M CROCI RCU T COOLI NG FOR A TURBI NE BLADE TI P [0011 The governnent may have
rights in this invention, pursuant to Contract Nunmber F33615-02-C- 2202,
awar-ded by the United States Air Force, Wight Patterson Air Force Base.
Technical Field [002) This invention relates to coolable airfoils of the
type used in high tenperature rotary machines such as gas turbines and,
nore particularly, to an inproved tip cooling schene for airfoils.
Background of the Invention [003] Efficiency is a prinmary concern in the
design of any gas turbine engine. Historically, one of the principle

techni ques for increasing qifére SOBEINGFORC ease the gas path
tenperatures within the engine. 3 |]?:%§ﬁga.lrhy cool ed conponents nade
fromhigh tenperature capaci({iyT eg ' ccommodat ed t he i ncreased
tenperatures. Turbine stator vanes and bl ades, for exanple, are typically
cool ed usi.ng.conpressor. ai - 1a.a. g[lﬂﬁ LERSY BnirBetiNGhbdrl at a

| ower tlﬁﬁle?%hﬁﬁ chwtﬁﬁaé{ha\gghéﬁg 1'5:@?21“335 ! \l/lvﬂpassi ngnby the bl ade or
the van®agh§ouidoobe HEEESEP0E Uikl StnepAl Foate, Wright Paitersbm Aisbarbe cool i ng
wi |l be unavallable to support combustion in the conbustor. The higher

pressurkaspr ovi des the energy necessary to push the air through the
conponent. A significant percentage of the work inparted to the air bled
fromthe conpressor, however, is lost during the cooling process. The | ost

wor k d to the thrust of the engine and negatively effects the
over al ?F%T}'P?%?g?%ig of the engine. A person of skill in the art wll

r ecogni (892} ENiefsvention helates trosoeldbie sirfodns tha typstusedin high teraperprertdrY gai ned
from hi gher core gas path tenperatures and the conconjtant nee I
t ur bi nanedviprsiush as garturhipesand; @P@W*‘f@%ffyaﬁ? LR %“%?'}"e%%h%‘g? o m

t hat coaqll_fioﬂg. There is, accordingly, great value in maxim zing the cooling
ef ficiency of whatever cooling air is wused. EH 10840 | [004] Thus, to
m nimze any sacrifice in engine performance due to unavailability of

Background of the Invention

[003] Efficiency is a primary concern in the design of any gas turbine engine. Historically,
one of the principle techniques for increasing efficiency has been to increase the gas path
temperatures within the engine. Using internally cooled components made from high
temperature capacity alloys has accommodated the increased temperatures. Turbine stator
vanes and blades, for example, are typically cooled using compressor air worked to a higher
pressure, but stil) at a lower temperature than that of the core gas flow passing by the blade or
the vaneé. Tt will be understood that compressor bleed air for such cooling will be unavailable
to support combustion in the combustor. The higher pressure provides the energy necessary
to push the air through the component. A significant percentage of the work imparted to the
air bled from the compressor, however, is lost during the 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.
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cooling airflow to support conbustion, any schene for cooling blades and
vanes nmust optimze the utilization of conpressor bleed cooling air.
Airfoil cooling is acconplished by external filmcooling, internal air

i i t and f d, tion eith t el conbi nat i f
A Cogbidlg TshisHEImEBEY ek B angan e brnce o vl °h) ced
ir fl .th h.the i . |t ~0&;
cont | nguakns PHF b Apac @Rl 6R Ay Bhemeor EBAE ARS A balanBE
caviti %?ti%ﬁzé [HeQUGR 296 o OdorifrESof Bleed Soothigaliv. diidcihasge is atamglshedbyer nal
e

cavities. [006] Filmcooling has been shown to be very effective but

r equi r extanarfdat catdiap, inferhal Einimpingomendanskopted FOpYFCUOR &1tBYRSPRIBSAY OF by
cooling. ] Further, fil I’n cooling is actively controlled in a conplex and
expensi@@%@rqf%@&,lngﬁg‘hoﬁgri cation and machining of an airfoil with
film cooling holes adds a degree of conplexity that is costly. It wll

al so be appreciated that once the cooling air exits the internal cavity of

the ai rhgs) RTErd¥deaVaHOR cobingd)@bmpasss, blecdtvRewes thoarghaheimemabanilesy i s
incurred due to the mxing process and the different tenperature, |evels of
t he i xiftge bladessandryanes, contimaishy femevVingchsrt berefrony. da@BPTEssAS HIREIHT THIF i ng

The i tPorrapbay rarsone maa sy FRRrecifin hafrdbbia gt 2°°

plurality of internal cavities (cooling circuit), which are supplied with
cooling air. The cooling air passes through the wall of the airfoil (or
t he pl 006} nFilmnsolinghssf eren shhennabe seryregfgctivialyut frequines Agreat dediaf flud  he

process Typically_ in the prior an, . blade tip filmcaooling,hol vi de
ext er nfaﬂlmf'it%/ E?ggéiqfﬁﬂmi@m SBRtor CARNTE: Ehe ﬁl%f%‘g]@&r’&a%‘? by ??ﬁfqlu]g&?%di al
and axi alo AhieGhl R ensﬁfl’}ﬁaﬂﬁﬁ' A0S HRFakalBR¥nd inaRinfh@!FanaRfHPHIhIFIR 10
the limted space available, 1n an effort to flood the pressure side tip

regi on suiolihg hotdsaudts a degres oflespledity Hat istdostdy. f It will abolbiersgpresiated:-that gncover

onto the outer tip L surface to provide coqling.there and al so over the
suct | orihe Rgeliag,pir ssusThefntem3l cpityafier 8ol Bd iR Pekie e ot erses 88VEr y
outward_djr O valk L | to
i ar at o6 R uiE ofit £t mikie TS ARAR AR iplisife [0 |
di ffi culebelad theafiking fle@BSTHisefilm toolingakqiifed ayrealer emgunt of tdolingnanwih due

to the very conplex nature of the cooling flow as it mxes with very

dynami cthh@osgibrdity obimadequatestaoding ehtherawgr sufacsof the aided prior art

arrangenents, cooling flow exits the filmholes and is swept by the
[007] Prior art coolable airfoils typically include a plurality of internal cavities (cooling
circuit), 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.
Typically in the prior art, blade tip film cooling holes provide external film cooling issued on
the blade tip pressure side in the radial and axial directions. Some designs use as many film
holes as possible, in the limited space available, in an effort to flood the pressure side tip
region with coolant. It is desired that this film cooling then carry over onto the outer tip
surface to provide cooling there and also over the suction side surfaces of tip. Filmn holes are
oriented in the radially outward direction because the prevailing mainstreamn gas flows tend to
migrate in this manner in the tip region. In practice, it is still very difficult and very
inconsistent to cool the blade tip in this manner due to the very complex nature of the cooling

flow as it mixes with very dynamic hot gases of the mainstream flow.

[008] In some pnor art arrangements, cooling flow exits the film holes and is swepl by the

hot combustion gases towards the trailing edge of the airfoil and away from tip cap.
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hot conmbusti on gases towards the trailing edge of the airfoil and away from
tip cap. EH 10840 2 Typically, this results in a mxed effect, where sone
of the cooling air is caught up and m xed w th the hot gases and sone goes

o, I S B Fe,  BLb ols L yBRFE
L o 3085 58 sBhe bR, 7B ripkBRTha JHhORAR SN eGirRAEDINCT S and

engineé? riving I client ways o

cool i ngrdififg taRRs TRIs rbfidtstin iftidBgue eslaimglod tipreap andetentiil vengérade ihflfctedand
reduce engi nhe operating cost. oling air used to acconplish this is
expensidegridatipecfispoép. overal | fuel consunption. Thus, nore effective and
efficient use of available cooling air in carrying out cooling of turbine
bl ade tips is desirable not only to prolong turbine blade life but also to
| mpr ov fhic) : i ; I GH ool | ngi ne
oper at {00V Ebie SRR aad ORI FRE 48 Ry are CONRIaRlY SRld ol WD PRoxE

desi gn éffiefenwivhs ofedoelinpgrestipfdfebd iwisnabbides toiproleng urbme diadaide bedl| e
cooling air. Sunmmary of the Invention [010] The above di scussed and_ ot her
dr awbacREUCE RN ZHST QREFRING o8t Soe11Bg alr serfEloGECRINPIESh; tRisdscXRsPsvA &n t57as Bht

. e T T . . ; . yorne !
cyst om vt Bh borp BB il K RSP BhEHE B Aol S BTAL okl br
tip of @Rrndhd bRidoolifly 6LHPHINADIAAR (s IfUsirhBIR 8OQII P lgﬂolbr@&ﬁiﬁiﬁdﬂlﬁde liflehi s

conbi nati on ‘provi des” an advantage over the ?ri or art tip cooling schenmes in
t hat, toutaddoitevmptdve thaefficiomcyplof therepginatas mellathetdby aghip lowerrg engine

ir i [ t | the.tip. | eed f |
bl ¢ <SR Eost e DeIR S TR Tk Sop P dEREn Lt T BAkS: e
ef fi ci enpe efdlkivh aldERAN LiDoSWalISNE: ebolidp&ipT esent invention enpl oys at

| east one plenumtraversely disposed between the pressure and suction

sidewalls of the airfoil. A plurality of inlets and a plurality of outlets
are in Iowcomﬁgiigti N with the plenum Cooling air, supplied from the
cool i ngP¥mmAry ol dpe IRenOP; 6j | | enters said inlets, transitions into said

pl enum ﬁi&ﬁl ©fhi §l%o°\f'%icﬂscu9§bh!a?lﬁ%tljx (dPavibdcROA éﬂéﬁe@kfé@ atd WeRdditbd alleViatddS
preferre hat the plenumincludes a plurality o
by the present invention.

