TURBI NE ELEMENT (1) Field of the Invention This invention relates to gas
turbi ne engi nes, and nore particularly to cooled turbine elenents (e.g.,
bl ades and vanes). 10 (2) Description of the Related Art Efficiency is
limted by turbine elenent thermal performance. Air fromthe engine's
conpressor bypasses the conbustor and cools the elenents, allowng themto

be exposed to tenperatures well in excess of the nelting point of the
elenent's alloy substrate. eTﬁgﬁhQQg Bé@ﬁgs represents a loss and it is
therefore desirable to use as FE ossible. Trailing edge 15
cooling of the elenent's airfoil is particularly significant.

Aerodynamcally, it is desirable that the trailing edge portion be thin
and have a | ow wedge angle to m nimze shock | osses. In one common net hod
of manufacture, the main passageways of a cooling network wthin the
elenment airfoil are formed utilizing a sacrificial core during the el enent

casting 098 h f0| | surface may be provided wth hol es
comuni céﬂ R e-li] en%ﬁ rk. 20 Sone or all of these holes may be
drilled. ThesqhigEvdnfich tﬁlhﬂesfuolgm hobissengieprad suarepaitiehlakiotdopisd smawe

surfaces and hol es along or ar the trailing edge. BRI EF SUMVARY OF THE
| NVENTI Onelesesnesy (@ign glages %Hﬁ]e"a& ect of the invention is a turbine el enent

havi ﬁlt%QAEHrfml The airfoil extends along a length
fro qg fi (?L ch ' ERela ormto a second end. The airfoil has | eading

and trailing ezfgasn@nsihpmteeb)utteblandma@ﬂh@wabﬁeﬂ@@a@ﬁe‘\ﬁ|f'i°f‘b'th epgae’s

cooling passage net | .ud BATRA bé eSOt

ext endi ngCOF}Pb?FF?Wng\{’ t}QD ﬂ"ﬁg a&gc%ésath{e%@grgfg@qﬁhg tralgi I ng e%gbg The sl ot
local 1y sgp g&aiu?és VRIIER SNERs andle &umnlg(pmrsbﬂtﬁwaleinemrmlloyonbst@fe Thecogling of |
and has opposed first and second sl ot suLfac

posts spawmcmwtswépweﬁ ity ip theprfere defiee ]éﬁ?i“%clféllﬁng%al'é?sdj \R%PF E%‘rl{%% éeo I'n
vario {%thgp{{lgte[e Et s éllﬁg]l RO feully AR a6t KB QREcAlyON 5 debieatat Ot NO

gr eat second end may be a free tip, The posts may
i ncl ude atheeailing@dgs pirporobe thpomddiavea fow wedsrepgle I EBReShoH 08t ES trai | i ng

the | eadi ng grou a secon%br(rieoferl PV tl{%fmé?gggs%%gl“}'ay%fldd&ghﬁé’lﬁet%fkst

net ering row, eéf’mp’é’ﬁﬂ Fervenrng grotip Det ween the first and
second  MgL&L tHY eSS aiToIEark ifdraied nELiEing mgpcribioiaheye thavg the element castingn
factor or gﬁ)tcgs '}]E]eaar:rfgl? ?érfacc);g rr}a;] %e provided with holes communicating with the network.

20  Some or all of these holes may be drilled. These may include film holes on pressure and

suction side surfaces and holes along or near the trailing edge.

BRIEF SUMMARY OF THE INVENTION
Accordingly, one aspect of the invention is a turbine element having a platform and an
25 airfoil. The airfoil extends along a length from a first end of the platform to a second end. The
airfoil has leading and trailing edges and pressure and suction sides. The airfoil has a cooling
passageway network including a trailing passageway and a slot extending from the trailing
passageway toward the trailing edge. The slot locally separates pressure and suction sidewall
portions of the airfoil and has opposed first and second slot surfaces. A number of discrete
30  posts span the slot between the pressure and suction sidewall portions.
In various implementations, the posts may have dimensions along the slot no greater
than 0.10 inch. The second end may be a free tip. The posts may include a leading group of

posts, a first metering row of posts trailing the leading group, a second metering row of posts
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| eadi ng group. The second netering row may have a restriction factor
greater than that of the |eading group. The intervening group may have a
restriction factor Iess than the restriction 5 factors of the first and

second et er it 646 mell Wt DR R i Abbd BT Y 6 aROBE S

spaced ahead an outl consi st essentrally
of a ni ckehetatihpyowsTTike ﬁmmetenng mvt maghadgeeafictidndaadrdredtdr themythitat ktheal ong

an outlet of the slq The posts nay be arranged. with a | eadin up of
a nunber oFHREBIOBP. ﬁ@é@?ﬂnﬂé}tw%.wtﬁlva&ha&%feétrwamt Festor gt?@‘ef@wgtﬂg of tht

