing edges 34, 36, respectively, and extend
longitudinally or radially froma root 38 where the airfoil 26 neets an

i ntegral pjoasf oFiG. 49 i Dpréortattpork@ntidratly cesled gdfed. t he airfoil 26. The
internal cavity 32 may be of any conventional form nulti-pass serpentine
channels, with cooling air typically being a portion of the air bled from

the EH1 1037 5 co 4 (F engine 10 (FIG 1).
PreferablypEﬂﬁéléﬁfBbgaigéTﬁy§Q§L§HEQ§¢ﬁ§}ﬂﬁq i nternal passages (passages)
32a-e. The[gpap SRABRIn3AEFIGREa bRAGbind@hgiat 1y irdiuSposfad 12) 4 tommelsarcieing
passages i nterconnected to define at _| east %_goBtio of sg&gentinet

Bool i ng ci FREERELOT 16, & WHnekS 90eaazAnA0- Teardlbe! theeopusion Je.dmos compqbs o

uni que cr 05?0 bicBR padhile RBHIN bdchBse OF B extrSME high Rerfiferfitie Bf GRRbicNGs.PRRS ages
may have any shape. f526 For purposes of giving_ a detailed exg%gée"‘}he

present i ningial Fgsor sidass avd siEen anestaggs Withinbe 4aRipf | Hebr HaF8in28S
di sposed V‘@:c;orﬁlng alr rﬁ?ed\%# the gé‘mﬁx’ég&s Ff-fjattaq:»r&%r@ hifher Jn'dqyﬁlpe%tm%rlo@é}&han the

core gas passing through the turbine 18. The use of the system of FIG. 1 is for illustrative

-]

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

turbines used for electrical power generation and aircraft.

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

serpentine channels, with cooling air typically being a portion of the air bled from the

EH-11037 5




side and cooling air on the other side, such as Tn the airfoil 26 of the
turbi ne blade 27 shown in FIG 2. In this way, the mcrocircuits 22
transfer thermal energy fromthe wall 24 to the cooling air (air). The
present invention microcircuits 22 however are not limted to turbine

bl ades and .6apreb&r 45 BEG! T')&fttl*iheénﬁié@lb%:f(? 19 Preﬁ?&%ﬁ“%%&o:%a@‘a'mh'ﬁh%f
liners, augmentor |iners, nozz | at fornms, bl'ade seal s, vanes, Ttotor
bl ades, et entgmabpressets (passageh) h-et éfrhp@asamﬁ éZa-emulfpnmn@mH}t@a:tos&?deﬂm res
cooling. [ I

furthered g@g nlBg%%é %gergoq'we&sgdatﬁ dé%n f 1&”&\/@ Uét\}\(/g n?f? on%&%ﬁ etcﬁ'gl ’}ﬁrﬁ‘élm k!

I nvention murclnmmted:uhatteadoﬁl thmglssrghem ehd‘sllammm;ue Loy destiof ﬁldrouglame@roabl e,

hi gh convectiyve ncy coolin Along,wi th high convective efficiency,
high film é\ef‘:l“88t°(f3 hé@@“’lﬂé’a?‘%{?ﬁ|“?“gd‘af’%?"ygsha9fdvanced cool i ng

configuration... FIG 2 illustrates the mcrocircuit 22 of the present
I nvention that are enbedded in the wa 24 of the airfoil 26.
M croci r cuf®8} nHgr BiEPQsescHishaes %ﬁetﬂiﬂéﬁw@e theBREsFRbIMF TR FigropARUEt 22 Will o

preferred gobadliBBiterei Mool LdigiokdCiittlin uRM Il A eBshe@to dfd ERTIN, 15, ofTBAeAl S
forns and encapsul ated in the part nold prior to casti n‘g)mn Sever al

r ef r act or ysideaed eoolipg air galthepthes Sigdpdaehuan ip W)alrﬁmbrzﬁrem@fsm e(bader?\sBowRe| t i ng
poi nts that, P‘ifg;‘ 2! T B3OS 1R fmicdolid @'zz%%ﬁ%érfwerm?% agtf e%faufih%ﬁ.k based
e pr o

superal | oys. se refractory neta s can I n wrought thin sheet
or forns i rodingad (mek dds aropert nveake wigoicirpytscRdnneyes aregtpaHmgedioi tabing of

o PonPiekft Bl B2y BA th SRHMTL e SOM ARG IR LB RREL dEResy SUET

mcrocwcw rica s 1nc Imted to,
combust or lmasre.rrmzzlei, platfom bladmalsx wnbs MOrUilatdes:;c )teupdmd@ 3 high tedhperanan e
endwal I s, an referably, such parts are formed in part or

in whol e o?mﬁfoéllf?épt [b%%cﬁ’%ﬁf foé)@ggor cobalt based alloys. Thin refractory

nmetal sheets and foils possess enough ductility to allow bending and
formng in o | ex sha t|||t l,.ds ust, de abl e
of survivi @75 &gfgrrw@/ngwég ﬁ%E gr € g Fé{‘&,‘:}%t"f‘@e 'ﬁ‘ “"F‘é’F‘f‘ﬁ%‘ggl:rI?i tal
can be remMatnlaseaviensoft dhe Q0GR peéa@;mlmhu@.ﬁmmhcun&dwﬁgredheineechl ng, or
oxi dati on pet hods, | eavi ng behind a cavi tt¥Fform ng the m cr00| rcuit 22

1

EH-1 1037 Bligiprirgyits gtfenwilqrable. dighqopyectinaeilicRpey oaling SIgB& VYR PP t he present

i nvention Ea%e@:kv%qefmencg%m fin! s RHvansisnregBiyonBNidvamel thdingechni ques
wWth ceram c cores The cooling mcrocircuit 22 enbodi nents can

occupy a wedrfiggatipac Caﬁe&usastcgﬂ@a@w@gmm 22 of thepresentipyeason gt 3r¢ npr e
common, NOYEW&{ded fn%% Fallg bPGE '&EH:J] lt 62 %/IJ:R&? RGN pr){aﬁbevi’ﬁécjhmeﬁ Uf Blﬂ&‘%‘ws@r ea |ess

than 0.06 square i1nc and t ace of ‘preferred enbodi nents
molded within a part Ina preferred embodlment the microcircuits are formed of refractory

metals forms and encapsulated in the part mold prior to casting. Several refractory metals
including molybdenum (Mo) and Tungsten (W) have melting points that are in excess of
typical casting temperatures of nickel based superalloys. These refractory metals can be
produced in wrought thin sheet or forms in sizes necessary to make cooling channels
characteristic of those found in turbine and combustor cooling designs. Specifically, such
microcircuits may be fabricated into parts including, but not limited to, combustor liners,
turbine vanes, turbine blades, turbine shrouds, vane endwalls, and airfoil edges. Preferably,
such parts are formed in part or in whole of nickel based alloys or cobalt based alloys. Thin
refractory metal sheets and foils possess enough ductility to allow bending and forming into
complex shapes. The ductility yiclds 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
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typically occupy a wall surface area closer to 0.05 square inches. In the
exenpl ary enbodi nent, the thickness, t, of the mcrocircuit 22, as

nmeasured into the wall, is preferably of approximtely about 0.012 inches
to approxi mately about 0.025 inches, and nost preferably about |ess than

0.017 '”Ch(‘fﬁGslﬁZ)g]InyﬁgteH‘trﬁi Qfelca&matdezlzn bﬂ@lk‘ﬂ%&lt@n\feﬁﬂ‘dﬁﬁﬂ@ Afrbed4, an aft
end 45, a rst” side 46, a second sidé 48, and a nunmber of rows 50, 52,

54, 56 of pewifactyged p%@&@tfﬁﬂﬂ‘sefﬁ@amea}ecmqu%wltmmmlﬁé@ﬁ%ct|ver, that extend
between a first wall portion (inner surface) 65 (FIG 5) and a second wall
portion (exterior surface) 67 (FIG 5) of either of the sidewalls 28, 30.
The m croc[OtZ&]JiThe cﬁ@li%kmtkcwﬁﬁlémbcsﬁnh&im@ncdmﬁ Wl sneflack aerchs{eanand af t
end 45, a(g V\%%el in the 6ad|a directi Onﬁt?)ﬁ ween |tst|rst si de
46 and secthdd ‘A%‘“P’i?l‘@f““boﬂe PYE 6 IRFEHEN thPSTERY % i r st wal |
portion 65uafack ar8a R&Shid MOEShupreaXdhaRlagd the vdlesuithde cﬁ”rpdefék"ﬁed&fmﬁobﬁaems
mcrocircuit 22 to provide a cooling alrflowpathfrfrg}lthe vity 32 of the

ai rfoil 26YPKRly ?‘ﬁéPy hivalf BEfaFEEFe't‘ CIQ?T 00 squareipehesy Zhds t hrough

the secontey@dim@fthé @itkBdss A StheRE@odiRuit DS, as HeMAITed RRANS aldliOpre fbrdtly 2
cooling airflow path fromthe mcrocircuit 22 into the core gas path, G

out si de t hef aparoximaiely Fpput R0&2 Brehescappproximaiely apoirtdPT/inghes e @9t orwar d t o
aft al °“8gr§fe¥q§mﬂoﬂﬂ ssQﬁanf‘d?@lﬂQElﬁ sgas flow, G although orientation may
an

vary to s application at In the exenpl ary enbodi ment, there
are two race track shaped inlet apertures 61 that extend | engthwi se in the

radial dir is a
sl ot exte @S%jgoﬁ’en]ﬁ]n%o\%\?‘gjéteilﬁﬁ k(zgs%af%&jédl reé%rll %fpngndTﬁ?e(htg?g%F g?yesegﬁls h,
Lin, of thedd48,ehd amanmamo’ém“fijsm 52, éb,oisﬁtof(poS]QEr padesials 60VM62| @, t6ﬁ,658l engt h,

Lout of the exi rtu 63 1 <zl ! | ary
o oot 1 odetpSavey R E el o ot Horlon (el AFIES g RIPT) Ll SUGP

[1 es pec'zi t Q»T]hporﬁo?tekr&god@siggﬁ) ﬁan]EIICT :wob&trherfofttse siddwadls @8, 30[ (3¢ pidtheraugw 50
as pedestgls 60Q fo ubst antj a as, el at ectan ul ar

cyl i nders. éﬂ@g‘gﬂsggweﬁw Oﬁ"a\%ﬁ'ﬁf 4 rﬁ?gga g“ﬂ‘ég 2f%f ct)ﬁet he row)
of about Ora@ADdlreEkbriL bddén s FiRELES46 ﬂld\/sbdinh smems( maslureqﬂnmerspeﬂdmul ar to
the row) of about 0.020 inches, a pitch, P 1 a]t%)'= g ? i nches and a
separ at i orfhreggh thed-fmaﬁéltﬂméf’"(ﬁfcﬁnpr'n%ﬂ’ﬂé’é‘oneldrﬁo’b‘l"lz‘&ﬂn‘o éﬁbef”id‘1 FTHE the

on-center haddlcusPRG 1Gvilel ¥RARg bitfow ﬁHQ&H mecm@eﬁt@k@ A aine thew. The
spacing is defined as the length of t pitch, P, mnus the |ength of the

di anet er, MicHICIcHiE2Hetie 8tibtpert R eﬁ‘&ﬂﬁ-’o‘htﬁ“g]ﬂ the spernd ral| PORH W PFBHMAE SN t he
row, L, t Qht RSwRid &8 94 Providitig 4 BSolh@ WrAGH bAR $rofh the microcircuit 22 into the core

gas path, G, outside the wall 24. The microcircuit 22 is typically oriented forward to aft
along streamlines of the core gas flow, G, although orientation may vary to suit the
application at hand. In the exemplary embodiment, there are two race track shaped inlet
apertures 61 that extend lengthwise in the radial direction. In the exemplary embodiment, the
exit aperture 63 is a slot extending lengthwise in the radial direction. The exemplary length,
Lin, of the inlet apertures 61 is about 0.025 inches while the length, Lout, of the exit

apertures 63 is about 0.100 inches.