[011} The present invention provides a microcircuit cooling system that employs a new and
effective approach to convectively cool a tip of an airfoil in combination with film cooling.
In particular, this combination provides an advantage over the prior art tip cooling schemes in
that, to achieve the same metal temperature at the tip, less cool cornpressor air is required to
cool the tip. Less compressor bleed flow results in the additional advantage of providing an

increase in turbine efficiency.

[012] The cooling system of the present invention employs at least one plenum traversely
disposed between the pressure and suction sidewalls of the airfoil. A plurality of inlets and a
plurality of outlets are in flow communication with the plenum. Cooling air, supplied from
the cooling circuit of the airfoil, enters said inlets, transitions into said plenum and exits said
outlets into a region outside the airfoil. It is preferred that the plenum includes a plurality of

micropassages through which the cooling air flows through.

[013) As described above, the present invention can be implemented and utilized in
connection with many alternative airfoil (blade and vane) configurations. The combination

EH- 10840 3



m cr opassages through which the cooling air flows through. [013] As

descri bed above, the present invention can be inplenmented and utilized in
connection with many alternative airfoil (blade and vane) configurations.
The congfiapaffeqiveConveditéQodling prayided bgchd mizropassages endbraftaciivgtheroe ded by
the m cropassages and b) effective thermal , insulation on the tip surface
due t o ih§ulaticsoul thagppadesaidie 1@ fBUI0SHNE DRPVIdES ALORIFA tiPgas oM ntional and

t designs. Th irfail tin.empl.oying t  cial . cool i
Gosi on convan: atthiirentdesfisod Nips BT HRE Hob AL G RARcAShRoofRE ' 1O,
but al %{%si'g%rg%’eg%rc&\ﬁ? E@ehti&?’ Wl RSt cl?-i{li? h§eeNRYigerlQivite TROUPEISS @fprdvevent i on

al so cont a nethod tor cooling a tip of a turbine blade suitable

. for usserdil wetind effloieney. conpri sing the steps of a) fabricating a
mcrocircuit under a surface of the tip and b) providing cooling flow from
a cooling flow source to flowinto an inlet of the mcrocircuit, through a

pl ural ity Plrfl G ORFRRARRSH o3RS fbinp ResH ANl Bir BLHHER g STblfeblhde 1 O

exit i s stream a etrp ade. scription of the

Dr awi nggithld $br Useen RaSaRbihe donepHsimthyklebs of0ay falbr cheing inbierbcirbyit uader af
exanple, with reference to the acconpanying drawings in which: [016) FIG I
is a sisupecd pitie ipond-b3 providingicookingilow feonya soplinmilen sewge eIy iBtRant ype

enpl oyi.ng. t turbine airfoils of the present invention:.. [0 | 2is a
pers pedP&\? BP &Weéwcﬂ:!‘“&u?ﬁbf%}’ %Rﬂ‘;‘%}‘ﬂé’ﬁ]’“g&%’%ﬁf&ﬁﬁ! AgC 8% %fra&h %‘plztc‘l’tjfrt&e nt
practi GRicPhcifchlt™ €0 idtD9hd Pis strefrleh theQip itftRe Bladdle; [018) FIG 3Ais a
perspective view of an airtToil incorporating the mcrocircuit cooling
schenme of the present invention; [019) FIG 3B is a partial perspective
view of the tip of the airfoil of FIG 3A; [020] FIG 3Cis an enl arged
partial perspective view show ng the tip adjacent the | eading edge of the

airfoil . 3R : G 4 is a partial external perspective view
of the %ﬁ%"}gkﬂ@r |@n|(ﬁr{§82%r%ye{%€ge wi th another enbodi nent of the present

i nvent i[@B5] The present invention will now be described, by way of example, with reference to

the accompanying drawings in which:

[016] FIG.1 is a simplified cross-sectional view of a gas turbine engine of the type

employing the turbine airfoils of the present invention;

[017]) FIG. 2 is a perspective view of a typical turbine blade showing a form of current

practice of film cooling for the tip of the blade;

[018] FIG. 3A is a perspective view of an airfoil incorporating the microcircuit coohng

scheme of the present invention;
[019) FIG. 3B is a partial perspective view of the tip of the airfoil of FIG. 3A;

[020] FIG. 3C is an enlarged partial perspective view showing the tip adjacent the leading
edge of the airfoil of FIG. 3B; and

[021] FIG. 4 is a partial external perspective view of the airfoil tip in accordance with

another embodiment of the present invention.
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EH- 10840 4 Detail ed Description O The Invention [022] A gas turbine engine
10, such as a gas turbine used for power generation or propulsion,
circunferentially di sposed about an engine centerline, or axial centerline
axis 12 is shown., The en%i ne 10,includes a fan 14, a conpressor 16 (Fig.

: _ ednvepdiony ¢ ur bi ne 20. As is well known in the
o G RSB a1 0EE 553 L ) e el v

i's bur 'on section expand turbine 20. The air
conpr es384h14iBn (iR uAFERNEABOH spdicd Ebalt ad kngiRe cthterlinesdr axial tenterlime paind@d i n
the turbine 20 can both be referred to as a hot h_ggs stream fl ow ( hot
combustis ehovgrasEhe ergmne 10 majudeo s fanThe atcomipreseontp (Fag| 1) deeorplstpr seepiopi8ch,

and { ande ke €0, B Rewab Keon i Searatir Epteetrg ip SRsorapLfE ik Brisi
or bl a%ﬁcﬁﬁimeﬁwfcms Bhb@id r?xe%f)m\ﬂé{{gﬁis%@tioanBaar\tF&#ﬁﬁdédhﬁ tSbffecsn, of FI G

1is for ustrative purposes only an s not alimtation of the instant

| nvent iTHe ahésHhpresyed e theasompeysdr D (Figs] )tand henfs] mivedrefesparadedan thecal power
generation and aircraft. [023] Referring nowto Fig. 2, a typical _blade 24
i's showarbimethcan bath bpzcfnmed i arovhal4ps stswm fawdhotemhusion gaseh 2880%4 i n a

| i, slot f Q. ' . i sk 32
(Fi'g. - B 1o bR inciufe-biar? 2o Sayerb ik 4ot FerEeiihy SRS s ghe
di spos edirtfRbN 1 G (Fig Ot 18R 84.PThe 1PBine 20 chpaifesafiteititinprawdeoPduand is fed

by at | east one internal cooling cavity (cavity) 38. The internal cavity
i s fed agoil$ expblades Fdrand statis adoily erocnes 26 The vse of the system of FG.ddskemg hol es

34 j.de_ext | fil ling,issued on the tjp 36. ] Ly th
Cadh a1 GRS Rbeses pRY JBS P SR e sh iy e BudiongeHEr BTk’ pocsi bl o
in an ecfnﬁﬁeggaengéi.sgafbiﬁa%se& f QD p¥vNgdnbfieRQh Rltcraftr to cool the tip

36. In practice, Is very difficult to achieve uniformcooling of the
tip 36 due to the conplex nature of the mxing of the cooling air ejected

f t £il , i th_t he hot, ' ' th th
tur bi nd038] Releginenow [oBig Zee paicel Hgdn b omng EsshblR et BLREOTR! Bl i ng
A S A S i e
m cr ocidiskiB2 (Bg. 1 ) Typizally, iz @oratify ofisdadd tipiBing 4oolngivades eis dsposset witkinand

outer end portion or tip 36 of the blade 24 and is fed by at least one intemal cooling cavity

1.), aDesatledDessription Q64

(cavity) 38. The internal cavity is fed cooling air from the compressor 16 (Fig. 1). The film
cooling holes 34 provide external film cooling issued on the tip 36 in generally the radial
direction. Some designs use as many film cooling holes as possible in an effort to flood the
tip region with the cooling air to cool the tip 36. In practice, it is very difficult to achieve
uniform cooling of the tip 36 due to the complex nature of the mixing of the cooling air
ejected from the film holes with the hot combustion gases 28 traveling through the turbine 20
(Fig. 1).

[024] Referring now to Fig. 3A, the blade tip cooling design of the present invention is
shown. In contrast to the blade tip cooling design shown in Fig. 1, the present invention
employs an embedded microcircuit 40 in the tip 36 of the blade 24 to provide convective and
film cooling of the tip 36. It is noted that the microcircuit 40 shown in Fig. 3A illustrates the

flow path of the cooling air (cooling flow) 41 at it transitions through the microcircuit 40.