essent i al |k, gy el ATTHRGREen AP SrduBLBL BN Biksh 216, Do Ml BAARA! | ONS

el ongate int rect I on assocl at r ows. posts may have
di mensisnsfaetoosng tlnehﬁarssdndtsemmdgm@a‘hgrrows.ﬁém pOstd thay mehide Anmailingrarag pEpdstsof

the invention | rb| | ement-farmng core asse I ncl,udi
ceramc elﬁ’tar%qﬁ'taiﬁ%o‘) @Oﬁltegl?]a @tconﬁ*hteesicé‘gglw%fae‘}‘@ﬁghlrog’h@?
portions f&(acﬁ?alllu?g?eﬁfge oPﬁhEtairﬁJﬂ' tay @ lalinB dn B8R 6F e Qfbt. |"ﬁﬁ%o§’t§ m%y%@ Betded
network within the turbine elenment. The 15 refractory nmetal sheet is

secur ed townhele@émargr@petfemmbelp@fgows @f@@mw@xltlaemmuhgpam, agfailingtrewiofi ng  one
of the portlons The she aper.t ures bet wee d first
and' secondtsSlmL ARDIF BB TGP EULIeFR THb I B BRI R RsRRE IR L
suct i orp si gieecher bf ®eis asbciated mws‘ Thé pts miyieave dirkéndRnehlen®e e slot Ao YRalePUS

i npl ementations there nay be at | east one row of circul ar apertures and at

20 | east otanPdRingh. apertures el ongate substantially in the direction of

their row Therg, iRy Bt Qi}tH%ﬂ#ran[blﬁg? {1 R}Pﬁng%leﬁkﬁ'}gﬂﬁ{ﬁg ?ﬁg%&%\%@ﬁz nlgglﬁgtgg a

el ongat e apertures nmay be su y rectangul ar
arcuat e. Téearhiowtenieny aris @fraciogenktalishéet. A Heicemmicelbgembps pcfmonmfm fndersng
characteristi and ter|
S]E‘fhaw ng a

Copar at | or DI st 7 o1 A Supe erroR YRGS PERIRE B

characiegri l%ffﬂa&ow thitaiBRek3s 48 €to @1@ éér%iceéiérﬁénlt BosoreE @%ﬁ&hgﬂﬁ of Gailin
assenbly may be conbined with a nold wherein pressure and suction side

meeting | ommquln:smemtSh'éhenﬁted taﬂepettueessh@e«ﬂmg ¢tiveerl mgse@'sretrmdatqoyd

unapertured ort eet Anot her e inven
directed t e tf t‘tgnaas"“" SRR e ReNT c“g’?é{*‘ﬁt"c"“ S“p” R ;éane?‘{fiﬁ‘?é’é

refract orythmhaineena%ht are assenbled. A nold is forned ar ound the core and
30 sheet. The nold has surfaces defining a blade platformand an airfoil
extendi ng from & ageys impleapiatisnaiheismayig ahlcpstone hﬁ*éofe@@éhb pistuEes 28d aind

sheet Veleaétt)t]@&% f.@{/ II‘EW‘O t@s&&%tﬁang ﬁ&%ﬁgﬁﬁ}@ﬁﬂg@%&hﬁ&é AYgbe t he

ai rfoi A nolten a s Introduced to"t
plural such rows of elongate apertures. The elongate apertures may be substantially rectangular.

The rows may be arcuate. The rows may be arranged with a first subgroup of rows having
apertures having a characteristic with and a greater characteristic separation and a first metering
row trailing the first subgroup having a characteristic with and a lesser characteristic
25  separation. The assembly may be combined with a mold wherein pressure and suction side
meeting locations of the mold and the sheet fall along essentially unapertured portions of the
sheet.
Another aspect of the invention is directed to manufacturing a turbine blade. A ceramic
core and apertured refractory metal sheet are assembled. A mold is formed around the core and
30  sheet. The mold has surfaces defining a blade platform and an airfoil extending from a root at
the platform to a tip. The assembled core and sheet have surfaces for forming a cooling
passageway network through the airfoil. A molten alloy is introduced to the mold and is

allowed to solidify to initially form the blade. The mold is removed. The assembled core and
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allowed to solidify to initially formthe blade. The nold is renoved. The
assenbl ed core and 2 refractory netal sheet is destructively renoved. A
nunber of holes may then be drilled in the blade for further form ng the
cooling p : i i : t..prior
o asserbi TRy oy dlghely est Ry g, A Baberirhblct thel ek 18 BOERNET |

t he i nventblade for farthet fofing fthe dvolilepdssapewayipanyikntoks may b fasemitillel én the
description below. Oher features, objects, and advantages of the