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

respect to the cooling design and the benefits achieved.

[031] The row 50 has pedestals 60 formed substantially as elongated right rectangular

cylinders. The pedestals 60 have a length L1 (measured parallel to the row) of about 0.040
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percentage of area along the particular row that is bl ocked by the
pedestals, or referred to hereinafter as the restriction or blockage
factor. For the identified dinmensions above, the restriction or blockage
factor is 67% [032] The next row 52 has pedestals 62 al so forned

subst ant i aldciesas wedi® n%isd’riacﬂ endRGIaARGHE AFw)GY hbdigle.030 indhe, PEUBSPRIo$ of
this row have |en th, of about 0.025 inches, a wdth W of about 0. 015

i nches, a phauef.06 ECh@fanﬁlﬁé‘éﬁar@mOGSl% of #hone® 0hiackespZhepijch is defped gy the 4oyt
0. 0365 i nCFf%entéxnracfl ARpSAFIBREN ORGSR odedels wARH MBw AT RAtRg is

substanti a and The pitch P2, however, is
subst ant i ati¢f“y1eti e the dengtiasS tR pitghdP, tnheus the b:ggérof HieslinmetidP ef @P\pe‘éﬂ;tal ofhephase

so that the st al s ar e. A row

tch Ri T8R! Thgapet gurssio aae Heetdre B PRETA oBlne o dRheld,

i denti fi edpercintEgesif afna aﬁ:h@‘ﬂ&,patti‘d:&lafﬁ&tmhnk blookalrbylthopedegyas, foacetfmcd te 42%

[ 033] The pext row 54 has pede | s r st an

el ongat ed P§THiRE terr"'é&%fﬁﬁ’&?tg’l" fof’ & %ctor-rﬁgrtb Hima ‘?féﬁ%ilséb SH)&?/% ﬂ%nﬁ’fh L3,
of about Oreggﬁnb;pgm&kagem@}hm% of about 0.0 15 |nches_ a pitch, P3,
of about 0.0615 inches, and a spacing, S3, of about 0.018 inches. In the

exenpl ary enbodi nent, these are substantially the sanme as correspondi ng

di mensi ons (BF] Uife fR¥4ca2s A ﬁtﬁrp%@éaﬁ?s%z J&%tfoﬁﬁmh@étﬁinxn)oa&telai‘ga@ba@m so that
each pedes 64 is 1 med ately behind a gap 72. A row pitch , of about

0. 033 i nchesstahguleieeytinddre Thapedestadnef this ke he)wplsrxgﬂ! Aer %fa@he'&d’ G2 mthee AR . For
the identifi &0l OERSL Qﬁ@g@ Q%E 2 J{.j[l?ﬁ P2e5t dbbfitd. 681 5cheddndGKRSRichass, @F i s

42% [ 034] e next row as p stals 66 formed substanti aIIy as right
circul ar cy&qundéﬁés mf:hcsdi[rathetcemplm ewbodibsnt, L. 0d (V2 irpbpbsubgiantigly P4, of

about 0. 03? ert %I_tel @Ppﬁ%rgﬁgp %ow%t'cr Q%‘angal%ﬁT §arf'x‘feh§%l anfl tﬁehe

exenpl ary enb han t e rectargu pedestal | engths.
Addi ti onal ktyggetr hleo pmmp:lbte%ut of gm'.ﬂ doghattiireqredpitals hdgre Géncriﬂ'e' behind mssopiigd and

separ ati on d % BPHLELRE IR PIPREAL B8 8h e 56 390 xal BEtadAly (he

row 50. A etween the row and

row 56 theggmheians ithve, thd@sRitias bRRkageFanotihe2%dent i fi ed di nensi ons above,
the restriction or blockage factor is 53% EH 1 1037 8 [035] The next row
58 has two pedestals 68 each having a | ongitudinal -axis 71 through the

body of thg3spdesd @t fwchu kRPeddsB al® f@&ndﬂkheﬂ:dﬁnallﬁastdlm;gﬁadmht di recti on.
Thus, the pedestals 68 are elongated in shaﬁgmn t hgog g dir 5 \ggn and
are al i gnetfc\inetar aylindses 1 TheRedest v lgye gty apopt 0y inghesyq ¥ % dest al s
68 are sepgf HoGth.BYs RcdPa fikth! PRbf hsouf@DE Fsihénés,aint G RR~INS) §4) of BBout 0.018
inches. In the exemplary embodiment, these are substantially the same as corresponding
dimensions of the row 52 thereahead, but completely out of phase so that each pedestal 64 1s
immediately behind a gap 72. A row pitch, R2, of about 0.033 inches between the row 52 and
the row 54 thereahead is like R1. For the identified dimensions above, the restriction or

blockage factor is 42%.

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

For the identified dimensions above, the restriction or blockage factor is 53%.
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exit aperture 63 in the forward end 44 of the mcrocircuit 22. The |ength,
Lg, of the gap 78 in the radial direction is preferably no greater than
about 0.015 inches. The pedestals 68 have generally a protrusion or apex
76 extending outward towards the exit aperture 63 to which it is aligned.
In the exenpl ary enbodi ment, the length, L5, of the pedestals 68 along the
radial direction is about 0.079 inches. [036] Thus, the rows 50, 52, 54,
56 and 58 HEPé Bbenrexdrycd brsdvabeszetalafd eadvhioving ajerastiilingl axigchithipugh B9 t he

mcrocir CUE%d)ng tﬂé e!flega sﬁchhltxt t?@ﬁ\% 'Pleexqgl%iq%&g gddmh Qﬁl:lloJ h’?hlfs ﬁgﬁ:)e&cgﬁlléo of

pedest al s ar e s ace apar rom one ano I'n a patternt control s
| ocal vel o68tne em]rgammumlmap@eshd rafiier difecglorsqerase ajrgnad wuh)diewng apérturds| Gvis ng

t hrough th QG it 22, is dispersion r in formati on of
wnkes Jand PirePbdah fal bedesies bk aebiRicd B Rubaf thayS corieli Biards VRLRY
pedest al s et agettuftf 356 thedorvairdg@erdast ufer:ﬁmdchempezlemeaérsgtrﬁzg, 6ifthé g Ban

Li kew se, the (gedestal s 64 of row 54 are offset fromthe pedestals 62 of

row 52. plidlshireriqRds prefesablxnogreatenifiytbost Rl ‘Fi'&'icst hBg edeials BB af%nt i al | y

no strai ghgedem@ ARSSRAIR ortaﬁgx%@atehbﬁg BlGFaRE idwakls theZekit apErnirb163 & WhiBRESES
t hrough the pedestal s 62 and 64, the wakes are reduced for a nore uniform

f1 ow di st rissdignesh In ¢ exemplaty embodimenhtha Jepethide. pbthe pedeptals £8 jalasp yhe mdip)

restricti OHII‘éC@]%B%E\bQII(d@@)B&I\é? 52, 54 conpared to the rows 50 and 56. Thus,
the rows 52 54 serve to mnimze trailing wake turbul ence and provide a
progre55|ve transition in wakes/turbulence within the cooling circuit 22.

As the al { (@D D B s B8 53 a0 0. pdeliercBbl I B IEnE B

i ncreasi ng the vel ocl and urn eat rans I's noted t hat
t he row 58chirved by gmemt:mc:rctmsnrqfﬁmﬂqwﬂhmvobe didﬂaibetlhe rows 52, 54, 56.
Thus, air flowinto the mcrocircuit 22 is distributed without excessive
pressure drop and in a manner to maxim ze heat transfer. [038] The

pedest al s AB7I 'ni:mﬁrzaotvfﬁ@ ofpldestalsroategpateg aphwe frovrdma laastbe imf pateen diat as it
passes throu imzati wake turb%lence

D e ot ity 16T PSR, i ensttnerrliiend Hisherriop SEFnls i Bov R douET It ¢ ot s

heat pi ck- thsrodeuit22. Thiks dishersion Eesul‘dsilh@lﬁﬂﬁﬂnzﬁfo@lﬂﬂ@akd}an@ﬁﬂmkﬁl}&aﬁﬂck if 1S
uni formy di strlbuted through _t he exit apertures

3. 11037 e use
of slots f¥pthinhe egoling gisruitagy dge B%deﬁfgsﬁeweaqf&%wg?@%ﬁef tﬂi’repeélF%lalég?ts t he

slots, a sgfhoraMifikdwid)liRpk&dstafcaldteowBl hredftstithdm thépededath 6TUfQow 52.
the pressure and suction sidewalls 28, 30, (FIG 2)

fEES'efc't fsle"lfge repRecHYOiEspisdre epRugh suehhaptersdt sibstagialiy mevEReN NG RaseEs eaki ng
g(rjvg:’] f ggg;ﬁ;&%ﬁ AR ISEAIED AdBe EX bhss@PRIuPR TheGdestls’ @18, the wARds are
reduced for a more uniform flow distribution. This result is achieved due to the relatively
low restriction factor of the rows 52, 54 compared to the rows 50 and 56. Thus, the rows 52,
54 serve to minimize trailing wake turbulence and provide a progressive transition in
wakes/turbulence within the cooling circuit 22. As the air passes through the next row 56, the
air is metered thus increasing the velocity and, in turn, the heat transfer. It is noted that the
row 50 has a greater restriction factor than the rows 52, 54, 56. Thus, air flow into the
microcircuit 22 is distributed without excessive pressure drop and in a manner to maximize

heat transfer.

[038] The pedestals 68 minimize the wakes created by the turbulence of the air as it passes
through the rows 50, 52, 54. Minimization of the wake turbulence avoids hot flow
recirculation within the microcircuit 22 and facilitates heat pick-up. As the air flow is

directed around the pedestals 68, it is uniformly distributed through the exit apertures 63.
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the corresponding air jets upon exiting through the exit aperture 63 wl|

not provide uniform coverage of the netal resulting in possible hot spots
of the wall 24. It is preferred for enhanced structural integrity of the
air-foil 26 (FIG 2) that the mcrocircuits 22 are disposed wthin the

wal |24 SUflt,}i {33k EIBQ? ol ém%@ﬁﬁx‘é# &% ﬁ% re%ia%tds As@ﬁe%lrr\ﬁtits aelstdeqigar . [ 039]

Advant ageous ositronin edestal s 68, as descri bed above,
permts veurylfonycﬁjnh bmﬂcetrqulgp \Edh24f (ﬂlGofi) aﬂdenaﬁlspfa‘!flcﬂ]tly R pressurhamshgyhtiathe exi t

aperture 63, e he C oI| gap 78
and ar ound® ?%”gﬂ?%gée& (Q}Ig} @8’ %’Ygtévee &R lev?l rs S théée%é\%g%%&ég étglag% 48.
Thus, as t&raking\er discrol by A thivighigi em\apeﬁﬁre @ar&uemmng fsenof 4cdyantagdobs pass

throughthe gap 78 while the remai nde f the air ass_ar
pedest al s @8CO‘Z‘&’%B““‘E‘W“Fﬁl@oﬂ\ﬁ’ynﬁﬂg‘ élFFo‘Wf aBV“{r%i A r?fcfvhé) goml 1",

of FIG 3, dvbfieRbf tht v Felaﬁmugkh;sdaﬁbl%bt spoBREitieUs 81 B3 Ii 1§ preférfearfod y
distributed. The center streanline gerates so as. to nOteérﬂ“? 1 th

st r eanl i negnbanded sanetuigkisieaHty Ry de %"504 e Bl fighifithemicrpsireyifs é‘?s?
visa versag;hus, wvaﬂ DL qfeh 'l;}ﬁ'f‘{h%tekf?g Sfurdshe, fedes il ot &ngrm t f1 ow

strai ghtening e ensuring accurate metering control with the result
being an inproved filmcooling and effectiveness. [040] Referring now to