[025} Referring now to Figs. 3A, 3B and 3C, the features of the present invention will be
further described with reference to an airfoil of the blade 24. FIG. 3. FIG. 3B is a partial
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filmcooling of the tip 36. It is noted that the mcrocircuit 40 shown in
Fig. BAillustrates the flow path of the cooling air (cooling flow) 41 at
it transitions through the mcrocircuit 40. [025] Referring now to Figs.

3A, 3B and 3C, the features of the present igvgnt,ion i1l be further

|
descr i ipetspestive view of dheclép elotha itk efdil0. 3A. (HIE. BEagian onlarged gerspectivyeiewp | o

a partial EH 10840 erspect.d lew of the tip of the airfoil of FIG 3A
FI G 363%‘%%%?1%@?3“@?&@5@&% view showing the tip of the airfoil of
FIG 3B. [026] The blade 24 is cast and has a hollow airfoil 54 with the

cavity 38 located therein. The blade 24 is disposed radially above the
dovet ai[026)0. TheNs aden24isrcabt and\hias y haBowayfdib5d tvithnthe cooma8npcasedithefean.m .

I ti - tjne channel ling circuit), with th ling air 41
Cypi caling Bhade 1 poeeOpny ahbvelnt SBFGa Piofbé Hucmalgs ShmaEb o g 1)

of the engine d ' ' r r.abl, | Iyl has a
ol ur ar 10y Vsl Brma P R ePER TR RS (SRR EEARD TS dd g arat
connecty c&]%r _Beiﬁ?ldga%ﬂi&i‘ of RO hir BEEdFtdm eedingtessbh €6 CRIEPIasfsie ergine,@ki 9. 1) .
The bl ade 24 inclTudes a _generally concave, first or pressure sidewall 42
spaced deseriteddierginghovei Poaferfablye tieiainfoiy 54 hanaplurgidy of fmernleopbng éavitiesecond
or suction. si dewa 4. The sidewalls 42 . 44.are joined.together

o a1 | yCODBTERH 38 g enat o ettt soakE fig o B medRRlrtro 1,

ext end h t g i £ A8feSsiddvealPyY §fhickd 54 neets
an int ég?g;?b'p?g% fB %ijnzggﬁ?%@%ﬁgéewrghggméévt f{gi%‘g‘?‘i%n t rllat encl o@es t he

ai r f oi llatadallyldrusrcutniierentidlhyf ieirhosh path fromemcanery seabndwerd Jucten sidewhll BhcTbdes

the suction sidewall 44 and pressure sidewall 42 di supagsed n g@p si ng
si des oideyalisds. ¢4 atsdpined feesieT arpally oRROS|E keading g UANESA1Eet At i se
bet wee : d%rﬂﬂc)@é}fb bld; ' ; SRAQW se
bet ween%%é%gnlﬁ?g’t orm andlbfiﬁ(kaddfllghglﬁggr&? rt,‘mt Baerog))?(?gr@.ﬁngfe"tﬁv\gllézlrfcgg% nclé’tgdes an
ext er i can integia pbatfdim, Swrthe 0p 36fr db pogidnapatsanciosesth¢ irfoibid.f Bhes) tie7. The
hot combustign gases (gas flow) 28 flow across the exterior surface 66 of
the ai 8Pl 584as ] Mé&%‘uﬂe incldes thesyriien %te?%?lfﬁ? s BB i ve
ef 1 ci cngdyAPR iRPoscAlANBpilin SREOLY 2 HRBY EahbGirksbl FHEfkyali 8B, 44| m
ef fectiveness 1S fequiredtoran advanced cooling configuration. Fig. 3A
i 11 ust rexraRi dHoed wise bosvees the ledding hind 116ilipg @dgart46, N8 avipeotivilp catdaspamuisboar d
of the cavities 38. Mcrocircuits may be machi ned or otherw se nol ded
wi t hi n ketyesn the phatiprm and the tip. Further, the external wall 58 includes an exterior surface

66, part of which is top surface (tip surface) 67. The hot combustion gases (gas flow) 28 flow

across the exterior surface 66 of the airfoil 54.

[027] Microcircuits offer tailorable, high convective efficiency cooling. Along with high
convectve efficiency, high film effectiveness is required for an advanced cooling
configuration. Fig. 3A illustrates the microcircuit 40 of the present invention located outboard
of the cavities 38. Microcircnits may be machined or otherwise molded within a part. Ina
preferred embodiment, the microcircuits are formed of refractory metals forms and
encapsulated in the part mold prior to casting. Several refractory metals including
molybdenum (Mo) and Tungsien (W) have melting points that are in excess of typical casting
temnperatures 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

EH-10840 6



preferred enbodi nent, the mcrocircuits are forned of refractory netals
fornms and encapsulated in the part nold prior to casting. Several
refractory netals including nolybdenum (M) and Tungsten (W have nelting
pol “tsahﬂ'%ilsaﬁc%sésﬁ eﬁé@ﬁﬁ&udﬁﬁit} 3R 6@ behainlg! e foﬁﬁﬁ@ﬁﬁ@k%ﬁﬁ:x%ﬁm sCKek based
superal | oys. These reftactory netals can be produced in wought thin sheet
or for dectilitysiiddsa nelnssdasign capablaloé swodlingg wakmgsbbliing kgelac Adter sistingof
those found in turbine and combustor cooling designs. Specifi(ial | y, such

t

mi cr ocithecisfrastopainetal €an hp reraenedgdsuch s targhcherusal demeval ghermaldeschinigs & ¢ o,

Tbust ; . i g | ) .
endvai P32tk Tthods; [eauiE LERRER ok B g BeAERcbIE PO IF et iy 35T o

i n wholieisQloted thkiathe BasIRtE ddsl VST tRY preadiRirvehiePrhafilalsdbe mahbFRired Lsiagory
nmetal sheets EH 10840 6 and foils possess enough ductility to all ow bending

and f oimvesyném estogtpthmques ayithecerdihie cothsct i ity yi el ds a robust design
capabl e of surviving a waxing/shelling cycle- After casting, the
refractory netal can be renpved, such as through chem cal renoval, thernmal

| eechi or | | : : ' ' A ' 181

m croc :P?chu] [ tThélf g%%smﬂﬁ@;ﬁg.Coggﬁbwbl??%ﬂﬁgg'dtgﬁﬁe %EEPE%QOIP?F%}?%%& gn
of thedfnmvently divposed orithivatheajpsi® dfeherbladé 24 bushedviuiaiFig 3. Tiveestvitiest38cast i ng
techniques with ceranic cores [028] The present invention for tip cogling
of a bREWboard;af themicroeirauitdd Bie micsociicait 40nGudes at iegskangyrlet apsyivgs dhosed

W thin 3&'%%3{0%;1 ﬁnﬁ)rm .to??nlal a%gﬁgr%%tﬁ?&\&g%\ﬁﬁ .a{ ﬁaﬁio%'ﬁgﬁ}lﬁlgﬂggﬁlae\‘}f iaﬁ& 38 are

I nboar crocircurt e mcrocircurt es at | east one

inl et ppefefabhea plaralit of ben@kipynarepbtimidtletd. y of inlet apertures or inlets,
and at | east one outlet aperture 72, and preferably a plurality of outlet

apertures or outlets. [029] The mcrocircuit 40 also includes at |east one

pl enum C (.18 referably twy, discrete plenu Le Il ow

Cormun e, AR R Prmaltad] e bod B 1ot ST T ByE of BiRoer v Prefiliiu e
enbodi disttete pleanmsAngldwRolhRibARor ithiBPMas 20laRyihe outles§3. Inlihe pl enuns 78
traverse the tip 36. The plenuns 78 are thus radially bound or defined with

a top Ppraferred embpdiseeng themdratwioplemims Theepasaed by @ rdu83. | The plesumay8 t he
B L e e e TG
: ng)ﬁéguﬁhﬁé SL e P4 bbtiein ihritr 36rfack! SAOIAIRE WEL RS Ay 70 8ifedt tif cddliggRirenuns 78

from the respective cavities 38 into the respective plenums 78 thus impinging the cooling air

4] onto an inboard surface of the tip 36. Also and preferably, each of the plenums 78 include

a plurality of cooling passages or micropassages 80 through which the cooling air 41 is

directed. The micropassages 80, located within the respective plenum 78 as shown in Fig. 3A,

preferably interconnect with each other to provide mixing of the cooling air 41 as it

transitions from the inlets 70 1o the outlets 72 thus enhancing the heat transfer across the tip

36 of the airfoil 54. Preferably, the micropassages 80 are positioned generally cross-wise to

the mean camber line 60 and cover the tip 36 from the leading edge 46 10 the trailing edge 48,

as shown in Fig. 3A. In this way, the cooling air 41 in the micropassages 80 travel in 2

genera] direction that opposes the flow direction of the hot combustion gases 28 flowing over

the exterior surface of the airfoil 54. Also, it is preferred that the micropassages 80 converge

from the inlets 70 towards the outlets 72. The benefits of these features will be detailed
hercinafter.