i nvent i on Shestiprigetogsprantding it wibhibekeredescri ption and drawings, and fromthe
clainms. BRIEF RO 4 : | i onal view
of a prior art%%?gleaﬁg%mfgénﬁg%s a sgl??%ﬁgﬁvﬁ“é%‘saé?sﬁ&g} @]ﬁgéH of the
bl ade &f Fccompanyig@radingsard thedancsivnibeloal. Otiee feanfresaotjbasand advantigespft o
principles of the invention. FIG 4 is a sectjonal vi of an airfoil of
the bl ade B¢ invertiomwillhe@ppagentdrom thedesesiption yi ?‘alégs,m@%owfth% aM¥sert for
formng the blade of FIG 3. FIG 6 is a sectional view of the bl ade of
FIG 3 during manufacture. 15 Like reference nunbers and designations in

t he various draw ngs i ndi GRIEFIDESCRIPEHRNOF. TISE DREAWINELS DESCRI PTION FI G |
shows a prior turbine blade 20 pavin an airfoil 22 extending along a
length from a PPokiSamedruos YEW Y aipﬁgroaé}lalachﬂ. atform26 to a distal end
28 defjging a bijade idd fctidhal WA an Arfolt el ANRFFIGY be assenbl'ed side by
side wth their respective platfornms formng 5 an inboard ring bounding an
i nboar d porti orFIGE 3 & 4 inean seatidnal viewafi a blederptcardmgtotpoidiiptes of thehmveniidmde i s

unitarily for of .a netal ,all oy. The.al.rfaqil.e s froma | eadi ng edge
30 to a trail {Tﬁfg%é&ea gf%‘o%gleWeog&flﬁﬁ%gﬁéme&#%qeloﬁkgﬁgldges separate
pressure and sugty, §fs Slofesuchbn Sité)aeesf afinssicfor e Bide FFRIGEDO! i Ng
the airfoil, the airfoil is provided with a cooling passageway network 40

(FIG 1) coupl &Gt 6 islmsestionat vigy af theladenf F1G oF duringipanpfastvit-ar y passageway

net wor k. i ncl ud ' ey -ext. [ '

i ong Theai rt arikerIGehEBbe AL o I B RE Ay hl GRAG UhEne.
cavity 44 extending generally parallel to the trailing edge 32. A
penultimate cavity 46 is |ocated ahead of the trailing edge cavity 32. In
the illustrated enbodi nent, the cavities 44 and



46 are inpingenment cavities. The penultimate cavity 46 receives air froma
trunk portion 48 of 15 a supply cavity 50 through an array of apertures 52
in the wall 54 separating the two. The supply cavity 50 receives air from

a trailing group of the ports i ewi se, the trailing
edge cavity 44 receives air from]%fﬁ}gl“ggﬁéﬁg mate Igaw ty 46 via apertures

56 in the wall FIGSIlsmwezeﬁndrhabimmdmms&m@mﬂﬁﬂ rztlexttaﬁdjﬂg(aléﬁgarehghsuppl y
cavity has _a series of serpentine and 63. The final I|eg

63 has a diremarreximalont #etas lrd:'omdpplﬁg ﬂiﬁ‘(?élé‘é? dﬁmlﬁgd%ﬁwdefwwlﬁdﬁ@ 65. The
exenpl ary ?omch% 8} Héﬂs‘séexﬁmfe&)g,ﬁ@t;,gf,ggggigmeﬁ#gg%v@gp{u%ﬁﬁgynﬂszh air

froma | eadi ng groupo eports int exenplary

suppl y favar nb&erd hiag bom'raihr)g @ ihbaank p@Borext fteli pghflnamekdieplply@hfbodimeny deer d
the tip and having a distal end portion vented to the tip pocket 64 by an
aperture 7pladeyspadyilyoragd ef %H\‘?F“E?ﬂoﬂ’z has three isolated segnents

ext endi ng_end- t'fheefﬂm'l 91?:1'5%0 alelaﬁ %@@&'3@% gﬂgﬁln?@@%esﬁjq‘"h@ egﬂlpéﬁﬁ’dvn each

other by 25 walls 74. T nge e cavity 72 ives alr omthe
trunk 68 ttaibugedgan seq:m'aaq/presfsureapé swation sidgGori snrfacesdd hnd/ 76 §dGa)atomgolile

two. The bl ade_.nma furt Iud s 80A- 80P ndi ng, from
the. passagbidy ot mgrpieding i ety s averenk QUPREEEoddng "3
for fujd hep £:00lih tg AREbriITHE Slehipar) PRsagtWhl AGRSIK ihATIR SR D RhiAts
tenperatures. Anong these holes, "an"array of trailing edge holes 30 80P

ext end bet ewenling geperatly l:mgtrhmsmhmgéhﬂt zhreforﬂ rAeni it et isidentiiedas a treftingeni ty
of the traili | i n 44...The trat d hol e