FIG 4, an[{?%%i)eﬁnvaa% &eoglg@dfhgggéitigmé &q{l%&fe%ﬂs 68 Ws ges%gbécﬁab%b@??rgnsueﬁf

reference ers an I oNns various draw ngs in
el ements. Fdvd mévrirgantraluif thezar asfit ¢xivs shrahghahmextit apertarbddMesntpetifisaltino exi t

apertures 3adthr e inlet pe t

m croci rcu?‘FC otfﬂ’fv tﬁ’ rtjh ?/\HJ df]aéw dt-hr@f dg{iﬁ‘g@ g‘éés/cctrglq%qgﬁ\;\n%ta h
respect toseh&m ﬁmlmﬁn@s demk,gi daentbve hen&aaefhrch@hamhﬁ@\ped of the ftdwewillpestpl ary
alternate I ment , ere are f race track sh p es 61
Ehat " oxt cIREPIER R HR7Ser KR detempagrratt v oepl B arfRRCp oot ¢BERIbRCS o5
pref er abl yihgd \Ozhsand&ls SRowrEbii e @tkdagmlnaﬂgtlhw SEFIN 31; the air ddvahrodigh detekon. The
exenplary length, Lin, of the inlet ertures i s about 0.025 in ﬁnh

whi | e the PREFYEE3 ip busformby diptpbuted Thelisaier EfFf’é‘E‘“B% PRETARDIR 2530 RYPTRE

[041] The WLhBatS Cibh chisil@svdr WWiBfre W1k th%%t:rea%ﬁnﬁi 1'padeshak®a.OThPnst S 90
92, 94 and 96, respectively. Row 80 has pedestals 90 formed substantially

as r oundedthe ofigrigiionzaf the nedesiaia b permnfiqunereightening While cpRiEIg areurafe Fefebpe si de
100 t hat 'éonﬁ}o%hﬁﬂ%%ﬁ.ﬂ% 9,@@9r,ﬂiéﬂoyednﬁrnp@amgh&h@aff&@vem. flow direction

and then a generally roun eﬁ coverging side 102. The pedestals 90 have a EH
11037 10 nmpjor axis length, L1, of about 0.033 inches, a pitch, P1, of

about 0. 05f b SRESAT Aol (3 PRS 14160 ayethate GhodhiRt: ol HicrbORD2 id iRwiow 80

encour ages sper5| on 0O e cooll ng alr
Like reference numbers and designations in the various drawings indicate like elements. The

microcircuit 22 in this alternative embodiment has two exit apertures 63 and three inlet
apertures 61. The exemplary embodiment microcircuit 22, shown in FIG. 4, will now be
further described with respect to the cooling design and the benefits achieved. In the
exemplary alternate embodiment, there are three race track shaped inlet apertures 61 that
extend lengthwise in the radial direction and two exit apertures 63, preferably slots, also
extending lengthwise in the radial direction. The exemplary length, Lin, of the inlet apertures

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

[041] The microcircuit 22 has rows 80, 82, 84, 86 of pedestals or posts 90, 92, 94 and 96,
respectively. Row 80 has pedestals 90 formed substantially as rounded triangular-like shaped
cylinders in that there is a first side 100 that is flattened and generaily perpendicular to the

flow direction and then a generally rounded coverging side 102. The pedestals 90 have a
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flowng into the mcrocircuit 22. For the identified di nensions above, the
restriction or blockage factor is 52% [042] The next two rows 82 and 84
have pedestals 92, 94, respectively, that are forned substantially as
rounded right rectangular cylinders. Pedestals 92 have a di aneter, D2, of

about 0. 029,813039{1??@%@, BPagabsh 0933 amcsapguéh, 91,%%_@0&{@@39%&&%%3%5&@, P2,

of about O. I nches. 'For the Tdentified di mensions above, the
restricti ofil,of abdus O0AY enchesc tThe row 86 7adouraedletstad Hispggion af/ide goddingsidst er, D3,

of about 0,020 inches.. g s i . i fRd a pitch
P3, of aboft}?ww.gérggr&fend&'ﬁ%’&ragg%f? R%tﬁgygﬁ{lﬁﬁﬁﬁg%?ﬁkggghg @g%g@cg? tB e
restricti oblookagbk@ekagss%actor is 57% Pedestals 92, 94 are generally

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

passi ng therebetween. The flowis netered by rows 82 and 84 to increase

the flow VAJ4QFi The nekO& roRe D ehdiss MvabedesaRY2, SQLspatioals] g ardfoahatl heat
transfer coefficient. Thus, the concentration of pedestals 94 results in a

hi gher r estibsapgiably 2 seunged g rectangulaegydaters-sPasgstpls 9¢ Raveraglipmeer Pev] The
last row 85,88 oboMhcRRILSadg, S0 olRLED 6ABHnMRH SRt ApitcAOPI, Bf Mdudness Wi th one

of the two respective exit apertures 63. The pedestals 96 have a

| ongi t udi nachesx iFer B identified dimersiens abve; Hie resirifitigh o blogkage &Hstor Thirde: t he
pedestal s I &g'??- ' h ' [ b 58CLH .85 OFAGEH
pedestal s ggde%g 9geh&rzler a lﬁﬁeﬂgﬂagb?ﬁg?torbhﬁgﬁnéhgg’fas 7 ext e'n'diang ‘out ar d

t owar ds t hinchesspeict pitck Péxoftabawdkd30riechég . Faeaehideritifie dinprogiens atoxe. 9@ | s
generally centrall | i t I I In the
exenpl ary Eeﬁ%'(gé?rh%lynq]?&f' %cgf‘)’?%ﬁ%g@isﬁ%diﬂr%g S'Ea?isﬁg% ﬁ%ée%fgéh%){‘ @tﬁ%{e&%@%@g{?%l S 94 is
about 0. 10fkldtive kesach phéddndans to inker thews fBY, pa8dng Bdrebeteedt Hrvlovoieen

descri bed above and n t benef | t chi eved .b h ] ' it 22 of

FIG 4 wil Pcﬁﬁ%hﬁéc’ﬁéggﬁggﬂo RN o] ﬁl?ﬁlg’wf‘fcroscfty’r]?)%l 563‘89 Sgﬁeu escE g’i'Hs 90 are

spaced apatdrdspadirainkhar handalify ecdfiGbmpFhas thedoseniriian dipeddsnbiddve t hat
controls local velocity and encourages |atergl .dispersion of cooling air
fl owi ng t hiesHEH™ pRhighgs F‘B&E‘%fﬁftt” ‘%2"9 ‘?'E\PE ,5‘3[5%9 ‘bé*&ég@ios 90 ninimze wake
tur bul ence. The cooling air flow inpinges onto the side 100 and is forced
around the edestal s 90

g by the side 102 thereby re?hﬁi ng t rée wake ffor med
and avoi di H3hotheslasrew BB Raniyo Refestahethorhess cachpedasial 19 janene !W‘{%Q!’é]c’ The
pedestal s %%,twgéevs\ﬁécuw.@xi{\@ﬁ&hukx\@3.r PHSpeBesial 896 Adve a3bB@@ihxi¥ dohthgiel ation to
each other and th respect to the pedestal s:-90 of the first row 80. Thus,
there is sedetdsin thglradjalgirection. Thus, the pedestals 96 are e]onggtcd in shape in the radial

direction. Each pedestals 96 has generally a protrusion or apex 97 extending outward

towards the respective exit aperture 63. Each of the pedestals 96 is generally centrally

aligned with the respective exit aperture 63. In the exemplary embodiment, the longitudinal

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

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

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

[045] The first row 80 of pedestals 90 are spaced apart from another and have a shape as
described hereinabove that controls local velocity and encourages lateral dispersion of
cooling air flowing through the microcircuit 22. Also, the pedestals 90 minimize wake
turbulence. The cooling air flow impinges onto the side 100 and is forced around the
pedestals 90 by the side 102 thereby reducing the wake formed and avoiding hot spots behind
the pedestals 90.
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straight line passage through the mcrocircuit 22. As the cooling air
passes through their rows, the wakes are reduced for a nore uniformflow
di stribution. [047] 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 n'Rln ges onto the
pedest al s B@6hndhg pedetaled2. 84 cAths syt ‘Mﬁ‘éo‘tﬁ%@e&‘&l‘fss“tcéeré?(l"“t fHARTGA £ e

Correspo ndbtrﬂgr ﬁfﬁ' With r@ﬂ)%&f}lb' El'%dnggestdﬂ §(Pof thdfi Fshttﬁv g@yl'tﬁlg Qhe}@ is%hgé’tﬁhtllﬂﬁy hde

streamnl i nes, 0, n streamine O provid uni formfl ow

di stributi sn'mgiuﬂme pasmgghhrph@ thx nncramettaEeAG@e cPhiang alspﬁtﬁtﬁsélayl,lgltthef

strean i nes | Et CI O3 e\T(/ylf hartnhee usntfroIm Qjes%-nbgnuo nd visa versa. The main
stream i ne™"5: ! el“f %“‘('T’tret PP R 3dir own in FIG 3, is
generally aligned with the center of the correspondl ng exit aperture 63.
However, in the alternat h’v&ﬁenbodl men{ t he ned with

the exit ald7lupdvagtesqns ROSIEEng Bt 18 P?‘&?Stglf’gg %F%:ﬁ'g‘f%a vaf e"m e

pedestal s 8&d A&EHRRATEIbS R dddBn %it hs idpafsttroegttBe reéﬁecﬁu@.éun z*q:hﬂure 63.
stream i nes, as they circunvent t pedest al s, ar & e to exit thrtﬁggh

the exit ab@rﬁt speeifically, gnihie coqling aerpiaeﬁt %ttquehr%\fs §2p0 &édﬁ%t*&tl&?*“% P

flow strai ghi-enisng attﬁwtis'd%ea@&%hﬁtgmeseae@emo BBt AFdu2B tRQBiEQonding bxit he resul t
being an 1 nproved I mcooling and effectiveness. [048] Thus, the al r flow

i s direct etpeapbid Alkm ﬂp@eﬁeéftYaftﬂs‘ agshovin by the girrambpes, . bl s s Hein spean! HEough
the exit BF(}VXie:??%%ﬁIfo@ﬁo#%% utiSh Bﬁﬁhr%géh &Q@xt?é‘ﬂéﬁu%r THLES (Pshyl the NOW

appreci at ed exlt e slots, a uniformfilmblanket of the
wal | 24 ( FétBamiines adminotoraes wpb@hefsucahlu}es 1t tre yisaoesar dham@instieanbiee. §i dewal | s