[030] The cooling air 41 exits through the outlets 72 to a region outside the airfoil 54.
Preferably, the outlets 72 are rectangular in shape and flare outwards, as shown in Fig. 3B, to
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a plurality of cooling passages or m cropassages 80 through which the
cooling air 41 is directed. The m cropassages 80, |located wthin the
respective plenum 78 as shown in Fig. 3A, preferably interconnect with

each ot hgr to proyide m xing of the cooli n‘ghai.r 41 as it transitions from
the i nl @ilyseiecgolingaisdi uppr epstiehiberedivmn Ehadiffupiennagle, erassbown imEimss t he

' 3 f. th irfoil 54. f bly, th ' 0 Lt d
T 358t b bl R R b SRS O O Ry 17
the | eagie 3I&YIS aAbarigled ?ﬁvﬁrﬁ%&bﬁg tRAGEIGHEhd mBs p?é‘!@}é%ﬂl)}, thddiftletsSTd aljlcn this

way, the cooling air 41 the m cropassages 80 trav I'n a genera

di r ect i anglachgtwarp posass theaif 3din diange fromrappioximaichoibouo 0w 4§ idegreeqaes 28

fl ow ng ove!r:qdoghe exterior surface of the airfoil 54. Also, it is preferred
that t HBCHUEdsRmAHEestion nerpalde g U sustace. Rsclierably, sheroutletsnéd are dispesesit | et s

72. Th nef. f . es. W be detailed hereinatter. [030] The
Cool 1 g SRy e prd SR SIASAIET B Inc RO OFRR b s sBitef sPBi aEbemie®a 1 1 o)
54, Prthéwaahigyandttbﬁ]i@g;_édgﬁﬂﬁﬁ& Pfeferhlsl§ ! ABGNEB 7012k SRFGEd aBfcédtang |
outwards, as shown in Fig_ 38, to EH 10840 7 diffuse the cooling air 41

upon ejREEXinEte tchihe spetinm sidtveal 4 sndsixdenciingl gsnerally aaislhodinection Bo ghat U813, i s
D of or PR AR 43 B Hieate 5 iRy B rPuEomsr e RS R: BB eoqingiih
most  prigterdedt! dbwilstiBarh Wi HR suikd: B fhd @@g& ﬁﬂeﬂdw@g{ge&:&\ﬁ?ﬁé&s gﬁﬁsr f(;&ﬁ;én@ in a

range from approxi mately about 0 to 45 degrees, nmeasure m
di r ect itowardsrithewbutiess 7hHeat is suntaddronPtieftgr 3bihys hedimgahe tadling 2ar 41 85 it

di sposed proxi naat to . the pressure sidewal| 42, extend therethrough and
are spdte§ dpart _SéEe BUSIR G Qe theerpling alid is pigried dpre thgasicaepagspges 80,
Pr ef er abbsh pdri} fifiria i dedn i RPEGARAILARENL A0Ml4 tBLOXL BBHELQ L he
suction sidewal I 44 and extend Iin a general Py radiall'y direction so that

the conbmagtuai, it chh flow beadheioparfithe/tip B6.OThEE thedj€dted ddbling QiR 4 EEREEbdIY €
caviti s 38. .The_cooling air 41 is coldest downstreamof the outlets 72
and dudhf BXERPEPHILE %&ﬁ%&m&ﬂ;n%ﬁk@ cuitaip that pratecis tiedip Iookthe bladnddout | et s

72. Heafod - ' t ' | i jor 41 it
{r aver QoI BlRrion Bl 28 ahd faCes 180 B inE W O 0on s pb e m ¢ e
ni cr opabsag 8. Bthis wiy, thetipac bf el ayrfoil 34 iscldd\Rirky btR Mterhal@nve@diaid on

gases 28 and hecause of its own nomentum it can Tlow over the top of the
tip 36.exwema filpeoalingct ed cooling air 41 film cools

[031] The present invention also incorporates the use of a passageway 86 in the trailing
edge region of the tip 36 that extends from one of the plenums 78 generally along the mean
camber line 60 of the airfoil 54 and ending proximate to the trailing edge 48. Preferably, the
passageway 86 is defined by a length of approximately about 0.3 inches from the trailing
edge 48 of the airfoil 54, due to limited space. Also and preferably, the passageway 86 is
undulating to promote the formation of circulation cells thus increasing heat transfer in the

trailing edge region of the tip 36.

[032] As shown in Fig. 3C, located within the plenum 78 and in the path of the cooling air
41 flowing within the plenum 78 is at least one, and preferably, a plurality of pedestals 88
extending within the microcircuit 40. Preferably, the pedestals 88 extend from the top inner
surface 82 of the microcircuit 40 to the bottom inner surface 84 of the microcircuit 40. Most
preferably, the pedestals 88 are cast integral with the metal and extend in 2 generally radial
direction within the plenum 78, cross-wise to the flow of the coolin g air4]. The pedestals 88
serve to provide structural integrity to the blade 24 as well as enhancing the heat transfer
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the exterior of the tip 36 by providing a filmcurtain that protects the
tip 36 of the blade 24 fromthe hot conbustion gases 28 and reduces
| eakage of the hot combustion gases 28 above the tip 36. In this way, the

tip 36 'Of‘?l% P}e%rﬁjjgﬁcﬁ%éit%@d}ij(iﬁrga?%lv%dmgﬂswnﬂBEl}én%mﬁﬁ co%ﬁﬂ%ﬁﬁwl% wlichs

ext er naf® _ & présent 1nvention al so I ngorporates the
use of ?ﬂﬁﬁ%%l’\@éhd%étibﬁ‘rithﬁ Fréf@tdbly) the fedigstals @8iaestribed Réthed reg@arly bat

ext end romone of the plenuns 78 generally along the mean capber |ine 60
of the igepflaily, odramdieandivkmep rodinvetase the hehlecondudtianrpathe dfesugefersbt.er abl y,

th 86 is _defined b I h of I mat el bout ,0.3 inch

e PAES AL e e o b O 5 B 5 R e
d f Ly, NE-H d Jafel [

s L

regi on wpfve ahfodsisBetitfty ddfihddlbyAursdiowdie sitle bhikls (g} extambinedrdly toward tliee pl enum
78 and in the path of the cooling air 41 flow ng W thin the pé&;’num 78 is

at | easpedestal ceatad. iris ndersiopd by thesaskilled yn e gy thegscopg PEWR ng wi t hin

the mcrocircujt, 40. Preferabl t d I f : I nner
surfac é“ée?wttbﬁtetﬁ?ﬁecc%ﬁ l?ecﬁ?’%'}/czb ofﬁmg segﬁé)lt%?’ %dm%? ﬁ%eﬂgﬁ?‘l asgcraa eggﬁéﬁ Q?ﬁ% e

M cr oci e WbdireiCheaMisisfertnfbfdeitny , Fififer fefesdAlileffoct sy thosd skiltddegnie Wit h
the netal and extend in a generally radial direction within the plenum 78,

cr 0ss- wirsand withingtht sowpeodf thikdnventibn iyt benefits andrdvanjegesaf she pelestals S8 may o
id t t | i ity to th d 4 I, | ol t he heat
P anst v oy Sfivasl b, rin theiokitels Be Aocatsd espirally b @Epn S B, "o, "o

tur bul e%ﬁﬁ:? Iskdbek 3@, CcoOOling air 41 as well as providing heat conduction
pat hs. Pre %!rsa%ey, t he pedestals 88 are shaped, either regularly or

irregularly, to pronote turbul ence and increase the heat conduction path.

cl over. @83) gl themrelimel spbatiniaa e Raphy Hop LB ety et duie bt o o

shown i %bﬁbﬁmageg}r a Jt(iti)?lfi?nl:'ﬁesl tS%ng‘t?ﬁéi hs %}E’Qﬁouttd?@?ﬁ@ﬁég A SmBSt préfRiublR

Cross s I on I ne rour arc e panels that extend inwardly
toward st lgee dentad] Zimohes:  ThetdistancenDebatwoen theytop barfase of ihe 36 to thadomr t

R R TR B LT T M
transf ef, SR OPSGHBS; afdtabf Prefelably SpadifatiyRott R X (t0ReSAcKES] Thed in

t he
height, H, and the distance D, are measured in the radial direction as shown in Fig. 3C.

[034] Referring now to Fig. 4, at least one purge hole 90, preferably a plurality of purge
holes, extends through the tip 36 and a countersunk portion 94 within the tip surface 67 to
maintain the cavities 38 free of debris that can clog the same. The purge holes 90 do not

interact with the cooling air 41 within the microcircuit 40 and are in flow communication

only with the cavities 38 to purge any debris from the same.