Phve out | crdEesgvin 4 t?’ﬁ@g&%a%‘a@f%@%ymga? igp s ey R g Rt it s,
the traili Hﬁat@&iﬁ&a@%fﬂfﬂﬁﬁllin eugat éaazttsadz hekiRs|1&dReca eRbban¥Rg tikscaditied £ and
separ at ed ég/ I sl ands 84 (FI é In the exenpl ary bl ade air passes

t hrough t h#6 argimpingemerg cawﬁaemlhq pwttm?ée $4viln RO IgeiNGs aif fipmagrua perionds of
N
wal I's pd aQngw i 8%@%@}%}? Pf@%ﬁyé&??’%ﬁhﬁéwﬂﬁ sﬁg%aéa%ng'i twdefid fied

as inpi nge cav |es e cavi Vi a t e slots 80P.
Addi t i onal swgipty dasity Shteeeived dir fﬂ@lghtﬁﬂhig@irdﬂpm@ﬂmc]:@ﬁs Tm the pladforr(LikéWi6, the) f ed
fromthe dist.al nd of %Jle t.runk 48 lﬁﬁarated f.romthe aV|t|e?l 46
and 44 by Waiag FOEs Eaviv A TopeiRs AP, chﬁﬂ BleGPBE 0V iR aReuFR SRitd fheyva

sacrifici akg 6QhRen the t88 [SvaI¥RERS Y¥f the LAKESS ,thets*asp@eaﬁty%ge@er&@%f Serpéfiagn C
pi ece or conbi nation of pieces formng a positive of coolin

passageway lege 6@ k63, aod ﬁﬁﬂﬂ‘g finpdeg % has ﬂstaltqﬂé thﬁGCk@ta tlp/tmpoek@ 64 gh ARCt i ng
apert l;g@ bgﬁ’j‘ﬁn&ugd té;ie TF{% e)gesmp ’bla%e )érc fnc s 13 E' supp y Y okg rec§ Qfﬁ‘fg%oo The

core
from a leading group of the ports in the platform. The exemplary forward supply cavity 66 has

only a trunk 68 extending from the platform toward the tip and having a distal end portion
vented to the tip pocket 64 by an aperture 70. A leading edge cavity 72 has three isolated
segments extending end-to-end inboard of the leading edge and separated from each other by

25  walls 74. The leading edge cavity 72 receives air from the trunk 68 through an array of
apertures 76 in a wall 77 separating the two.

The blade may further include holes 80A-80P (FIG. 2) extending from the passageway
network 40 to the pressure and suction surfaces 34 and 36 for further cooling and insulating the
surfaces from high external temperatures. Among these holes, an array of trailing edge holes

30 80P extend between a location proximate the trailing edge and an aft extremity of the trailing
edge impingement cavity 44. The illustrated holes 80P have outlets 82 along the pressure side
surface just slightly ahead of the trailing edge 32. The illustrated holes 80P are formed as slots
separated by islands 84 (FIG. 1).



10 permanent nold having a basic shape of the blade and wax or ot her
sacrificial- material may be introduced to forma plug of the blade. The
nold is renmoved and a ceram c coating applied to the exterior of the

pl ug. The ceranmj ' : | fichal | & e

I ntroduced to di ?ﬁﬁgg%b%egl%%lri?%%oggﬁpﬁé ,a ﬁ?hsg%s%@r“i‘lﬁlfb é’?gﬁtewggabgd
core may hepirgiapweacthe palichd asl 38yincharhaaThisdelbvigs 4dandtddare idagiflediang and
finishing steps may include the. drilling 15 of the hol es 80A-8Q0. A vane
(e.qg., havMPRyesmeRtayives diigrsk frits thecayty 4hviathersints §054¢idisienal qirds yentedy

formed. Fl ou?li) F ﬂgﬁﬁxggd%&nﬁgtgﬂté%gfﬁ? 99 1l bR didia RE gﬁﬁlﬁgttrluiﬂ?)@ Qﬁq %Para e? ;

pur poses o0 ustrati ade’i's shown as an exenplary relative
m ni maljl y frer rigicaekieeds asmid4 bycawalbp2. of the blade 20 of FIG 1. In this

reengi neering, external dimensions of the blade regain 20 generally the
same. Addi {1 onaieyIade fay e R0t aaperddy BFOnErE LA OB HRKRSEE. BT 41 SETPIABhK 122

of the trajld j ' . [ i th
Ctent § cal Thareed SR 4 Yerdfié g of LM A o B B Bpbiib b the
r eengi neerdoolingpasbagewak setivark indndiap dregesities)tip potkes variesrcoandctiegrafeytut®6 of

the trunk 122 and without an i | | nber of rows 130,
132, 134, aghe ik SO el HERhIGAR o 2hE i usnited i H R (e

exenpl gy y ;?e?mﬁ‘r%?&bm%ingta%si%@H@e%ﬁme%’ldd@ Rhd WaRbEMRESacrHRid]l SRANMAPbE O
the arc of the trailing edge 32. In an exenplary enbodi nent, the |eading

row 130 exinwodisediu fprmalephg of th Hadd Thompldonrefrovgd andabouemicenatingappledsp t he

| ength of the airfaqil. The.remaining.ro extend | argel L1t way from
theo Foot Teexfidedie i The SR SRiRBEmSH it Relabha Vighen meTmille
group of finiteducedvio disilackIfe whra \eitep C6IAIRE A satBfcibonoMEAng YHS nddytbie ddrhyveds
right circular cylinders and having interspersed gaps 30 161. The