28, 30, (Hi p,3)of e té'l%boﬁlr*{nt ki CP'F% eflys é@ Eﬁn){(hhﬁued %ﬁ%&hér 8bumer event

fl ow streaking or r hr ough It° apertures 63.
St r eaki ng cmdapmnda@mntapgemu& aHowher,omrheehpmmemb@ﬂuﬂqnetl@ m@male% ¥ENg

t hrough the. exit . ure 63 rowde [ tdae
netal r esuiﬁﬁ“ﬁﬁ wi a%"é‘é‘.asf’%“fﬁﬁ“s‘éc J zgtubfma-'?me OfH’\Q lé‘%%{n I%%?g]@%r {g}srggd f or
enhanced sireuﬁpwé@{o thétéﬂgarpettyrecﬁta tAheueh ltfemrbarﬂlﬁ"leéﬁls&eyZ)rCllrh‘mnt thee
mcrocircuits 22 arg di sposed

aper tures BHSSES & feslo céttéh"ot‘l%vt EB’f‘F?R‘?é‘H 3Tﬂ§"?3§tfe°§t°3r?m§% 3dc§t31rs ve to

mnimze toe Mﬁkﬁ'@oﬁn&t’gm"@wtlt&n&w@%eﬂﬂe miefering ientadl withghé tesmammgs
through the rows 80, 82, 84. Mnimzation of the wakes avoids flow

reci r cul at MOWIRIPYESiTAMcREling B SERFIENESS22 and facilitates heat pick-up. EH 1
1037 12 [049] Referring nowto FIG 5, additional features of the
mcrocircuits 22 (FIGS. 3, 4) of the blade 27 wll now b % Sd FIG 5
shows a cr 48] sBhusi theair eivdsdistctadasousidahrepedestyls 9 ilds upiformly distribute

through the exit apertures 63. The use of slots for the exit apertures 63 is now appreciated.
As the air exits the slots, a uniform film blanket of the wall 24 (FIG. 2), and more specifically
the pressure and suction sidewalls 28, 30, (FIG. 2) respectively, is achieved. Thus, the
pedestals 96 prevent flow streaking or discrete jets and through the exit apertures 63.
Streaking is not advantageous as the corresponding air jets upon exiting through the exit
aperture 63 will not provide uniform coverage of the metal resulting in possible hot spots of
the wall 24. Itis preferred for erhanced structural integrity of the airfoil 26 (F1G. 2) that the
microcircuits 22 are disposed within the wall 24 such that the exit apertures 63, or slots, are
not collinear. The pedestals 96 also serve to minimize the wakes created by the turbulence of
the air as it passes through the rows 80, 82, 84. Minimization of the wakes avoids flow

recirculation within the microcircuit 22 and facilitates heat pick-up.
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with nmultiple 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
sidewal I s_ The bl ade 27 rotates about an axis of rotation 98. Passage 32a

has a geongjsbi CREGEMHE how %o FIAISOMUNiMI fehtuRs 6ERE AibloReuRs 22 (FIGEVS, 1§ opike 'S,
124, passes t hrough such that centerline 124 is Eerpendlcular or nornal to

the axis oblagethvilorwvo detatfedi Fir ISyphowas eragreseapanahyis™ #f fediade 27 f Ekhier, C,
through thvftn nﬁlltﬁ%bﬁgdgbgflgg’] dﬁngfa%\%&%h @)ﬁ}ess’epajrgt@d bP ﬁﬁ%ﬁ%ﬁﬂfy%&hdnﬁgc h

t hat centerline I'ar~or nor nal axis of © rotation 98.
It i s not epartitiat wallsapebot 16 wWish pmbspa;}egtﬂ@ame fmi@nd QECpaCi@l‘idédll%\rUOB@aoﬂle are
for illustrative purpo d for r [ S. nhot ed
that the cBYtEH qnﬂégw%ﬂ‘, e‘fﬁlg‘ e daa? T it Ehbo % aﬁ(ﬁ ecggétrgg&'?ngd %ﬁ%ﬁ? on

si dewal | s 28 has@.gediietfiE t@n\zr,(E{thnongh whices céxherhndo:rcetmtdvose ofs, 124, phisen. It is

also noted that FIG 5 il Eéﬁtes recr)%ﬁsentatl e trp;l Cr.ocj I’Cl.llt? 22
embedded W #He svwethﬁrcs%tgwa Iy PERERT YRS AR Fhe &S SHFORNGD PRe

cor r espondgigiary! Mksag@ BB hdd 2@8odiria céntC Cirodh Whith afcenitehine oemircan@eed
detail ed bel ow. [050] During geratlon of the gas turbine ?n gi ne,

cool i ng ai #xif.|Ig0i nagees HEpush S}.‘fd’s‘ %[@é%‘er"g?éz%‘s|P§TP§'Efo'€%’t°éB° P ﬁhBF’é}fP naI

force. Therdt:ﬂfoﬁ@%(:tll Qﬁ\.o@ﬁ rﬂab%abéléf @k phds¥ DhEQHIh PRASRBEED- t321%‘f6r and this
rotation results in i's known asa(f’or|0|s force which cre

i nternal filparatoe Pempﬁi Burthen, apd Serdgjergelzoce it inaeied Hiaf the C?‘H@“Eﬁ‘fr]@éi 12 force
I's proportiong th{og ﬁ&%ﬁ}/e%ﬁ}r@ﬁnd:sru%cﬁ) s%e%HﬁES ap. tmm’(ﬁ{' qg ifdfca¥GhOr Of the

cool ant flow n assage and e angular velocity vector of the.
rotating bﬂlacd:aon bmmiemthhszyso nqtedmtlFI@eS Aﬁypﬁr@@uremreantaﬁm migreciEBdy 3hg air

f1ow through Lig, &ﬂﬁ@%@é&%gﬁ% %&;P%tdﬁg&lﬂ% PfHaahd o&e@ﬂ!@aﬁﬁ. QhreOut war d.

[ 051] Referfrrng now "acenent o he mcCrocircuits 22
and nore wmre@lﬁllaird»yhitmmllbdfetthapeplhiuc@@uﬁtbd(bf:lomth errbodl ments as shown
in FIGS. 3 and 4, within the wall 24 of the airfoil 26 (FIG 2), will now
be described. FIG 6 is a partial cross-sectional view of the airfoil 26
depi ct ed i sbi Ci)uﬁngsditﬁmmigoﬂthégﬁhibﬁne&ngﬂhéItbé cdbBigg aindoivirigahsidppastagees 61
a-c that feed the m OCII’CUIt ctional view
of the ai r?%T‘S’ZBbJe‘a@{) BRI &1"@ %e g‘fﬁS “ﬂ‘égflwgr%éaégl tﬁrou%%asérgﬁsl nl et
apertures &dy-@afs chRFbrafi@Edslfd & whALGY RfPwhGl la ICrofiDfide vﬂﬁc}saemcs interaGBow6 and
7, the direction of the flow circulation is dependent g‘gﬂ?&f— he direction

of the radfiEulatiopip passages 33gfe Batisally; the Corigh f&{ws HepPd the X8Ff S

i nwar d) . FBIrOd@t of the 18R ditylvkctdr LbEgk c881hM RoRsHABRRASH tﬂefﬁssﬁg@iﬂdﬂge #igilakl ow in
t he passage 32a is in a radially outward di rectlo
velocity vector of the rotating blade. Incidentally, it will be apprecxated that the cooling air

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

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

microcircuits.

{0521 Asseen in FIGS. 6 and 7, the direction of the flow circulation is dependent upon the

direction of the radial flow (i.e., whether it is radially outward or radially inward). For
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with respect to the centerline 124 (i.e., toward the tip 42, FIG 2);
whereas the cooling air flow through the passage 32b is in aradially
inward direction with respect to the centerline 126 (i.e., away fromthe
tip 42). FIG 6 depicts schematically a pair of counter-rotating

circul ati ofigsidife ?h‘l%oé]e@ﬁhg &M dir Mo wlif eheGAEdaRe B2a if BT £RdHally bk aRPERRAEH 322
whi ch noves the luid fromthe suction sidewall 30 to the pressure

si dewal | 28ithfrspesatithe eenieshpt E4el-e-hewaed e tip 42 18R 2% whersitthaseolingp, 7
d t | d 110
epi cts Scﬁﬁggﬁ EO@ &%’P&s EAIN m%Q}Hy?&lgf m\';vgltd%ljggtg) %&Fﬁé LR 9% Cﬁ.mﬁin%“

created by orce Int assage I ch ‘noves t uid from
t he pressidtgisi aewafrdm A tpd2)hEIG Halepwrs sshmlmmhlly zslﬁhlmfdommomongorrpl ete
the circul ati t he 0 ude o oS i nner. wal | s
EERTYRT: AL I i e R T S
passages 3flgid€ronl the GictivAlsidewdll 20 to]tﬂéprafsﬁrdb&{eﬁvaﬂf%fah@bickbﬁ cd:ﬂﬁeﬁehl&t

partition the cavity 32 QFIG 2).. [053] In the ex frjrqpl ar\é enbodi nent, there
will be a Prylaprtipopw c,FrIQCVF’%Ri?tf gchz@afccrél'z;a Pgiy 0 QR S PIAteTSe

pressure apgh sndatib efRarl @?‘ﬁﬁl Cétiolid Borce3@ thd RSNGS BIY Rhikh n‘EbUést the Fluidifhen thel et
apertures 61 of each of the respective mcrocircuits 22 are positioned

codi r ect i oprasshie sifetmall zﬁé%ﬁ’éétmtto@ sidawald 30 prdchack & cmplgse B clet aqmoFech Oor t ex
pair) 104 gp g?&gﬁ@s al%Qﬁmﬁfa@ oﬁgﬁlmm%ahyl 172 hes Rf o theufe? m&.&hgadéms

cooling air ng through “respective passages 32a-Db. way,
t he count €28, BBsati edomi the phssatas38a-¢0IngnvalisOd 2. HiEgreapmt af e nbﬁ lllﬁ tb‘ré

enpl oyed t estion of the cooling air into the inlet
apertures I%T?I? d‘ﬁé V“yt3%gﬁld o OCI rcuit 22. It is understood and within the

scope of this invention that at very hi gh Rot ati onal Nunber, Ro, of

appr oxi mat ter Lre§ Within
t he rot atlﬁagl g‘g ed‘gglpﬁﬁ?éerg{)oacﬁ'ggg‘a 0\%(‘3"r ’Qﬁ%af’ ur%i gfral\é\go(‘::'rrg{) ?ﬁb(gﬁ%v?ﬁ t he
inlets ar edxipbsélewpmalma fasdreiand swdtioh bidewBNIE 30 asspdabelyi. Rudkher deaénland i n
further detail | o ke advant age .of .t Cor.i.ol i,s f.orces he
el 1 9 angrirgs 1 Shtschol B FesmevRmgBT Lt B arsoT O SodFE ST M o o
that the plegeei®ife @unieheothig@irc@R®ins (WRex Bdir)(4lind @6QA08 atid] thaugpdagsur e
and suction sidewalls 28, 30 will_depend on the direction aof }2‘3@@1 Qol i ng

air (i.e.,the &arigh toraenap e CBPIIHWQ@Y@ thpuehthe FepRSC YSRIFRBES 194 1} hat

the res pec\w,)y ¢hel dabiftbr-ARAINE WirBulhonk 104 ARM 06C AIBAHRI1GA.WA 'Ibe\é&ngl'byea- R &sik@at ure
of the present invention wll be further det ai | ed bel ow. 54] In the

exenpl ary Geiraastieaef theiroplng Heinkobs inirg 2paraNesitd aunamtfamcymeﬁ%w'd? - dtis
provi ded i f.ffR4GRP WiRS R @&%gg@f tﬁg"i’n\/cﬁlll& th)at véx@% h@&&noﬂ@l@ﬁﬁrﬁﬁ&%@%f of

the respective mcrocircuit on the suction §i 30 are positioned
t 0 corr espapbximataky ahowgrentasthandt 25, thare raal] kedwetvortex P"tﬂﬁe'ﬂmilfb@ﬁﬂt@l@nd anay

froma m qgdli¢ 00" Al QflePbdvB EnPRFRAUR sFH3d BLIbY Etn@ thidil'Sre RS 65 5dkitfoned in
similar manner as described above and in further detail below to take advantage of the
Coriolis forces on the sidewalls 28, 30. The Rotational Number is known in the art. Itis
noted that the placement of the inlet apertures 61 with respect to the pressure and suction
sidewalls 28, 30 will depend on the direction of the cooling air (i.e., radialty inward or
outward) within the intern_al passage that the respective inlet aperture is in flow