[0351 Referring back to Figs. 3A, 3B and 3C, the benefits of the present invention illustrated
and described herein will now be detailed. The present invention has the added benefit over
the prior art of minimizing the leakage of hot combustion gases 28 over the tip 36. Blade tip
leakage is a function of the pressure difference between the pressure and suction sides of the
airfoil 54 and the acceleration of the hot combustion gases 28 towards the tip 36. Blade tip
leakage results from the hot combustion gases 28 going into a gap between the tip 36 of the
blade 24 and the blade outer air seals (not shown). This leakage is undesirable as the hot
combustion gases 28 are not traveling through the turbine 20 to produce work. In the present
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art and w-thin the scope of this invention that benefits and advant ages: of
the pedestals 88 nay be equally achieved by using the pedestals 88 | ocated
general ly between or within the mcropassages 80. [033] In the preferred

enbodi ment, the height, H of the mcrocircuit 40 i r.ef er.ably of
appr oxiiryansiop, hesaelTg 3141 exihibs Wﬁetaagr"bm#ﬁﬁl C%‘%B‘tp}ﬂe‘éx gg%-}‘%(%c hes, and

t f bl . . ' ' . th
Cop. sorpboRraty o Beneh corby oAl f5 Ho% b GPE i LordinsharBiep 36 8L 1eB0 10

40 'S GREIRhEMEhOt cORMUELGH QikBs 2NHRSedlGn@PPdrake TRGEl0Y theetiadet 240. 025
I nches,” and nbst preferably approxi mately about |ess than 0.020 inches. The

hei ght, H, and the distance D, are neasured in the radial direction as
shown in_Fj C. 1034] Referring,now.to Fig. 4 .at [.east ol e
a0, " pr dBaFhER e e pseEy G g0 Ase 1t s aonfteei ol Bt Bt PRoHE 2o
a count ' L HRBO24 Reachidve LA 2RI optnal iR dbolh rdsliRs.
cavitiégég‘g%?g%&meg esgj?iﬂé\éthat can cl 08 thle sa?re.oél'he g?rge h%l es_90 do
not i nAeaRatiomidHeréihsbovepthi: Rgoliig aidsupply Bsiobtdihe fromthecompresson 06 £4Fig. & e in
fl ow communi cation only with the cavities 38 t urge any. debris fromthe
sane. (W95} ubimaelyidishpizer intg ampgien imgike ty%%%ﬂ-%&ﬁs isrhir RIS HRHED A31BY] he
present. | ' ' t . ' =Y | WikesIDtaithed.
The. pr dEb{REEBRekior (BER, Ffand i IERRCIMARCNT ofhcbonk, THEIELSCH

M ni m zhragent Hesigreadeaberefure biotd ropdlusstthanalgas 05% 8f thedreetstrearigas 86w B ade
tip leakage is a function of the pressure difference between the pressure
and suoceidere thepseaparasitia 9ges. ai rfoi| 54 and the accel eration of the hot
conbusti on gases 28 towards the tip 36. Blade tip |eakage results fromthe
hot conbusti on gases 28 going into a gap between the tip 36 of the blade

24 and [P])'J?] b B¢l eoshitigffeati verRedatio (9@éfinet @vabe rafibiof tHeaakpgratirs diffeasicrodbl e
as the hot conmbustion gases 28 are not traveling through the turbine 20 to
pr oducethgdokcombustion gasesSrandivhe bigk anataltermperaluss 10 e deraRrEpturrydierenss exit s
the outlets 724 in | - r LNto the
hot co n%eﬁ‘sv?? “o%lcglf Q% E:&2]@)'fﬁ‘éc?)jrv(\)/q'ptg% L?s%ng%? +(?rél?:"t} r(%ga})?lr'\‘] g?ﬁ'r P‘tacﬁéc;ﬁitﬂs’bﬁ]g%nlt: hus

pr event éfpndeRCanindes sy foodesipagona edoling@fiet BadticsiOrativ ¢ exdess of gboB670% t he
bl ade 24. [036] Further, the present invention also limts the anpunt of

cool i ngbesiakseshe snelenthe svetal tomperatue thethettemthe @xemilidusabilaty of thedlads dte 24 to
achi eve’fﬁiﬁslé ar\c%lft!:v%d?ﬂ ﬂ'neogpr%e%ﬂn vteﬁt?onci?lqlwioqg.iyrs.e %['r]sf Film cooling is employed to
reduce the temperature of the hot combustion gases 28. The temperature is reduced due to
the mixing of the cooling air 41 as it ejects from the outlets 72 into the hot combustion gas
flow. But, it is not desirable to rely on this method completely since, as addressed
hereinabove, the more cooling air 41 taken away from the compressor 16 (Fig. 1), the less
work the compressor 16 (Fig. 1} can produce. So, and as described above, the present
invention employs a novel approach to internally convectively cool the tip 36 10 achieve 2
desirable cooling effectiveness ratio. It is noted that traditional film cooling of the tips of
airfoils does not employ this method to a high and reliable degree of efficiency. The mcasure
of convective cooling efficiency is a function of the heat pick up of the cooling air 41 as it
travels within the microcircuit 40, as follows:
Ne = [T cooharom— T coolant, in) / [T metat - T cootant, in)
where:

T coolant,our = temperature of the cooling air exiting the outlets
T cootont. in = temperature of the cooling air entering the inlets
T metat = bulk metal temperture of the airfoil.
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As nentioned hereinabove, the cooling air supply is obtained fromthe
conpressor 16 (Fig. 1) and is ultimately discharged into a region in the
turbine 20, This is air that is taken away fromthe conpressor 16 (Flg 1)

Gesi gn ORI freerBpd R doyt bR ol ek s ey digrl iy BhBERL
gas fl c%QFltﬁ\?sdéHbﬁ g'ﬂ?esﬁp ]?@bﬁﬁubtdirﬁoll%@hc plegerh d&hgn aehitves thigirfceeased eness

ratio i ned as the ratio of the terrperature difference of the hot
conbust hiean pgiagsin28mamiskr ofievalyslak willnalv hiegletailedt Finst. the pedestals #8drat ur e

di fference between the hot conbustion % s, 28.and the o | an coollng
i 1) " Filehdenis BOmPETH BN LR GIRDBRS B JUR o ety 400 Bel At o &
coolin er the
rotal VRS Y AR RV B et B SRR tre Oy R e e <
I s achi gyeder puth."Thipd aheitlets N0 providaa sourdensf inepiiszertent stolinfgidf thecupléagy i s

enpl oyed to reduce the tenperature of the hot conbusti on
t enper athgrceoling psdd dtﬁns@@égP rem the inleis 570 ARFDEEL Ve RICERI $a8ES %‘? aﬁ]}?ﬂfﬁ@ ¥i T];

oot destigbr rgnes G fn 56 prQl e PoRfPTRAF bt 6 805 34 e irtihecshént o
her ei na nfehsutcflsn BTaE §s G&?'deﬁ&lb% dindkltht SK@ionN@Yoffthe Birfolles4de proresse eileﬂrﬁ]

(Fig. 1 ess work“the conpressor 16 (fig. 1) can produce. and as
descri bﬁdlm@ gurtices Waighrimmpese high theemial l@ndmptlm;ﬁsctmmd@val phothe Iblqdé
internally convectiyv

| h 36, bl |
ef fecti FORENOTHESS; 45¢ 8‘?% &g H?fi%ageééﬁzgmf’r’%?ﬂ"?? 31\{’6? E%’E)]Ir %cﬁ‘;‘ﬁ%ﬁlan? i ps
ai r ol asn.i.ﬁﬁf'essu@ﬁﬁn B@PH@Y nstighd FIGRF. ORksk Qoﬁlc@e Aive ¢k riaf ém’?gﬁ & degree of

eff|C|ency € neasure convective cooling efficiency is a function of
t he heamagmakumpmndididebtiorcwhén thgy aascadel arsisfalltover oretu ¢hessustiomside he mteffcrc

mcromrcwt 40, as follows: 71C = %T cw a t Tl; i ant ~ | §< ,,,,,
ST ¢, , , With the maingteam g2¢ logiihym eirat seWﬁéfPQFtFﬁe‘Bf He tﬁweﬁﬂﬁ nYeRtgl ;¢ ng
h , I h
the out h&%fgoﬁk@’%ﬂfpketﬁgon fﬂBPE‘Jo% & o) tﬁe{‘ﬁ%%o ing air entering the

inlets terrper ure of ai rfoi I EH 10840 10 [038]
In the equation above, turbine engineers and designers seek a design with a
hi gh heat

[039] The present invention also has the added benefit of convergent micropassages 80.
The cooling air 41 is subsonic so the convergence of the micropassages 80 between the inlets
70 and the outlets 72 serves to advantageously accelerate the flow and increase the heat
transfer coefficient. Thus, the microcircuit 40 of the present invention provides yet another

means to increase heat pick up.