pedest al s ($erh a3y shemicpllegching) Further npschigingpang fimishing steps gl inciudg thecdrilbingy
pitch R | St eSS P ' . | =S us a
char ac 5er ?@Sﬁm&%&oﬂ%‘s Fgﬁ %1& aéﬁg’gﬁgﬁgé?g%gb%gg)b@gteﬂdsa?fgﬁélﬁ%h%gtrll)? erline
of the assomiladefdrmmedv and transverse thereto. A row pitch or

centerline-to-center]ine Cj R .is slightly.snaller than P, and
slightly lar gerﬁ{}hgﬁ]’“ﬁﬁaéjﬁ% QB%G%CI‘H&%TH’_F%@F?'XWS’%%' EP’i RJFRSGS %f'?agger ed.
The sl i ght;SLAGARTthe BlalE R\h&RHasSH dxBRplaAHeRESA} miBRASS I@hSinddr&l modification

approxi matel'y out of phase when viewed al ong an approxi mate overall flow
di recti on & thoblage 2thoff G &dnghij reehgingeciag.eiktermb dmengigas ofabe blade ream next

O 10 1R e B AU St B ST B 2t
paral | el t@ailiResuppW)cavidy Y24ir&idé¥tical and are identified with identical numerals.
Notwithstanding the foregoing, alternate reengineering might make further changes. Aft of a
rear extremity 126 of the trunk 122, and without an intervening wall, are a number of rows 130,
132, 134, 136, 138, 140, 142, 144, and 146 of posts or pedestals. In the exemplary
25  embodiment, the rows are slightly arcuate, corresponding to the arc of the trailing edge 32. In
an exemplary embodiment, the leading row 130 extends only along a distal portion (e.g., about
one half) of the length of the airfoil. The remaining rows extend largely all the way from the
root to adjacent the tip. In the exemplary embodiment, the leading group of five rows 130-138
have pedestals 160 formed substantially as right circular cylinders and having interspersed gaps
30 161. The pedestals 160 have a first diameter D, with a first on center spacing or pitch P, and a
first separation S, wherein S; = P, - D;. Dy is thus a characteristic dimension of the pedestals
160 both along the centerline of the associated row and transverse thereto. A row pitch or

centerline-to-centerline spacing R; is slightly smaller than P, and slightly larger than S,. The
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(measured perpendicular to the row), a pitch P2, and a separation S2. In
the exenplary enbodinment, the pitch is substantially the sanme as P, and
the pedestals 162 are exactly out of phase with the pedestals 160 of the

pedest al s T3 oy B8 pRAEL Nfindl Olecrdd!the UAE Rl SrEAGUIS 1l it 25 0"
pitch 10 Hibdbﬂil‘z\mFappfwlrﬁﬂWybéﬂoquhdsd\ﬂ&nrvweﬂ&ﬁmg&nabp@hirﬁale sverdll fow t han

R1, The next r.ow pedestal s 164 al sp forned substantially as
r ounded r.@rﬂctl%él%@l&ha?ﬂeesﬂmﬂﬂfe?f‘sofcmél tugahecdien) s of thl s row have

l'ength, width, @it ro%ﬁﬁ%g?ﬁ&%fagnl@%m\éﬁ’sulf)s%tl er t nde@ Ei%ﬁ?re@} ary

enbodi rrent L3 and W8 are stantially sma and . The
pitch B3, d‘ydmmrerThe pedesslbBi2antve alldngtht Ihd meaneedgmrdiel @nbe 1tolma swaltlgek al so

conpl etel y out hasge so at the pedestals 15 164 _are di rectl behi nd
associ at eo(“b“&}?}ge‘;lB%P U}aﬁ% £637ha ﬁz f-ﬁL }?FQ&’@E?%%EI&%‘& eXBPlagi rect | y
behi nd assggi ﬁ&t%@%ﬁ&?ﬁs%uﬂs%ﬁaﬂ& the¥ah 5&&*] aﬁ§t %&@s@d"s {6¥ark %cﬁﬁ@ut%?d

the row 140 thereahead I s sonewhdt srral . The next row
144 has peplast vits theG@dedtani6F wﬁ’thebsm‘ﬂslﬁam thalldaghnggrmmuﬂihh@qﬂacea}ht leading

rectangul ar c nder s estals 166 | engt,h, . wi dt |tch and
Cpactng. | Lo et RS i Bod b amrenity Selbstinhasectad e Kb poeh
subst afy i ak} detivbh tha PRy 350 &RIMKERROTTY 8 gngitmﬂﬁnmm rhen&@Yov 442 has
t her eahead, but conpletely out of phase soO that each pedestal 166 is

i medi at el pedsgali A64 alsgﬁwnzésul@mn@lhtﬂﬁ rg'aﬁleclaghtursctangﬁhedylmdenSyThmmdmﬂalaof