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

[054] In the exemplary embodiment where the cooling flow is radially outward, as provided
in the cooling passage 32a (FIG. 6), the inlet apertures 61 of the respective microcircuits 22
on the suction sidewall 30 are positioned to correspond to an area proximate and adjacent to

the ribs 116 and away from a middle portion of the passage 32a while on the pressure
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Elf-] 1037 14 sidewall 28, the inlet apertures 61 of the respective
mcrocircuits 22 are positioned proximte to about the centerline 124 of
t he passage 32a. These positions for the inlet apertures 61, relative to
the pressure and suction sidewalls 28, 30, will thus be codirectional wth

the Cori oljuswIPLE @ ihiREAR Gres b Pobthe tlpdchik€ mi@BARLItEIhré Bsitidndlt pafximate
reasoni ng as descri bed above, in the exenplary _enbodi nent where the

cool i ng 1 twabioyt thaekradrlige 1 3valile Rassape 324 ddgsa RPstignt ionte prig'ageursedl. (FI G
D the 1l BRELEWRRSE Indluc i dRARE o8 1308w M GO ofitcidnd Zuifiing he

suction si dewal are positioned proxinmate to about the centerline 126
of the pasfagelidirenthetegn.on t he pressure sidewall 28, the inlet apertures
61 of the respective mcrocircuits 22 are positioned to correspond to an
area proxi mate and adjacent to the ribs 116 and away froma m ddl e portion

of the pasp@ge BAlke ndnascanddsd simidisedsoning heddseritet abgper inulteesxefiplary el ati ve to
the pressure and suction sidewalls 28 be codi rectignal wth

) 30, will t uqs‘
the Cori ol fFEbeHmeRs Whees e GoolBE AP IR B ‘@Bé’?/‘%araé%rro?"gf Bfooling RaSTA85A<Y s dr awn
to the factrihed, pduglet Hebhi@s 81 bERE AkpRAvOMidrBErcBCING the slictitn sidwali 31 n t he
respective pressure and suction sidewalls, as represented in FIG 2, each

of the inieposierdmreymete taakout e cprieriing 2Gofshepisage AfWpidt o» BF PEST¥er ent
m croci rcughs, ] S0 i gﬂm}ms bpoﬁh%ép&tiaggﬁ&ocikhﬁs PAFS pESonddds b, have a

1128 _
| ength L an LE_!L, respectively, extending between the first end 118 and the
opposi ng sewmsporgrid an aGa praximite andashgsErtity thegis d 46 Ard-vaxieom ¢ AUddeBIPeR) 1 ow

s radiall g QULARLA 385 1H0QYli0hRBPEHTE I8Gwurbd. JUiSE 1o APBIbHEEMPL Of

¢
the mcrocrrcu e pressure s eV\r/aI 28 that feed the passage
32a are pasiidh sidesalisi28h30 vail gpabe c@litkctiaiabwigh theCoprbsipgedhertidevieipm 8 of
about 10% an either .side of .t inter L O L NE: Wst h
the i nner &Prvf‘ 38%“8?‘%’?%@6 Dgéss%f?%n goll eei?/gﬁthatz@(" U *hpge'{é%ﬁnggé%n g:ilrt%grca :
di stance o0$2 abdintth@Rpafivé presshengd yction sidawaliseas repiegenied ieFlaPerachrofthe61  of

the mcrocircuits 22 within the suction sidewall) 30 that feed the passage
32a are poYVtiABFHEHes &) %ﬁ&fﬁﬂ%ﬁ‘%@%éﬁ#@”&P&E\ﬁﬁ%f}%‘*&gﬂ“{ értcuﬁﬁe i nl et

apertures 61 of each mcrocircuit are within a span, of about 40% from
the first end 118 and within a s

S2,
an, S2, of about 40%qf t secgond, end
120, The + B3bodr sEmapRRIOIGY T M Pprakssare borieadmEtIgandlSl SERETPENT r om
each of t@)ﬁerﬁii‘%be’lﬂ;@en thefrst &R 18RO L obﬁoﬁlr%e&rﬂrtﬁ@lm. Iahsdxedplerpf the
l ength, L. [057]" Further in the exenplary enbodi nent when thipCOOJ kng flow

i s radial | ymberdimens veen tagsnting oy issadigty Qumyard peshPWP &t PaSHRSF af-d° B of t he
m crocircuits, 22 oMd tenitheirSHE bb Wihinsthe piadutdQadvhnt2siieg teddlie PRsmzgea 32b
are positioned within a span, S1, along the suction ) ,

are positioned within a span, S1, along the pressure sidewall 28 of about 10% on either side

of the intersection of the centerline 124 with the inner surface of the pressure sidewall 28.

This corresponds to a distance of about 20% of the length, L. Further, the inlet apertures 61

of the microcircuits 22 within the suction sidewall 30 that feed the passage 32a are positioned

along the pressure sidewall such that the inlet apertures 61 of each microcircuit are within a

span, S2, of about 40% from the first end 118 and within a span, 52, of about 40% of the

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

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

[057] Further in the exemplary embodiment when the cooling flow is radially inward as
shown in passage 32b, the inlet apertures 61 of the microcircuits 22 within the suction
sidewall 30 that feed the passage 32b are positioned within a span, S1, along the suction

sidewall 30 of about 10% on either side of the intersection of the centerline 1206 with the
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si dewal 130 of about 10% on either side of the intersection of the
centerline 126 with the EH 1 1037 15 i nner surface of the suction sidewall
30. This corresponds to a distance of about 20% of the |ength, L1.
Further, the inlet apertures 61 of the mcrocircuits 22 within the pressure

sideval | ZBet fupfacd SRRk {dBoPASSRYES03 2Misotrefposdd th anigthned oot EOPpofbs ur e
sidewal | 28 such that the inlet apertures 61 of %’;h. l[;n crocircuit arﬁ
within a sfsagth kb Fgthen s iplentpogtpies i phibe micreeirqyiy 24 Y Bhin hepraspisisiflerall pan,

S2, of aboyg m%PPéé& {h@%ésgé'e %%%%s%qedlza@ng fﬁ@ﬁrc&ﬁ%@éﬂaﬂ@S%B@ﬂﬁlaﬁh@ﬁﬂkt t he
pressure sidewal |l 28, as neasured fromeach of the ends 118, 120,

cor r espondanestuges 6dio each aricrotireuisgee Wiligaspan: §e. of @bt HO% fom thgdgst epd 118
further nog e&’%g@ aBhAl'sB, def16on? GOR 3 i 1Ec Rl R To, W%&Féme hak alohe

centerline§ t he passages , respective are defl habl e
for any sha:qa@;rasmremﬂamlp%sagyeasuwdtfmnneahrobt}atcndvgl1&1 12100¢drr65ﬂ'¢11§ls9 ait follows
that the pl aceme(g 45%9%{ | et rtures 61, as recited herei nabove with
respect t oSHRBCE r"i‘P‘é‘F “’2151“ : as provided for in the present
invention and shown in FIGS. 6 and 7, can be inplenented and utilized in

connection with nman %qalternatlve nterng# tg)assa e configurati onsg of
varyi ng sht581 + Jis fupBeraoied apd wHapdhe;37oPs o thy Rrgpent 1yeon Uk fhe£ent ltms f1 owi ng

therebet veesy 4% LEME st@%ée§ 38d-5 QesPe@wBlyt SretdbfndbRoior ifyahagehistemanpatgect i on of
the centeriines 124, 12 h the pressure and suctions sidewalls 28, 30

for any i withinfaptagng aiEgy- \’mpq, I‘MWW%H}‘%M@C%E‘@“é?rialeb‘ﬁ’ﬁftl‘ﬁﬁp&taison of the
passage. [ Qa4 Rekig {Jowaume@géc@t&hg&ménaegm . 1268R$rdvidedSolin thaiprdsehat or's -

128 are shown radi a ent to the inlet apertures 61 in the passage
32a, 32b, msmwtandethwn MII@SGS 3ng Tacarelretimplementsd 404 wiElized HuGOnGEEiRn 3t he

passage 32@,3{,%%'@% w?ﬂge,ﬁa]g,agggéﬂé,?ﬁg@f%&gy ogyin@%hzfp%%t {dtAP add Rave afl

relation to aperture is’a partial cross-sectional
vi ew of t hintgrad Sk s@das airatkcennathowgetgfe@n ohttgrtion 1s@lsgtisaven totibe fagthatith p 128

and inl et & %ge}gﬁéégf [Ef)ceé‘ﬁedl"sfr%?%elgg w1th§he Ergscsh eoaﬂ%§+c(?i%¥@1&c]\§gls 28 Oﬁmx

Simlarly,' tripsTor ators are shown
radially aliacedl pzis@agtehalllvmlyetitlabesﬂapeemd:ﬁﬁnfguraudireofmee%b. FIG 10 is
a partial cross-sectional view of the passage 32b in FIG 7 taken al ong
10-10 of FIG 7 showing the feed trip 128 in relati.on to the inlet
apertures fpkge) FR&erring holvio FIGEBandlo, REOEHs SLAIrDINALS 198 ewsbéwi hdialiassage 32b

in FIG 7taenalon Illlof FIG 7 hefeedt 28 and .i nl et
apertures #Hagpetod t aRETUFRS 61 e Pﬁsﬁa%v%%r IC%Ct'T%l]I&T%éS?P?“g%I 128 are
posi ti oned deunstisRpMe@of i&atabeizapentating 3-Hdf MGt b skiRapetie féad tip @28

in relation to the inlet apertures 61. FIG. 9 is a partial cross-sectional view of the passage 32a

taken along 9-9 of FIG. 6 where the feed trip 128 and inlet apertures 61 are shown on the

suction sidewall 30.

[060] 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 apertures 61. FIG. 11 is a partial cross-sectional view of the passage 32b in FIG.

7 taken along 11-11 of FIG. 7 where the feed trip 128 and inlet apertures 61 are shown on the

suction sidewall 30.

[061] The trips 128 are positioned downstream of the inlet apertures 61 with respect to the

direction of the cooling flow within the passages 32a-b. In this way, the trips 128 impede the
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direction of the cooling flow within the passages 32a-b. In this way, the
trips 128 inpede the EH 11037 16 cooling flow within the passages 32a-b
and facilitate entry of the cooling air into the mcrocircuits 22.