[040] St further, the present invention provides the capability to tailor the chordline
spacing of the outlets 72 that provide film cooling to the tip 36. In the prior art, the spacing
between the film cooling holes provides modest film cooling coverage. The cooling of the
metal in this area depends on conduction within the metal to cool the tip surface and, as such,
the metal experiences temperatures higher than the average film temperature. The design of
the present invention permits the spacing of the holes to be closer together at areas of the tip
36 where the tip leakage is greater. The present invention, unlike the prior art, |
advantageously provides for the shape of the outlets 72 to be rectangular in shape and have a
cross-sectional area that increases as the flow transitions through the outlets 72, This
increase of the cross-sectional area or divergence of the outlets 72 advantageously diffuses
the cooling air 41. By diffusing the cooling air 41 as it exits the outlets 72, the coverage of
the cooling film is increased. This increases effectiveness of the film curtain at the tip 36
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pi ck up thus cooling the tip 36 of the airfoil 54. The present design
achieves this increased heat pick up in a nunber of ways, as will now be
detailed. First, the pedestals 88 are turbul ence pronoters within the

m o1 0pg5ages, 0 of L NEIULBIAR [kl 40pSPROa e BRAGN ahudnal so

serve e SUF face ‘area 4 hereby enhanting the conductive heat

transf eghap@hdthe TREthEd of Memifadiafess d811HgoIhde, ia Usopresent dfventign, nigecrmtageool i ng
of the tip 36 as the cooling air 41 transitions fromthe inlets 70

r espectproeided by dimsmayes i9gfechve rd efificignt ascompaggdioghe prionast depienshe tip 36
proximate to the suction side of the airfoil 54. The inpingenent on the
suction side is very desirable since the suction side of the airfoil 54 is

prone t[®4ﬂ<jteﬁéféfxlin hb Pk MO.Igirﬁﬁlsex‘(\é?mf}:e}ﬁ&ﬁ%_m\gfaftﬂwﬂail tp3ada on the

suction sidewa 4 of t bl atle 24. Thése vortices are caused by the
gases 2&chtdantergithwaothehembodimefit dfitbe pieséraihvehtdomiscshbwainl iImghis aliematave o t he

ti i d I nst flow. Th ti h ' |
Torrent LA GRS Gahtlb AL RRPIoNE DL an dotIoP AT a6/ OAE P CRGTEERS 81
id i nt erf iih tk LSt f. L g t
ot oot | oS e of e Ao AT g E AR PRl Bbocirkc SRy o

cool i NgsHefF 920RIch R thé Eoodifglalti3q]is TeeteB TRMLHe Juble TR dio tlesop barfaceléd «idded
benefit of convergent m cropassages 80. The cooling air _41 is subsonic so

the conthetipe¥f; es oppased torthepagsavrs sidef e sidfoilddishowa 1n FigeB4. 70 and the
outlets 72 serves to advantageously accelerate the flow and increase the
heat transfer coefficient. Thus, the mcrocircuit 40 of the present

i nventi RmEr@%idéeéiﬁéatabaw&l&eﬁrcsdmamnm\ daMWed Aperandd Ridokilized on040] Stil |
further, the present invention provides the capability to tailor the

chor dl i connestparcivith many dlermstive aroilAbladn and yans) icorf1 gurptienso Srther. i19st he tip
36. Inth ri rt, fhe,spacin between the fil|m.cooling,holes provides
nodest ¥% tE%‘gf"Y ﬂ_{?s'éé{?g'Fgg& B'Fﬂgnéd’ﬂm'% cﬁoﬁ%ﬁthﬁéfﬁq"t‘f)ﬁ%ﬁféear ea
depe“dsm%g%ﬁ{é‘i’.rs% the mittdpaisdpd W0 ARUAE spRinEARkrebitfiebh RS HEE BEMePRbestAS
such, the Tfretal experiences tenperatures higher than the average film

t enper ag8irerutlefiad e isipe and orieimetipn emexnil be varedito optipererthe 6p chelimgpfoziang of
the holes to, be, cl oser together at areas of the tip 36 where the tip

| eakage8iven gittll €4518Mhe present invention, unlike the prior art,

advant ageously provides for the shape of the outlets 72 to be rectangul ar

in shape and have a cross-sectional area that increases as the flow
transit [(33 Thosuhd ptesentonntentos pit¥videThaicooling system that employs a novel approach

to film and convectively coo) an airfoil. In particular, this combination provides an
advantage over the prior art tip cooling schemes in that, to achieve the same metal
temperature at the tip 36, less cool compressor air is required to cool the tip 36. Less
compressor bleed flow results in the additional advantage of providing an increase in turbine
efficiency. As compared (o the prior art, the present invention provides a novel microcircuit
tip cooling design to synergistically improve performance and extend blade life. The
microcircuit 40 of the present invention provides an improved means to film cocl the tip 36
as well as a new approach to efficiently and effectively convectively cool the tip 36. The
combination of a) effective conveclive cooling provided by the micropassages 80 and b)
effective thermal insulation on the tip surface due to film cooling provides a cooler tip as
compared to conventional and current designs. Thus, a tip 36 employing the beneficial
cooling design of the present invention will not only have a longer service life but also

improve overzl! turbine efficiency.
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i ncrease of the cross-sectional area or divergence of the outlets 72 --
advant ageously diffuses the cooling air 41. By diffusing the cooling air
41 as it exits the outlets 72, the coverage of the cooling filmis

' ' ffect 36
e, e bt WGBSR By A
g?si ?Pﬁg!ltﬂ%ﬁﬁgg datf?gthﬁké Q4\& inithe ﬁweaﬁﬁts%%g@ﬁﬁ@%%aw acture is

present 1nvention, the coverage provided by film
cool i n@quﬁafeﬁw{mﬁy be sattineéd fmeﬁmﬁcn&sthemn‘bmtedultdnpmegﬁﬁmrmtheaﬁcopéd thgns.
[041] Referring nowto Fig. artial external, pers ectlve vi.ew of the
ai rf oi [inY§nsioe ﬁddlaeednab)heedmtﬁﬁof&dﬁ%@ermé 445 1cy ﬂ{eS’B’PBB‘éHt

inventio | oyed
or of or dBPs B 1o Rpgt et P e BB G REPAEE TR a‘é’gﬁfﬁﬂﬁdf R BRI

si de offTHeadord, 'itflﬁ’!lﬂten"_tfbd tHit4Re 1ﬂv3ﬁl@iﬂdt%$1nﬁﬂadqalﬂ1&9{b:irﬁ¢ula’idmlﬁ‘l¢mbﬁx
positioned on the shelf 92 such that the cooling air 41 is ejected from

t he outdistleseds dlxet lest mode opntemplateskios zamying putethe iyesBon, Pyt H&bﬁ&savq%@ he
re re. t rfo 4 sh n Fi descri bed above,
Ito heS;S)lrJé% B OE Fl?r@Ht‘f’g‘f?ﬁlb"&wtlﬁtdﬁ?ﬁﬁﬁﬁ’\ém'%ﬁmgﬁgf anﬁppée‘%%]c‘):}umébn?\eclti on Wi t\rll

many alternative airfoil (blade and vane) configurations, Further, it is
understood by those skilled in the art and within the scope of this
invention, that the arrangenent of the m cropassages 84 and the spacing

t her ebet ween, the size of the pedestals 88, outlet and inlet size and
orientation can all be varied to optimze the tip cooling for a given
airfoil design. [043] Thus, the present invention provides a cooling system
t hat enpl oys a novel approach to filmand convectively cool an airfoil. In
particular, this conbination provides an advantage over the prior art tip
cooling schenes in that, to achieve the sane netal tenperature at the tip
36, less cool conpressor air is required to cool the tip 36. Less
conpressor bleed flowresults in the additional advantage of providing an
increase in turbine efficiency. As conpared to the prior art, the present

i nvention provides a novel mcrocircuit tip cooling design to
synergistically inprove performance and extend blade life. The

mcrocircuit 40 of the present invention provides an inproved neans to film
cool the tip 36 as well as a new approach to efficiently and effectively
convectively cool the tip 36. The
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conmbi nation of a) effective convective cooling provided by the

m cr opassages 80 and b) effective thernmal insulation on the tip surface
due to filmcooling provides a cooler tip as conpared to conventional and
current designs. Thus, a tip 36 enploying the beneficial cooling design of
the present invention will not only have a |onger service life but also

i nproveWsv@hiahi turbine efficiency. [044] Wiile the invention has been
descri bed wth refeLe ce to.a preferred enbodinent, it wll be understood
by thost ski 4 WEPIps, FH%CQWPnﬁﬂéi vari ous changes may be nade and

equival ent . YNBSS Uhth i RUER RABRIE LS SRAAE L0, LT

t he scope of i nvention. tion, made to

adapt asiffallih€lubimf predsurtdndriuion §idéwedlisgbint@idgbtict RAeliNGanPirailing eligisent i on
w t hout departing fromthe essential scope thereof. Therefore, I't Ts
i nt endetnd ¢xdgndingfiomaraoténatipt be linited to the particul ar embodi ment

di | d t.he best .nmnd . | at .for j t the | ti. but
That the'i ovatlBfs Aoe iR bRsepn b SR it G i td Bbehssage R 1€leb po-
of the appanelark: arl Aiter aflttdid 34Hetia My rthhicdion/ Wi EHd 'ﬁﬁc@glﬁ%‘ﬁ%c; and

conprising: a hollowairfoil into which cooling flowis nowa roman end
of said airfameansfrgrovdingsioplingBbwdp sgid pifabwherermidemtlingrilosy evml | S

j oi ned toge at _l.eadi. and traili .edges and extending.froma root to
Lo o A0S o s aBBtens e Suf SR tonniote il i ot Saif gofl nlo’s
rni cr oprgfoRdfaréine kadasfan inlet and an outlet, said inlet and said outlet

in flow conmunication with said M cropassage; and a neans for providing
cooling flowto said airfoil wherein said cooling flow enters said inlet

out 1 et it o TnE plagh o S of fenit s Siirast o AHEtEr da porestt ey *
furt herextéifdsl 1438t Rlpaniathe ?’éﬂﬁ oP%ﬂS%Béﬁnr% W fo fls@id rﬁﬁgé.sﬁa%lk%ﬁée. extends at

| east in part in the path of said cooling flow flfow ng In
m cropassage. | The bl ade of claim2, wherein said pedestal is shaped to

Promol e U1 e B ., 1980 Bl b 8 s TORGRAAS: 219

cooling flow within said micropassage and increase the heat conduction surface of said tip.