pedestal 1 A.r oW ch t
t her eaheadl%llssrow Bay e%gtth aﬁésl’tp gﬁlﬁ’}%ﬁ IS(’SParQ%OP ?éf éf%ngﬁ \f(/?mﬁﬁmt he
exenpl ary ﬁﬂﬁtﬁﬁl‘h&ﬁﬂh, ahd 95 ate Bth bmtaﬁmMstﬁﬁnhahmpbp@swi S"h&@ﬂc}fbf hewever,

substantlally as rlght circular cylinders of dianeter 25 D5, tch P5, and
spaci ng 8515(§‘f'l Séﬁiﬁ% 118 same pebeanddls stagegr Q%CO&WV&PSP@W he pedestals
smal | e t I I t he

o ten P Lo ARy el SSo AR e ROET i 165 Bebiemn 14 §2%§?§f‘%40% S5 i
smal | er thdnnectlhbelsaqbassastxatad\ped:cfstatsﬁéznbw pitdhelk; betvaeen thehew BAY ahd Ghe thwr 1dW

pItCh R5 between.the ro 146 e 44 t her eghead i |.i R3 and

O ubot aETeaRRg el Shalfr fhah RS b1 YhE nrlEOR TAE RS nedesatt 56 afdhe 2" e
cent er | i nefphedibsRBtifIRVYs tihded rightTrEdtarg8k bylinkieys VPHeGhe@EstdIN 864 Kk 1dnB edge
32 that there is a gap 180 between the tralllng extremty of each

pedest al 1@&8itmitch.raad spasing lngWadte asbSs. Inhe egbodipentathese are hi ckness
. 0 q
| 2P TRt AR08 LN kA, ALY o B e

pur poses obutidf phissk satha0oeach Podssal p@ﬁiﬁﬁmﬁieala&hebeahﬂwgaps 65 andexdh wap Misa

sl ot 182 extendin
immediately behind a pedestal 164. A row pitch R4 between the row 144 and the row 142

thereahead is, like R;, substantially smaller than R; and R;. In the exemplary embodiment, the
trailing row 146 has pedestals 168 formed substantially as right circular cylinders of diameter

25 D, pitch Ps, and spacing Ss of gaps 169 therebetween. In the exemplary embodiment, Ds is
smaller than D, and the rectangular pedestal lengths. Additionally, the pitch Ps is smaller than
pitches of the other rows and separation Ss is smaller than the separations of the rows other
than the row 140. A row pitch Rs between the row 146 and the row 144 thereahead 1s, like Ry
and R,, substantially smaller than R, and R;. In the exemplary embodiment, the centerline of

30  the row 146 is sufficiently forward of the trailing edge 32 that there is a gap 180 between the
trailing extremity of each pedestal 168 and the trailing edge 32. The exemplary gap has a
thickness T approximately 100% to 200% of the diameter Ds.



froman inlet 183 at the rear extremty 126 of trunk 122 to an outlet 184
at the trailing edge 32, The slot has a height H and an inlet-to-outJet
length L. The slot locally separates wall portions 5 190 and 192 al ong the
pressure and suction sides of the airfoil, respectively, having opposed
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being cast in a sacrificial ceramic mold 300 around the assembly of the insert 200 and the
ceramic core 302. The leading portion 252 of the insert is embedded in a slot 304 in a trailing
25  portion 306 of the core that forms the aft supply cavity 48. Additional portions 308, 310, 312,
314, 316, and 318 of the core form the legs 60-63, the fore supply cavity 66, and the leading
edge impingement cavity 72. Other portions (not shown) form the tip pocket and additional
internal features of the blade of FIG. 3. Central portions of pressure and suction side surfaces
208 and 209 of the insert correspond to and define the pressure and suction side surfaces 193
30 and 194 of the slot and the bounding wall portions 190 and 192. After casting, the mold, core,

and insert are destructively removed such as via chemical leaching. Thereafter the blade may

be subject to further machining (including drilling of the film holes via laser, electrical



7 di scharge, or other neans, and finish machining) and/or treatment (e.g.,
heat treatnents, surface treatnents, coatings, and the like). Use of the
i nsert may provide control over pedestal size, geonetry, and positioning
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concentration may occur with 25 correspondingly less pressure drop than is
associ at edowipiteh Bmisi iACrigdrdhe lengihilisys 0.035umeh. ithegwidth W és@ 015 inch, and the
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smal | er pegegiteh R, prooBscihety a simlar overall blockage factor) controls

| ocal flow velocit The use of a relatively hi %h nunber . of nogi?el ongat e
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desired heat flow properties including heat transfer. A combination of a relatively low blockage
arrangement of pedestals over a forward area with relatively higher blockage in metering areas
(rows) immediately aft thereof and near the trailing edge may be useful to achieve relatively
higher heat transfer near the two metéring rows. This concentration may occur with