Al t hough the trips in FIGS. 8, 9, 10 and 11 are shown as slanted with a

" ect angul agodh079wSEHih Hlnsshiie 3L b g il h R ST cobl et Inpgr e not
limted to such cross- tions [e.g. sem - ov hem sphereical] may be
sl ant ed t omaardsrcuhie2l. rmthqugg tf@m'i;bseia&il(ﬁ@ 8, édkﬁaemddhdrm?vvbes Eielrlrlvbﬂltba
straight. [062 ts 22 are he suction
S oval | aBoaory e seboh JifhE G dbe S e Al el B of PRt i b,

per pendi culgfiodsde gh@mixivsl @hemBplairdicd) Ay Eenﬂantaﬂowsnd@ thewialilinglae leallingned wi t h
the flow of the Coriolis forces. Simlarly, when the mcrocircuits 22 are
posi t i oned®4get ArhmEnRe giedQisEaightdewal | 28 as descri bed her ei nabove, the
inlet apertures 61 will be perpendicular to the axis of rotation 98 and,
as such, will be aligned with the flow of the Coriolis forces. It is
further not0$dl t Waen theenipiogicqite AZ argfrosiianddnyighiin B syatigp sidewall 3k as desgibed bed

here in abe&gnmebﬁc@%g%@g&&gﬂmtbg%%&w@ meamyaﬂo%abn@fa af4 GEOCi rcui t

cool i ng designs enbed cool ed and having an inl'et and an
out | et. Thamhwelllb@ahmsl withile ﬂmegfathc Corivlgnfoicon $maledyrevien die migeocirelitst

apertures LS00 Mk & &

o ovi ded i 72 i e peg Pl bR RERBRICH dy el pe BRI HRERRYs

de{ |h nedt ﬁsﬁl Wl [ae(isemdnflfcﬁlaf\lmrtbeax:d of(rRm;imP&lmd\las;ﬂuteh vetltbaabgt)e]i “]ilﬂnabe ﬂqne; ﬁt e

within the es r e 0 ol rces e

above det a?ftg‘a ik bsefﬂ’é:ﬁf ]efsl*gﬁ]éer nP'ﬁ?@%pg‘Sé’faﬁﬂP@ E%egq%t ap%rrug%sl e€for the

Fotati onl “%Sﬂ;'idﬁg?ﬁﬁbﬁiﬁ““ﬂ“ﬁlﬁ‘d“m%?‘a“?st“‘“’y‘f“a‘;‘?"‘"“S“mf et T 063]
[ u u

Referring fRoVMEd e%mbﬁ‘%eﬂ? %ﬂa Edagagﬁ“‘"t%a"df"g %@aﬂroé‘b% T%f“rf\s/ ntion

illustrat eéjiy AL G red & G veh@sh ﬁ]ﬁfeﬁieﬁt dM(}H ml&ﬁﬂ}ﬁehﬁrcﬁlﬂ &iro€Hmitéd ﬁthél.ﬁndrticnaulpr i or

art conventionally cooled  airfoil. FIG ot. of required bl ade

cool i ng f | eAnlipg desigsias pryvided ELFIGSe h aad 4 flbis a{sﬁé"t“f)ﬁ@égﬁ‘f’u@b?)‘f YARFYSEHEe as

descri bed afnue &g ééa@h&pnmaérvqneyndwsl I@Jm@é’r’é?tm&ﬁemﬁjaﬂﬁér%mhﬂﬂe shown
in FIG 13. Curve represents t coolin fectiveness for the prior

art bl ade paseages puedick die magmithde of tm Cpriolis f0f€§§r the 2beyz dewppdplarAment Heh ool i ng
effect| Venﬁ? g:e(?{ulrés%q wift @8%9%?%11&&3%@@\ 0§§1%m)f !h@Y:ﬁéltab&ﬂlrQH GiGkREOcher ei n

in FIG 4 cool’l ng ectiv s and the correspondi ng benefits,
as that shthepassagesiThegotBonal @irdshoflbMuambkd anddieynaifls Numbes aelgwoliniiethe ¥tn FI G
3. [064] The cooling effectiveness ratio is defined as the ratio of the
tenperature difference of

[063} Referring now to FIGS. 2, 12 and 13, the benefits of the present invention illustrated

and described herein will now be detailed. FIG. 13 is a prior art conventionally cooled
airfoil. FIG. 12 is a plot of required blade cooling flow vs. cooling effectiveness for the
present cooling scheme as described above and the conventional prior art blade configuration
shown in FIG. 13. Curve 130 represents the cooling effectiveness for the prior art blade
configuration shown in FIG. 13. Curve 132 represents the cooling effectiveness for the
embodiment of the present invention disclosed herein in FIG. 4. A similar cooling
effectiveness and the corresponding benefits, as that shown in curve 132, will be achieved

with the embodiment in FIG. 3.

[064] 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
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the rel ative hot conbustion gases and the bulk nmetal tenperature to the
tenperature EF1 -1 1037 17 difference between the relative hot conbustion
gases and the coolant (cooling air) defined as follows: 1 11 (D _ [Tgas -
Tretal ] /[ Tgm - Tcool ant] where: Tgas = tenperature of the gas flow ng
exterior t@feRfcébdrhin the relath@ BbBd¥mbusdATRsahd (HR coblahteodiingkirNgefbd as and T
metal = bulk nmetal tenperature of the airfoil. Preferably, turbine

engi neers H@%desi gners try to design for a cooling effectiveness ratio in
excess of about Or;ﬁ)b qau Tt heTcooI]er the netal tenperature the better the
overal | durabi Fitly 5f f“ﬁ Fade*™?" This is achieved in the present

I nvention in tvmhemays Fi rst film cooling is enployed to reduce the
tenperature of fhe hot conbu |on ases The tﬁ‘. npe a]ture is reduced due to
the nixing of t THBPFR r%P fﬁg; %‘é’i‘%“qrf% HE exit apertures 63 into
the hot conbust fosm HELPFRARS O'H °°°i‘P PG 3d: desirable to rely on this

met hod conpl et ef yessT Bl mesdl erappEpture 08 he@irfdl- nabove, the more cool i ng air
taken away fromthe conpressor 14 (FIG 1), the Iless work the conpressor
14 (FIG 1) CanPere%‘}ﬁp?urbﬁgenﬁﬂ&r@&d%@§§ﬁér@@?tcﬁ&@i\éﬁfortah:%oﬁﬁﬁﬁahvenbﬂvent I on
enpl oys a novel approach to internally Convectively cool the wall 24 to
achi eve a ratiedn exbiseof bt ma@ hefduse theveplestie mgtal pmpetatyrg thedewy thggyerall
Lradithondl, i, gﬂ&%‘ 2 1§ licuell e pROLn: FiTBh A ih B v 196 biflna N N
and rel degre |C|ency fe measure convectlve cool I'ng

effici encycooekmglsfelmlr[thbyedmo ofducentbe teaperapire kf the hotfcorbustivnairiasg The rempsrature
travel s he macrocircu

cool ant, i lﬁ]m ucfél'dlf?et?élfc Tmf‘m(,gooI[t"fn(tzc’%h“‘t#]S ;V\%ég&?{r‘f’%t exu{a];eﬁ@g ?j]enper at ur e

of the coohdtrgmaistioaxhd flog. BheitdudteesrableTo chpomithis methed ¢coamppaelatsines agf t he
cooling air,ente he ets; and . T 1le.1=_bulk neta u f the
airfoil. %ssﬁf’eﬁg‘é}t’%ﬁzﬁ% IBAESBRNS air takegaNaY LG %ee%?rgprgﬁapgg;@%nf r[shgseek

a design V\leﬁﬁvarkhh@&b]ﬁ}ﬁedsor m(mupcﬁmplsdmol%r@dtahdemabdd abévaithettheseai 1 f oi |
26. The present invention, as shown_in c |eves this

rv of I:tl1 G tg ac
i ncreased WERtoRiemPIQYS angve] 2ReR ‘°b‘f‘°"f/\ﬂy" °°"I’1‘°r'°|“§? y Cf"ﬁ‘é HELet 9 ‘eéeoa 62,
64, 66, asqshHomE cbdlinglefectien@BehtiB0 It i9Zotedthat ﬁm\i\ﬁhal finddalingtof AFf6ilddoebul ence

pro not ers
not employ this method to 2 high and reliable degree of effxcwq_cy. The measure of

convective cooling efficiency is a function of the heat pick up of the cooling air as it travels
within the microcircuit 22, as follows: o

Ne = [T cootantou = T coolan, in] 7/ [T mera1 = ¥ coolant, in)

where:

’

T cootant.our = temperature of the cooling air exiting the outlets;
T cootant, in = temperature of the cooling air entering the inlets; and
T metar = bulk metal temperture of the airfoil.

[065] 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 embodiments shown in

FIGS. 3 and 4, meter the flow to increase heat transfer pick-up within the microcircuit 22.
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within the mcrocircuit 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 mcrocircuit 22.
Fourth, the netering rows in both enbodi nents shown in FIGS. 3 and 4,
meter the flow to increase heat transfer pick-up within the mcrocircuit

22. EH1 1037 18 [066] It is understood by those skilled in the art and

wi t hin t hel®6bpl ipendersiopdibyhase slgHed infiba arl andevithip 5 gesrsof toF inyepdiopdbist al s
and the sh I t e the
desired heg{é%?r ra e%k 6§P§ %%e%]tlglég ?g‘?%gép?j? %l%ﬁffﬂ%ﬁeﬂgﬁgfgg aﬂ[bsa%m%sce t he
cool i ng ai nchaeszee]uedﬂsecﬁ heaomartsfee prripenties for @ given a2fvjl degigean partially mix into
the stream of hot conbustion gases, G and because of its own nonentum it
can flow over the sidewalls 28, 30. Thus, the ejected cooling air film
cool s the Yo7 d4ce madodmrgaupaeje&twﬂr@ﬁlme mictdecyit, €3 Stean paniillg ot irmunthe
sidewal | s 28, 30, by provi d|n cL%?gcurt in that protects he bl

rom the hotsabmiuet yamsg e Eses. B apsfuse RELS oY REopRRSERT FhUBKETSA™

provi des asgeRhists, S0/ STIRR) &nbafectedmdcmg aR fili ¢6bls Bievadiamiand rork iphiticatardy,
convectively cool an ai rfoil . gartl cular, this conbination gégxhges an

advant age d\¢e@ressye apg F%Flo%ﬁlﬁe%@ 28nif- b Peoiding pfilmhchrtan that prptpct same

met al teWQ?ﬁBWtﬁe%tcomﬁsti%'glasegdG | ess cool conpressor air is required to
cool the 24. Less conpressor bleed flowresults in the additional

advant age of prow ding an increase in turbine efficiency. As conpared to

the prior rgl éﬁ{ %E?%Pﬁt 1{1\@4& V%rQﬂder Epc\ﬂoﬁﬁg g@tcﬁpt‘ﬁgtl cnml SQQioerldFﬁroﬁéPpl ing

desi gn to sy performancte and extend blade [ife. The
m croci r cuid ﬁlﬁ?arﬂlfcohmnvq:jy ee@m\ ajrfoile paunm{iaroWSd@@baWﬂPWBdeﬂéﬁﬂqTeans to

filmtool $V6HP |§% E)%{ the nor arq WBolin g{eﬁ%@ lT?t?l ﬁ%&d@% Png {gllgcemleﬁpﬁe tafifre at

cool i ng de esent i nven ave a ger
service lifie \MIzalﬁocoammmessowar ﬂlrd:quﬁraﬂi tncrmel m& fv\iadl2énbyss oopgksonhleed t here
have been descri OI’]SI

ed d
exenpl ary ERBSHHRH °8‘$A’?W\é@%¢v§§§%° pﬁ?/vén‘f'% ‘(?)“'nmmfl il mmrglggf: ff%g:t?:’gnés of the
invention s&fpdred RARKSPRGaENihe st dBentdol ﬂrbvﬁdleslamdvhlenardcm‘:mmnohh@detsmch| ngs
herein, and it is, therefore, desired to C? e sr(glnthea}g ed clains
al | such nigiyRergistirallydmeeove gerforgapss ahdiexisn E@é @%: F MFHgTS % t he
i nvention. piEkknl 1R 4tideprbvibtfinThprovedm4tshd AEn E6dl dtie .fmfades.c'nmra hdeR7

employing the beneficial cooling design of the present'lin'vcntion will not only have a longer

service life but also improve overall turbine efficiency.