4. The blade of claim 3, wherein said pedestal is clover shaped.

5. The blade of claim 2, wherein said inlet is in flow communication with a cooling
circuit located within said airfoil and said outlet extends through one of said sidewalls and
directed against said tip for impinging said cooling flow thereagainst.

6. The blade of claim 5, wherein said outlet is disposed within said pressure sidewall and
is angled upward towards said tip in the range between about 0 degrees to about 45 degrees

with respect to an axis normal to a top exterior surface of said tip.

7. The blade of claim 5, wherein said micropassage is oriented substantially across said

tip between said suction and pressure sidewalls.

8. The blade of claim 5 wherein said micropassage converges towards said outlet and

said outlet diverges to diffuse said cooling flow therein.
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4. The bl ade of claim 3, wherein said pedestal is clover shaped. 5. The
bl ade of claim2, wherein said inlet is in flow Cormmunication with a
cooling circuit located within said airfoil and said outlet extends

t hr oughy one | | I - g ' ' Lep. f or .l i ngi ng
sai d-coel i ng 13 S pELRIT, wRecBhithai df )Rk 2ADAANR shiffod MribilR

out | et Jeast th profresh ovel dfi sRidsadetvANs @B E Whid outldedaénds taBdgh sd eoHi&surkogr d
towards said tip in the range between about O degrees to about 45 degrees
with r esfdees pertionforiire comlingedf svid tip.t op exterior surface of said tip. 7.
The bl ade of claim5, wherein said mcropassage is oriented substantially
across said tip between said suction and pressure sidewalls. 8. The bl ade
of claijy5 vq(?fg | Lk converges towards said outlet and
sai d oul?j:' et |v§?gbe§p%lgmg??§@%2$§al "ooling flow therein. EH 10840 14 9.
The bl ade ofatdéast onelmiosbpaseige @ntkdtapproxinbielledons & meah eambeakideq ssidr f ace
portion ,at_ least in part fromone of said sidewalls and said outl et

ext end LI BIRYamateitg said rilingedee andpn flowrqommutieationorith said mittepassess ng of
said tifp. . £ clal further i.ncluding. at..| . one
i cropfgis?g%eg s&ﬁ%‘%ﬁ@é%ﬁ%ﬁ g%dmﬁzve% %aﬁcgs‘é?“ﬁéﬁﬂ gambe %'Idleﬁgﬁ%f sai d

ai rfoil proxvh@ti said @cmmgtfr@ fromsafigiea06nd Midrbpuss4pe Brenicdaubsmuniyh sai d
m cropassage ~oriented substantially across said tip between said sucCtion
and pr QSEASP saigitipdwhveen sajdheycsion andipttsswrolsideryalls everssoith mizrapassagk egentedne

m crop e oriented substantiall. cross.said tip between, said suction
od or ABBTmBleEAbfE GRUREAT Gy e ol g st Gt uimde R TR B sietd

al ong teRes W3Ol MBEHct digpRsd witRinnd Eefrwr'sum%f@ihj.rés@ur%as'i&waﬁla' ling edge
and exits through an outlet di sposeé wthin an extérior surface of said

pr essurpEoximpts eyl saiprakingedge.t o said trailing edge. 11. The bl ade of claim

5, wherein said cooling flow transitions through said m cropassage in a
direction that opposes the direction of a gas flow, said gas flow fl ow ng

across 1N  eRieBladd ofSdlaindS SwRérein\Rid e RMf g fibo trdiicfink biRbhgtt QP HiGoP&Esage
in a direction that opposes the direction of a gas flow, said gas flow flowing across an
exterior surface of the blade.

12.  An airfoil comprising:

pressure and suction sidewalls joined together at leading and trailing edges and spaced
apart from cach other therebetween to define an intemal cavity extending fongitudinally
between a root and a tip of the airfoil into which cooling air is flowable from an end of said
internal cavity;

at least one plenum traversely di spoéed between said first and second sidewalls;

a plurality of inlets in flow communication with said plenum, said inlets being

 separate and spaced apart and positioned proximate to said tip and adjacent said suction

sidewall;

a plurality of outlets in flow communication with said plenum; and

a means for providing cooling air wherein the cooling air enters said inlets,

transibions into said plenum and exits said outlets into a region outside the airfoil.

13.  The airfoil of claim 12, wherein said inlets are in flow communication with the
cooling air within a cooling circuit located within the airfoil, said inlets directed against sard
tip for impinging the cooling air thercagainst.
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pressure and suction sidewalls joined together at |leading and trailing
edges and spaced apart from each other therebetween to define an internal
cavity extending longitudinally between a root and a tip of the airfoi
into which cooling air is flowable froman end of said internal cavity; at
| east one plenumtraversely di sposed between said first and second

si dewaljlgs;  PhPhivoft!ofchaimil 2, Alried icTudid O3 l%%%ﬁtﬁ?lﬁrg\g‘ggﬁksﬁkﬁim)ﬁnum

said inlets beling separate and spaced apart proxi mate to
sai d tiegtendd antipsidepart smite patlcof the coslirpeainflbwing iplsnidallériuyn.of outlets in

fl ow comuni cation with said plenum and a neans for providing cooling air
wherein the cooling air enters said inlets, transitions into said plenum
and exijtss saf L nt | OF ' .rfol Lrfoil
o ol aitey 12 T BHoliRle b2, b 2o PHicatat shilfeciiipihbre iulehbfpfiht

cool i ngoaling wirtwittin 3aid @MniuRgarii inctehde the adtedntdtibh Ruifhe ¢fishidajg., said
inlets directed against said tip for inpinging the cooling air

t her cagai nst. EH 10840 15 14. The airfoil of claim 12, further including at

| east pegest. ajd pedestal radially. .extends at |east in part in the
path oftd; ne D prel oL AmASarReRm ALl S Ferte. i rioil b ol alm
14, wherein said pedestal is shaped to pronote turbul ence of the cooling
air within said plenumand increase the heat conduction surface of said

ti p. 167. Thelte affoillof olaiml 18i, whifein sdidoetiars saidisposabwithin sasl presuersidivegiled.
17. The ﬁi rfoil ‘ﬁ)f claim13 wherein said outlets ar§ di sposed within said

pr essurPBArGRREIFT UPWRRY 1oV ards fgidip 1 dlrrenst Beliieam kot @ degfees i 1908t fange

bet wee : ; | 4 to an axi s nornal
to a tgﬂ;@i&)%%' g@o&%ﬁﬁ%}e&éﬁgﬁ%@? bdﬁ%%&ﬁ%gﬁ%&ﬁgﬁ@%@} claim12, wherein
said tip includes a countersunk top surface portion at |least in part from
one of said,sidewal.l nd said outlets extend through said countersunk top
sur  acdpor t THaGH of cfap owﬂﬁﬁub?aréawcqué a fgunigfEnk [ YriacoPORLR 2 13,
wher ei ' |G j: ' '

generapﬁlgggc %gga@ﬂ t.‘gﬂﬁ?ﬂ”e@ﬁlﬁég%@h?&f}%g’r‘ﬁéﬁﬁ?@?ﬁ? %a'gqlteg—guv\ng{j[f) g and

i n f| owurface portion for film cooling of said tip.

19.  The airfoil of claim 13, wherein said plenum includes a plurality of micropassages
oriented generally across said tip between said suction and pressure sidewalls and in flow
communication with said inlets and said outlets, said micropassages are arranged to be fed

the cooling air from said inlets and to discharge the cooling air through said outlets.

20.  The airfoil of claim 19 further including:

at least one micropassage oriented approximately along a mean camber line of said
atrfoil proximate to said trailing edge and in flow communication with said at least one of
said micropassages;

wherein the cooling air from at least one of said micropassages enters said
micropassage oriented along the mean camber line of the airfoil proximate to said trailing
edge and exits through an outlet disposed within an exterior surface of said pressure sidewall

proximate to said trailing edge.