25  correspondingly less pressure drop than is associated with an impingement cavity, resulting in
less thermal/mechanical stress and associated fatigue. The use of elongate pedestals for the first
metering row (relative to a greater number of smaller pedestals producing a similar overall
blockage factor) controls local flow velocity. The use of a relatively high number of
non-elongate pedestals in the trailing metering row serves to minimize trailing wake

30 turbulence. The presence of pedestals between the two metering rows having intermediate
elongatedness serves to provide a progressive transition in wakes/turbulence between the two
metering rows. The small spacing and high blockage factors associated with the trailing

metering row also serves to accelerate the flow for an advantageous match of Mach numbers

8
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may be made without departing fromthe spirit and scope of the invention.
For exd@nplaba given dpnsity provides efegten pcupldpgeRtyext eri or contour and 20

envi ronment may influence cooling needs and any particul ar inplenmentation
of the invention. Wen applied as a redesign or reengineering of an

exi sting el enerldne draatrele@bodienth of tk ipetsem gnvestimntent beanydesmibed. Mavartimless,

e wi 1 hi it DRLOSEBSEIK PR A5 O APGse R Rl R oE &SCLAT B | S
and scope of the invention. For example, details of the turbine element exterior contour and
20  environment may influence cooling needs and any particular implementation of the invention.
When applied as a redesign or reengineering of an existing element, features of the existing
element may constrain or influence features of the implementation. Accordingly, other

embodiments are within the scope of the following claims.



1. Aturbine elenment conprising: 5 a platform and an airfoil: extending
along a length froma first end at the platformto a second end; having a
| eadi ng and trailing edges and pressure and suction sides; and having a
cool i ng passageway network, 10 wherein the cooling passageway network
includes: a trailing passageway; a slotCeAMfiding fromthe trailing
passagemaMNhgﬁquﬂgﬁgﬂﬁgﬂ&ling edge and locally separating pressure and
suction sidewal portions of the airfoil and having opposed first and
second slot surfaces; and 15 a plurality of discrete posts spanning the
sl ot between the pressure and suction sidewall portions. 2. The el enent
of clai m 1 wheUPipgelementicemMpEPRLdi nensi ons al ong the sl ot no greater
than 0510 inChaéﬁQcﬁm‘Iﬂﬁ el ement of claiml| wherein the second end is a
free tip. 4. Th efenént of claim1l1l wherein the plurality of posts

i ncl udes: | eadnngfagk oup of posts; 25 a first nmetering row of posts

trailing the leadin rqup and havi a greater restriction factor than a
restriction factor g?‘t%f‘ﬁgg?l@%?r@gﬁ‘;}&%?%éﬁtgﬁcgﬂﬁ%& lﬁ@‘lf%rm G SF GF‘?onsts
trailing the first wg}igghNGdRWndREIIRAYIRY ai FEShFel Ml s@ionsRied; Qhd 9T €at er
than the restriction factor of the |eading group; and at |east one

i nterveni ng group béeviegacodlmgipasssgevaydieyaciond netering rows having a 30
restri%tiov@}fach}%r Iless than the re t.ric%:i_on factors of the first and
second net HierAY e SReIMEsPassagaway IRONprk IAUQeF-ai m 1 wherein the plurality of
posts i ncl udes aardiliy gakdagevdyt ay of posts spaced ahead of an outlet of the

slot. 10 6. The elenent of claim| wherein the bl ade consists essentially
of a nickel al laglot extending fremehetieiling passagewny topaed B iailing edgeand leqally | i ng

edge of t Qgpa?‘gtfrfgoﬂréssgx%lahg SL?cltigﬁ' gldQ\QaIPHérll&;s of the airfoil and having opposed first and

second slot surfaces; and

15 a plurality of discrete posts spanning the slot between the pressure and suction sidewall
portions.
2. The element of claim 1 wherein the posts have dimensions along the slot no greater
than 0.10 inch.

20
3. The element of claim 1 wherein the second end is a free tip.
4, The element of claim 1 wherein the plurality of posts includes:

leading group of posts;
25 a first metering row of posts trailing the leading group and having a greater restriction
factor than a restriction factor of the leading group;
a second metering row of posts trailing the first metering row and having a restriction
factor greater than the restriction factor of the leading group; and
at least one intervening group between the first and second metering rows having a

30  restriction factor less than the restriction factors of the first and second metering rows.