[069] While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of the invention shall
be apparent to those skilled in the art from the teachings heremn, and it is, therefore, desired to
be secured in the appended claims all such modifications as fall within the true spirit and

scope of the invention.
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an external wall, said external wall includes an inner surface; an
internal cavity into which cooling air is flowable; a first cooling circuit
enbedded within said wall, said first cooling circuit includes: a first
inlet, said first inlet connects said first cooling circuit with said
cavity and provides a cooling air flow path into said first cooling
circuit; and an exit aperture, said exit aperture provides a cooling air
fl ow path bGlaimf said first cooling circuit, said first cooling circuit
configured to increase the tenperature of the cooling air as it travels
- fromsaid inlet to said exit aperture; a second cooling circuit enbedded

W t hi n sai d. Aalrbine s@orcblsdecongnsiogl i ng circuit includes: a first inlet,
said first inlet of s%id segan caolhn& circuit co &gts sai.d second
cool i ng ci rcui t FEH LA RTS8l Y PdNHea 88 B85 % g air f1ow path into
sai d second COOd M@rnat cavatyiihitn whidh canlikydit is Apebbletr e, said exit aperture of
sai d second cooling circuit prqvides a. co Iing_g%r f|§M/ ath.ou[ of said
second cool i ng &fiFsEeRding gissuit espheddrd HHvy ?‘Wgwélil' igifrst cege Yarecldes ner ease
the tenmperature of thg ARk isH@ fRdtinl@ohiects's@d s chbsIRiy cxrahit withlsal cofitysai d
second cooling circuit to said exit aperture of said second cooling
circuit; apmil providesaicaobiag pinfoviprduinte sedfied qedingiciraih 284 d wal |, said third
cool i ng circuit incl e aperudishiflexi Bheture $84ifles’d doshing £ fbw Bhin%a o i 1 d
cooling circuit connects 8alé third cooli'ng circuit with said cavity /and
provi des afisootdling catyit, 4idfirsy aedhing pirevisepntigurpd todnarenst thegemegratetsiaf theand an
exit apert X i.d. exi r & Akl al.d. third cooling circuit provides a
cool i ng aig&ﬁPéaﬁﬁgPﬁé%ﬂ ﬂﬁ?“%%fﬁeﬂ%fégeg%% |n%'circuit, said third cooling
circuit confi gua sdotdcoding rieastenibaddetionihir @idiwval, odid s¢roné ootlinggiraiir as it
travels fromsaid inlet of said third cooling circuit to said exit
aperture OFQEQF% third cooling circuit; wherein said first inlets are
aligned with the direfisi @kt,chiddounilarcf st adcondjcdoliogwiraiitraonhexts saivsecond
experienced by said inner surface of, said 1. of sajd cavity caused by
Cor ol Lo Fobeeii: HE S g areviEouony e i e Tl ae Rl RE R 07
20 2. The blkagteaf claim1l, wherein said first, second and third cooling

circuits include a plurality of, pedestals sggced 3par1 f rom one. .anot her
and ext endi ng bet weet? Xt apertuse, gaid gxiy ppprture of said secon 'coolmg circult provides a

cooling air flow path out of said second cooling circuit; said second cooling circuit
configured to increase the temperature of the cooling air as it travels from said inlet of said
second cooling circuit to said exit aperture of said second cooling circuit; and
a third cooling circuit embedded within said wall, said third cooling circuit includes:
a first inlet, said first inlet of said third cooling circuit connects said third
cooling circuit with said cavity /and provides a cooling air flow path into said third cooling
circuit; and
an exit aperture, said exit aperture of said third cooling circuit provides a
cooling air flow path out of said third cooling circuit, said third cooling circuit configured to
increase the temperature of the cooling air as it travels from said inlet of said third cooling
circuit to said exit aperture of said third cooling circuit;
wherein said first inlets are aligned with the direction of counter-rotating flow
circulations experienced by said inner surface of said wall of said cavity caused by Coriolis

forces on the cooling air flowing inside said cavity.
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wal | portions of said wall to define a pathway to turbul ate the cooling air
passi ng therebetween. 3. A turbine blade conprising: first and second
sidewal I s extending longitudinally in span fromroot to tip, and extending
in chord between |l eading and trailing edges, said sidewalls being spaced

lateral |y zapar thbshiestism IdwheRH i Bndsdeb dnldnBired@ang ciftids ineiuaed
together by chordally spaced apart partitions extendi ng |ongitudinally

bet ween saPHiralisyef padastals praced apartifipm ens anpther and exteading Yetvpeniirstgndseroadol i ng
air is flo | e ' | i ' ' ik kid,first

21 deve |, Y3 gBnichs bf Lbdy PRI doRe Epliiid 1otRRERAR: ol r bR’ 2 11 v
inlet conndetedbessaienl first cooling circuit with said cavity and provides a
cooling air flow path into said first cooling circuit; and an exit
aperture, said exit aperture provides a cooling air flow path out of said
first cool Bng cArnabirde bl&Ricdmpiisisg: cooling circuit configured to increase
the tenperature_of the cog{in air as it travels fromsaid inlet to said

exit aperture; SrssaRdsePdsileat SteeimelonaBdaabamPINToMm L0t P G 2Bthd

sfdewal | , gabsbiSEHANErdARBYdeR JeadfioafllirhilihgEdgesl@8id sRletvhllsHeidgtpgded 1&ahmly f i1 st
inlet of said second cooling circuit connects said second_ cooling circuit

with said arayepveprgaldriendingaand Fadins edass, and doipedoipesihar By chergalyspaced @ewhd

cooling chifilbds extRdindTorfpitbbin AR tWMR said M H afilip 10PRBAE B Feplal 84Vi€ iSgCONd
cooling citcuit providé€s a& cooling air flow path out of said second

cool i ng ci wbightcooling air is lewablecool i ng circuit configured to increase the

tenperature of fhey S&Qiln% Qe @&ﬁd%dt“é%gﬁ/ﬁ& first figdhan £d bt &lotifh ch@id

. A
second cooling circuit to sald exi ure of said second cooling
circuit; amgludes:hird cooling circuit enbedded within said second sidewall,

::: g t E: Ir, g ggg: : 29 C:l fifs! éniet, sLﬂ%g{?ﬁé{ conn fc-tsrsglid Jir?clc%l?ngsc@cgi.t tviitﬂ §£idic£\liﬁ/t Of
g circul connects sal Alr cooli™ng circult wt sai d
cavi ty andamlmevidesa eotingbir figwaphath ifilogwdfattikoslntgarisak@nd hi rd cooling
ClTou L Jand, X SRS SR b R g B PR
circuit, saistlcddningdiregkiid Girst cédting tir@Andonf puiredltd iBerease the temperature of the
cooling air as it travels from said inlet to said exit aperture;
a second cooling circuit embedded within said $econd si'dewall, said second cooling
circuit includes: -

a first inlet, said first inlet o*'f said second cooling circuit connects said second
cooling circuit with said cavity and provides a cooling air flow path into said second cooling
circuit; and

an exit aperture, said exit aperture of said second cooling circuit provides a
cooling air flow path out of said second cooling circuit, said second cooling circuit
configured to increase the temperature of the cooling air as it travels from said inlet of said
second cooling circuit to said exit aperture of said second cooling circuit; and

a third cooling circuit embedded within said second sidewall, said third cooling circuit
includes:

a first inlet, said first inlet of said third cooling circuit connects said third
cooling circuit with said cavity and provides a cooling air flow path into said third cooling
circuit; and -

an exit aperture, said exit aperture of said third cooling circuit provides a

cooling air flow path out of said third cooling circuit, said third cooling circuit configured to
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EH- 11037 21 increase the tenperature of the cooling air as it travels from
said inlet of said third cooling <circuit to said exit aperture of said
third cooling circuit; wherein said first inlets are aligned with the
direction of counter-rotating flow circulations experienced by inner
surfaces Ofpcfdickhé tetidpnlrs oOthe S&Ig @Rk §)raCAY BB sk kief dfQ@bhidshird &lotigg on the
cooling air flowing inside said cavity. 4. The blade of claim3, wherein
said fi rstClsquﬁéwafl’geﬁé’l‘@"@@hﬁﬁﬁﬂl“yrd@@ﬁb@g@{c“m essure sidewall, and said
second sidewal | yhéefd SGAMFL LY 2R UMYERN wit Rk LbBLith PUGklerAdumAldl T TSt -
inlet of said JITSt €00 ing circufFt 1s positioned wthin a span along said
pressure stidenmiohs eXpesbmed by Boes sorfaes ofisrid sicenlloof said eqvity chisae by Ratiolis
traverses said ca'}/it I sai cegterc{i n is.t)perpendi cular to the axis of
rotati on of YREMHIETE Hhy" EXYERIE RS IEH %sai d sidewal I's, and wherein said
suction sidewall includes a first end and an opposi ng second end, said

first inlet of sai econd cooling circuit is positioned within a span

al ong sai d*suct 1P a‘iei BE ﬁ ‘6{““386?}9 f %%df‘f"ﬁlhgé'ﬁeaer?'X%%“C%de%fsuéeai d
suction si dewadll, aréhiBabehd dideShall i Qinedly Saivdx, subtidnbideoalliafg s6d fifsdinleti S
positioned within a span al ong said suction sidewal| of about 40% span
from sai d 2leeihiirsiciegling ciecyitds RqsRioneshwihig @wean alongraid RressUIe SEeal o453t | ow i s

radi al |y oufopap@iché} siiof a EehtdriiNe that ralBRe NG viRY, sEldbdterdine fRhficsia
first sidewall is a generally convex, suction 'sidewall, and said second

si dewal | i theaxigefeatatianyof dsridadgand prtends threvadi sgidwideraihd@ndai d first inlet of
said first cooly, ¥ldrich 33805 fdgﬁﬁ@éja Wist BHand ad BARbs B QBBnd Bhdl sHUCL i ON

Ci
si dewal | of aboﬁ‘%e@(igm on e ther e of a centerline that traverses said
cavity, safictindmobsdid segondscooling grnitiicpdsitionedwithie agransalofg sapt swchioh of t he
blade and gyl ehls HOLAH SR <o BEIBURY Sia A WIRLEN And Bd'RE RIAYF Gia
sidewal | inc uc!ies 21 Tst end and an opposi ng second end, sal Irst inlet
of said sethirddosling diregit & gositibbedi vaithhns spanalvmg syid Sixtion aidspalh obitwnt 48%i d
pressure Si dgrwal I 'cf)f about fO‘V fr(ﬁm sgi d“f_i rst end of said pressure
si dewal | atP8" &9Mraiq se5pnq GhP &f sd SUeHPHSOMAY o cooling circuit is positioned
W thin a span akrnghsesdling b Fiourieradiatievadwardin saildeutityd0% span from sai d
second end of said pressure sidewall; when the cooling air flowis radially
inward in said cavity. 6. The blade of claim3, wherein the blade is

fabri cat edsfromig viRieaf chfth 8CkRdeih sAMTiACideWiPIA geAisilBédniex,Qlictiohckel based
al l oys and cobalt based alloys. E1-1-11037 22 - . .

sidewall, and said second sidewall is a generally concave, pressure sidewall and said first

inlet of said first cooling circuit is positioned within a span along said suction sidewall of

about 20% on either side of a centerline that traverses said cavity, said centerline is

perpendicular to the axis of rotation of the blade and extends through said sidewalls, and

wherein said pressure sidewall includes a first end and an opposing second end, said

first inlet of said second cooling circuit is positioned within a span along said pressure

sidewall of about 40% from said first end of said pressure sidewall and said first inlet of said

third cooling circuit is positioned within a span along said pressure sidewall of about 40%

span from said second end of said pressure sidewall,

when the cooling air flow is radially inward in said cavity.