21.  The airfoil of claim 19, wherein the cooling air transitions through said micropassages
in a direction that opposes the direction of a gas flow, said gas flow flowing across an

exterior surface of the airfoil.
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communi cation with said inlets and said outlets, said m cropassages are
arranged to be fed the cooling air fromsaid inlets and to discharge the
cooling air through said outlets. 20. The airfoil of claim19 further

i ncluding: at |east one m cropassage oriented approxi mately al ong a nean
canber line of said airfoil proximate to said trailing edge and in flow

conmmunigat i Oﬁé'%i%n%%icﬁirﬁtw[ %ﬁ@feilpﬂﬁ%ﬁ{iﬁmé&k cﬂﬁéﬁ@ﬁﬁ&@gﬁ&sai&g@ﬁ@hma@e

cooling air om at [ east one of sai ctopassages enters sail

m cr opasadae heighesf mdgrabtentiah heourdedSaaither |ine of the airfoil proximte
to said trailing edge and exits through an outlet disposed within an
exterior surface of said pressure sidewall proximate to said trailing

edge. . The. ajnfaoi .al rej | { I - Ltions

edae, %o bl BleoBlA PSR Sk i N o RSB L bEAREA T 00
gas fl Qpessafd Hdaad] £Amﬁc!;iewmﬂwan{s‘a&ﬁ%@&ur@%ﬁ@mcﬂbn sideivanejonfedtibgetiér f oi | .
EH 10840 16 22. The airfoil of claim 19, wherein said mcropassages

i nt er c A ieadingandt teailiog pdgss and katend fromoalicat thitbic dipy thefrmeeocigceibscompning: about
0.025 mls. 23[ An eg‘orgdd d rricrgc'brc L.t suitable for use in atip of a
hol | ow ai r f of PIugaltfy Q4 ewﬁ?’@%%}h\” IChicQRiRE ®r YRY R%ycti on sidewal |, said
pressure ands Spehi 00 i mh b el itk kg
edges and ex%gtﬁg&q[?gmﬁgg?%@écfo t{?h%h%%g%?ﬂfﬂe %pgg%%dllrcu?l?ﬂ(%fsi ng: a
pl ur al ithyough whitlette dobling ait mdy emkercool i ng air may enter; a plurality of

I nt erconnect njcropassages.ipn flow conmuni cation with said in]ets, and

t hrough whi cﬁpl%éﬂgeipwﬂﬁs aaﬁomg;mgﬁma}wa“m T{GFORASSARGH: SOy tlgtsarey
conmuni : i ; in

cai d pragidspl LA R he HORRSR AHE Bun G R B LIS o B (e AT Eesthdes

m cr opassage®n exeerir tethcaip ebxheairfoil; amd t he tip of the airfoil; and a neans
for supplying the ¢cooling air to said inlets. 24. The mcrocircuit of claim
23, further ?H@Pﬁ%ﬁ%@“ﬂ%‘ﬁl“géﬁ copliggpadestigdinigissposed in the nicrocircuit
and in the path of the cooling air to turbulate the cooling air flow ng

within the
24,  The microcircuit of claim 23, further including at least one pedestal disposed in the

microcircuit and in the path of the cooling air to turbulate the cooling air flowing within the

microcircuit.

25.  The microcircuit of claim 24, wherein said pedestal is shaped to promote turbulence

within the microcircuit and increase the heat conduction surface thereof.

26.  The microcircuit of claim 25, wherein said pedestal is clover shaped.

27.  The microcircuit of claim 23, wherein said inlcts are in flow communication with the
cooling air within a cooling circuit located within the airfoil, said inlets directed against the
tip for impinging the cooling air thereagainst.

28.  The microcircuit of claim 27, wherein said outlets are angled upward towards said tip

in the range between about 0 degrees to about 45 degrees with respect to an axis normal 1o a

top exterior surface of the tip.
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mcrocircuit. 25. The microcircuit of claim?24, wherein said pedestal is
shaped to pronote turbulence wthin the mcrocircuit and increase the heat
conduction surface thereof. 26. The microcircuit of claim25, wherein said

pedest glg i S.”ﬂ*cﬁif’c"mﬁ&%ﬁ%ﬁ cladrh- 23T iBerhitdant inicrbpdssddies atoadriontid towbenaitiallgai d

inlets are in flow communication with the cooling air within a cooling
ci rcui travesatiectimbttuiean theesuation aid presaiasifewdisssaidl mieropassagpsispsuTanged i p

for inpinging the cooli air. thereagai nst. 28 The. m croci I ui t, of,.claim
27" whip BF Ae@oBRE B S0 BT VAT oA BEITR Y PTYER i fliefange
bet ween about O degrees to about 45 degrees with respect to an axi s nornal
to a top exterior surface of the tip. EH 10840 17 29. The m crocircuit of

claim2p, WiEKEhitreatchitifelapassfagher iacledingt ent ed to substantially
traverse the tip between the suction and pressure sidewalls, said

m cr opassageat leastomy migrgpassagerisatelagprosimaely along wmean raRbrAing At et s and

cl ai m 29 eRpTIRmateTBbEHgnE stel e L CorRitbafida g oy Ry BrgofSatet L

appr oxi gt aXs:r}EP”Q a nmean canber line of the airfoil proximate to the
trailing edge and in flow comunication with at |east one of said

m cr opassageshereimatheicnolinpeaic frotri vagl imkarcdrmech reigrapassages erdens gaid

rni cropassages enters said  mcropassage or.iented..al on e n.ca r

i ne ofMicRePassaseARENtsAImEIhe mcanfweg?fﬁmequﬁ'& aﬁ‘ég Pf%ﬂla&ot@g?fﬂ‘r‘%gﬁ an
outl et disSRas ftholthi Bh Bult disflosdd QfihiahfebFioP burkdie diRSHeearshidaval |
proximate to the trailing edge. 31. The mcrocircuit of claim?29, wherein

t he coqhrogignae to thearasling edge. t hr ough said micropassages in a direction that
opposes the direction of a gas flow, said gas flow flow ng across an
exterior surface of the airfoil. 32. The mcrocircuit of claim23, wherein

said ouff ets : A& HeSolih P air tfintifl6nd ARSihRGideen about
0 degr :’tefs' tng%g{jﬁegiksﬂtegr eegrp\z/\lﬁi’?ﬁﬂ?égébect Dtlogglrll-tax%ls nor % to a top
ext er i omicsoipsedes df a directidnthat opposes the direction of a gas flow, said gas flow flowing

across an exterior surface of the airfoil.

32.  The microcircuit of claim 23, wherein said outlets are angled upward towards the tip
in the range between about 0 degrees to about 45 degrees with respect to an axis normal to a

top exterior surface of the tip.

33. A method for cooling a tip of a turbine blade suitable for use in gas turbine,
comprising the steps of:
fabricating a microcircuit under a surface of the tip, said microcircuit comprising:
an inlet to allow passage of cooling flow from a cooling fluid source within
the blade;
a plurality of interconnecting micropassages in flow communication with said
inlet and through which cooling flow may enter; and
an outlet in flow communication with said micropassages, said outlet
transitions the cooling flow from said micropassages to a region exterior to the tip of
the airfoil; and
providing cooling flow from the cooling fluid source to flow into said inlet, through
said plurality of micropassages, and out of said outlet to exit into the gas stream at the tip of

the blade.
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33. A nethod for cooling a tip of a turbine blade suitable for use in gas
turbine, conprising the steps of: fabricating a mcrocircuit under a
surf-ace of the tip, said mcrocircuit conprising: an inlet to allow.
passage of cooling flow froma cooling fluid source within the blade; a
plurality of interconnecting m cropassages in flow communication with said
inlet adl thTbegletivid affclamod3, wdicfdinsaiddiybrieatieg saidunicradiral ¢ehprises tHeow
comuni cation with said mcropassages, said outlet transitions the cooling
flowfrﬁFﬁ’%"oﬁ]d m cropassages to a region exterior to the tip of the

airfoil; and t.dj lina flow.fromthe.coaling fluid source to flow
into said infagb{%ll%r%%éﬁ&%%}’%l%f'mgﬁ?W@?Fﬂﬁ@?lﬁrﬁgg?é%s, and out of said
outlet to exirsehigQaldefra@srSheRPHAL ol®fdricRufiz thé BRI Ade. EH 10840 18
34. The net hod of "claim 33, "wherein said fabri cz§t| ng saild mcrocircuit
conpri ses t heemoviepsaidfefractmhimmal g thedfladecafer yastimgal i nto t he form of

said m cropassages; inserting said refractory netal into a nold for
casting the blade; and renoving said refractory netal fromthe blade after

casting3s 35. THO eI WIS 18 ﬁ,@ﬁ&éﬁsai%ﬁﬂ@ﬁﬁapﬁ%ﬁ%{trﬁﬁga et gﬁFétg@{‘rﬁ)ﬂ\ from

a netal selected from the group consisting o ased oys and
cobal t thageshipeddneisting 86nickélcbased ditgs @ahd cotmilrbasad aldyer ei n sai d mi cr opassages
are fabricated under the surface of said blade at a distance no greater

t han about 0.03 inches. EH 10840 19

36.  The method of claim 33, wherein said micropassages are fabricated under the surface

of said blade at a distance no greater than about 0.03 inches.
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