6. The blade of claim 3, wherein the blade is fabricated from a metal selected from the

group consisting of nickel based alloys and cobalt based alloys.
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7. The blade of claim4, wherein said exit aperture of said first cooling
circuit is afilm cooling slot, said filmcooling slot radially extends

t hrough said pressure sidewall and discharges said cooling air from
thereform and wherein said exit apertures of said second and third cooling

circuits ane fifne ©e& dRGims| %&emssa;dqxﬁ lapdFre®d daltithirsd @bBnLdircEalish SIgcond
and third cooling circuits radial gﬁextend t hrough said suction sidewall,

sai d film egdmesptsridilgroslingslasrbily exors hipueh Fedpresars diferdkandt he
cool ing ai alsﬂﬂg ?Eﬁlﬁ% gaﬁ'eﬁ'cgn fete®d OQIlld ng slot of said third cooling
ar

- circuit disc es the ooling air thereform 8. The blade of claim?7,
wherein said fi thrclo(;hlrdmgltsp@msescﬁf sgdpatos@uuitbird peblingicirelitao fi ilmgcoobing cui t s
are radlallx sta er ed erture

m coolmg slots o? sald Esaeanc? %Hd tlu(gd foo%hv C1rCL{1tES\ rpduﬁ%' e]artelné Ithro

of sardfrrs‘[ ol'ing circuit mco ng
sl ot radi ahdlgrsrembﬁmdmilhmdrghn saoldlgslmbi‘ﬁrﬁ @bdﬂ/@blmgaﬁﬂl:uudussﬁzhgdsgm sar d

cooling air fromtherefor whe S exi ertures_ of said second
and third COUMEAL e P srbim SORIRBUP g SHt SOOBEF I E01 Phg sl ot s
of said segqimlganthdrdtbimgl cooling circuits radially extend thr ough sai d

pressure si devval |, said filmcooling slot of said second cooling circuit
di scharges the cool ing air therefromand said filmcooling slot of said

third codl gng cikLlhde d#'cﬁaﬁﬂ@rﬂﬁéenmﬁd fﬁrﬂ%blﬂ% sBde§ oft RN BERHIThd irQrd C-EB@nfbl ade
of claim9, wherein said filmcooling slots said second and th

cool i ng CFIFQ}IEFFP@T@@“W%%E%EM st agger ed. 11 The bl ade of claim 5, further
including a first turbulator positioned on said inner surface of said
pressure sidewall adjacent and upstream of said first inlets of said second
and t hi rd%.cool Thegbladercf wiairs 5, wheteia ssid csit dperiyrenefl saiddirstsosiing anseid isonfilgai d

e o AR D D A 0R 5 PG el L T

i ncl udi ng disé¢harges sztldrtdmﬂngmmfrqno&etcfmemd)n sai d inner surface of said
suction sidewal | nt. and u femaldifd rst
cooling circui ‘t"hcr 'hdalg TLAAY PG, ? ‘?%\etCS?d %st ‘{‘%"rﬁ’i‘ c‘ﬁcuns a%ﬁ ncé’?’h%rface
of sai d pressi¥arl flindeotihg sloa@j’amamcora:mirdumd cohing oircusaradliflyrestend tredgh of

id d.and thi | t H. 1103 f cl
3 e o st Pssprt deobl et doite 11 of Shid S0 caU B O ATSIES 1 11 cur

and secondcddling@h tidkeffidt Shdf daldSilmCadRlihgdorcdf s itthtlird ddling diycuRUaeRal gane { .

cooling air thereform.

10.  The blade of claim 9, wherein said film cooling slots of said second and third cooling

circuits are radially staggered.

11.  The blade of claim 5, further including a first turbulator positioned on said inner
surface of said pressure sidewall adjacent and upstream of said first inlets of said second and
third cooling circuits, and a second turbulator positioned on said inner surface of said suction

sidewall adjacent and upstream of said first inlet of said first cooling circuit.

12. The blade of claim 4, further including a first turbulator positioned on said inner
surface of said suction sidewall adjacent and upstream of said first inlet of said first cooling
circuit, and a second turbulator positioned on said inner surface of said pressure sidewall

adjacent and upstream of said first inlets of said second and third cooling circuits.
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14. The bl ade of claim 3, wherein said first cooling circuit occupies a
wal | surface area no greater than about 0.06 square inches, said second
cooling circuit occupies a wall surface area no greater than about 0.06
square inches, and said third cooling circuit occupies a wall surface area
no greater jshanTabgmle & SAmSAURERIH RS codithg ARSI PARLRS 9&584\}@“!@{,33?-@ .
wherein said first and second inlets are race track shaped ose length in
t he radi al fusteedsdcord inketsgefsaddirsticheling drsuiniadialy spasnd oparise t o such
direction. 16. A nethod for placing inlets of cooling circuits in an
exterior wall of a turbine blade to facilitate ingestion of cooling air
into said déol i Miye bladecaficlam 3 aihdreinadald firancooign gadircuit becupizs b fatl surfade drezaiod

bl ade havi ng an |i ntgrnﬁl 6cavit. 'bnto. i%@ cooling air is flowable froman
end of saifFaFRRR 9o (L0 saNATe ?jl'c > FHOCU RO CAT B AP 21 SPHESEE? sai d
met hod conmbigdateg thafl @bt 010BIsG@aré fiRhds| M seidnigied ¢ddlin@ Eir@@Qctiifesar walii t hi n
said cavity; taking into account Coriolis flow effects in the cooling air
caused by PHISEREA NBETRISE thapabens 0-093guast Wehsig said inlets aligned with the
direction of counter-rotating flow circul ations experienced by said inner
surface of said wall caused by Coriolis forces on the cooling air flow ng
i nsi de sai d3cavilhgbladepf claiga Igewheseinstiddirsijand segond infetsrse race rhekdiharpdt he st eps
of : placin o f. f i i nt and
A e R L S R e e
wal I includes first and second sidewalls extending longitudinally in span
fromroot tQ tip, | I d. Yol I Al |
edges, sai ég'si d‘E‘V\% chi %ﬁ\g‘%}gg g’g%t‘kegf ﬁ%gﬁ'ge%%{ﬁﬁ{[/y@%gre% %@g{ {vavg"eﬁpagtglrbg’;ﬁ%e]%‘%ﬁqﬁg and
trailing ¢dijase irgasionef nedingagdbtoasidbyolmlgeirciats| saidwalt bavizgar ihngaatfadei ons

ext endi ng | ongitudinal | bet n said root and tip to define said internal
vty andvd R Bk ap Rttty YRS ofitnalr R b4 ESG 27 el ure
sidewal |, asidcsaiyoths endydn flsivdemalunicasomwigieme ks \saiianakod comieisingn si dewal |
and one of said,inlets of respective one.of  .sai.d cooling circuits is
posi L1 oned wi t hESIETRRPe {10 e Plera AT RSHAFT S about 20% on EH
11037 24 ei t her akindént® hccduM@IrRIk F1BR FBAL inlthaWding Girtaisdd BRMItANON of led
centerline _js perpendicular to the axis of rotation of the blade and

ext ends t hPBdgndai d si dewal I's, and wherein said suction sidewal | includes
a first end andp@fn®PR@middalBe@Rsih alrtireaA of‘counter-rotating flow circulations

experienced by said inner surface of said wall caused By'Coriolis forces on the cooling air

flowing inside said cavity.

17.  The method of claim 16, further including the steps of:
placing a turbulator on said inner surface of said wall adjacent and upstream of one of

said inlets.

18. The method of claim 16, wherein said wall includes first and second sidewalls
extending longitudinally in span from root to tip, and extending in chord between leading and
trailing edges, said sidewalls being spaced laterally apart between said leading and trailing
edges, and joined together by chordally spaced apart partitions extending longitudinally
between said root and tip to define said internal cavity, and

wherein said first sidewall is a generally concave, pressure sidewall, and said second
sidewall is a generally convex. suction sidewall and one of said inlets of a respective one of

said cooling circuits is positioned within a span along said pressure sidewall of about 20% on
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one of said inlets of a respective one of said cooling circuits is
positioned within a span along said suction sidewall of about 40% from
said first end of said suction sidewall and one of said inlets of a
respective one of said cooling circuits is positioned within a span al ong

said sucti Qph&l sd:ﬁ"@lalccﬂfzrlﬁ@%tt A LYes pa%‘cavf grgaﬁlademcﬁﬁﬁ %rﬁe’ﬂ&cﬁ’l r 28bdaxis

suction sidewall; when the cooling air w 1s radi al outward in sard
cavity. 19. of Totationeaf escblade @H&P‘Wﬂdﬁhrc\u@em sidevedlld. andl | i ncl udes first and

second si dewal | %vhg%’ﬂe n&iM&g Jl?lgf%alpg d& fa¥1rst enggr?dqﬂ\ Oé%&uréégeéoté)&l;,\gd and

extending in chor ween rarlin
bei ng spacede bfitaid mldtyofanasﬁecﬂn&tomeeﬁszﬁcastcﬁbhhealdcung 1§apitd1titomai Witlig a sgahgdeng and

| ong 1 ud nartyee gieant ebetibor BEE FRniam iy b5t i el HaPHA G ane et .

and wher ei nAnisRiotla tdsp&iitive bﬁtewaslaid doBlirey HRIMEY 18 pbiti SR Wahin Sipah bRAg Siglewal |
and said second  sidewall is generally concave, pressure sidewal l and one

of said iniSBongideyall gbahaut |4\9@ BaRfrepm said secnd svd Phgidsuptean sidewiall: posi ti oned

within a span akgegiablisdiat 1160 isshdlfneddny 8f ifbeiEagQ% on  either side of a
centerline that traverses said cavity, said centerline is perpendicular to

the axis of rotation of the blade and extends through said sidewalls, and

wherel n sailg. Pr GRS HERoRioASHRh b/ RKHEER B il PAth AdeANs 0BROZING Second

end, and one o sa| ets of a respective one sai d Cool Ing circuits

i s positionsdnding lﬂnﬂltlailsé}jh’nﬂ apavrfopm et © tipr asisan@dmgdevmrdl batveableadinglOfh f r om
said first r nl et
respective Ugﬂg'ggpgeégagj Bﬁee'?m bgm 'P‘%gx}fls erazﬁ |[§'ﬁcedssa ﬂi ]? ?‘ldl %{'dzmgh"gal ong
said pressdges, sidjevnad togaheraiymhbrdémy/ep&mlrapﬁm panusanmlcmdmlgdlorgnddloéms ai d

pressure shge\g@n Sm? 50833%4“13 ocggni%gd \R}?&}ﬁlfﬁ%wggﬁsi‘gr adially inward in said

cavity. 20. bl ade is fabricated froma
nmet al sel ect ed Mam:1 s‘ahieﬁxgrmwauﬁmgﬁteiangc@fvemsﬁnktecbn d@mad aldlseidsedqtnd cobal t
[ aid cooling

based all o¥® 2@ The thod of claim 16, gr el ﬁe g

circuits oCChpf hsaaﬁcﬂ%ﬂ‘“‘ Y SR Y BressiFeidepall gp B’Eee? ¢ alH“"%?t? ATeSBEEEe SHUr e
i nches. 22 gaid 6ol lchosktOf p6diddrdt Wothiniphiea)BnS Qiidlsuchbetifevad] Eof hB&R 20%amk
shaped whose length in the radial direction is ng{reater than its width

transver se ether §l§l€ R g Fgiering ihat egyerpes|sgigcavity, said ce erl[ne is perpendicular to the axis

of rotation of the blade and extends through said sidewlls, and -

wherein said pressure sidewall includes a first end and an opposing second end, and
one of said inlets of a respective one of said cooling circuits is positioned within a span along
said pressure sidewall of about 40% from said first end of said pressure sidewall and one of
said inlets of a respective one of said cooling circuits is positioned within a span along said
pressure sidewall of about 40% span from said second end of said pressure sidewall;

when the cooling air flow is radially inward in said cavity.

20. The method of claim 16, wherein said bladc is fabricated from a metal selected from

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

21.  The method of claim 16, wherein one of said cooling circuits occupies a wall surface

area no greater than about 0.06 square inches.

22.  The method of claim 16, 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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