5. The element of claim 1 wherein the plurality of posts includes a trailing array of posts

spaced ahead of an outlet of the slot.
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5 of the slot. 8. The elenent of claiml| wherein the plurality of posts

i ncludes: a leading group of a plurality of rows of posts having
essentially circular sections; a trailing row of posts having essentially
circular sections; and 10 a plurality of intervening rows of posts having
sections elongate the direction of their associated rows. 9. A turbine

el ement CQPIi §4BYiemeft &ljcﬂ’&iﬁﬂr%ﬁrﬁﬁ%&ﬁa&r&oﬂéi&g sty iagghfg%ﬁﬁ.aﬁb hg a

length froma first end at the platformto a secon aving a | eadi ng
and trailing edges and pressure and suction sides; and having a cooling

passageway, netwrk, wherein the coolin assage t wo includes: 20 a
rai | ng. HassagDRAYTER & Amch PurTan i B RITE S PPl ok el BATR A OBl
the trailipgeafige and locally separating pressure and suction sidewal |

portions of the airfoil and having opposed first and second sl ot
surfaces; and nmeans in the slot for providing a generally progressively

rearwardl y, i ncreasj ng heat .25 transfer .coeffi.ci ent er a first area, a
fE ot eam: hoatTie FleAbrLet i VR ER e e S BeiFon at ¢ of sad
first area, a a96RNh RE@AKoMERHiralify SR 0fRAE hivihEfsertRBP ck A skdi@né;i I St

peak heat transfer Tcoefficient at a second | ocation aft of the first

| ocation, and @& tagdiowlrowrad@gits havingessentipliineifcalar sestiens aed ent bet ween sai d
first ,and second,l ocati.ons. 30 10  The el ement .of c¢laj er.ein ans
corpr iDes o pl dPR RS ol MG eitte s of BRSNS Mo BloBldth e MG SO TREL o

t han 0. 10 gssaclatedkdws A turbine el enment-form ng core assenbly conprising: 11
at | east one ceramc elenent having a plurality of portions for at | east
partially defining associated |egs of a conduit network within the

t ur bi ne eupnenginﬁaﬂe@%nkﬁqﬁhlggg:refractory netal sheet secured to the at
| east one ceram c el enent posPtlo%ed extending aft of a trailing one of

the plurality afplgforii avks and havi ng:
15 an airfoil:
extending along a length from a first end at the platform to a second end;
having a leading and trailing edges and pressure and suction sides; and
having a cooling passageway network,
wherein the cooling passageway network includes:
20 a trailing passageway;

a slot extending from the trailing passageway toward the trailing edge and locally
separating pressure and suction sidewall portions of the airfoil and having opposed first and
second slot surfaces; and

means in the slot for providing a generally progressively rearwardly increasing heat

25  transfer coefficient over a first area, a first peak heat transfer coefficient at a first location aft of
said first area, a second peak heat transfer coefficient less than the first peak heat transfer
coefficient at a second location aft of the first location, and a local trough in heat transfer

coefficient between said first and second locations.

30 10.  The element of claim 9 wherein means comprises a plurality of posts have dimensions

along the slot no greater than 0.10 inch.

11. A turbine element-forming core assembly comprising:

11



5 opposed first and second surfaces; and a plurality of apertures

extendi ng between the first and second surfaces for formng associated
posts between pressure and suction side portions of an airfoil of the
turbine elenment. 12. The core assenbly of claim 11l wherein the plurality
of apertures i iéleagione cargmig eleraeni hayipa ptoyalisy olqioridans der b frastnartiatly defimingt
| east one A 0 T stantially in the

di rection a%%b‘ﬁ’{aﬁééll lfgésr%%%ﬁ%‘ﬁp%‘g%gg%hlgg@g%fn;%} "'ﬁ"% (I:]f’gfl ‘?n 11 wherein the
plurality of apeletstions réfractomtmetal deeiseplred @l thé 3t 16dst sraVi@raafic lement! REitioned
apertures; and a plurality of rows of elogngate apertures, elongate

subst ant i £¥fepding afted adsapligiong o1 e plysdity of pRgtionspad havieg:core assenbly of

cl ai m k3 wher ei I e ongate apertures are 20

subst aéti ally r0 E?Sta“‘rj]é"ﬁﬁfr’d §é%g§d %rga%%(’)?@ assenbly of claim 11 wherein the
plurality of apgltralityofapatudesteading beteen thedirst aad setahdsurfioss fof fosming
apertures. 25 16. The core assenbly of claiml1l erein: the plurality of
apertures aésroé‘aéﬁdrP&ﬁGZ’&‘Weﬁ“ BIeSTUGY 2" giQ) SigeRiions ot an prfoi ot oo pirng lanenp
the plurality of rows, the apertures in each row essentially have a
characteristic width and a greater characteristic separation; and in at

| east a fil2st rfdeepieragsendly of claifrel ipkhareihititeyplarhlity ofisperturasiihdludg: t he fir st
subplurality, th 30 a er}:ureiaéi n_each row essentially have a

char acteristic AMEHRPGHYY 8! PEUREAPPERE e i stic  separation. 12 17. The
core assenbly af leadtdnBYdw bf dlongatidendres, Qbnhtt ButtaRBAIE, Ak HHLRGSH & REiESSUr e
and suction side |leading neeting |ocations of the nold and the refractory
nmetal shedPWwfall along essentially unapertured portions of said sheet. 5
18. A method for manufacturing a turbine blade, conprising: assenbling at
| east one ceram c core and apertured refractory netal sheet; formng a
mol d ar ound. t heThe ebrmssentbdy of diich rlewhereih dicyplurliglof aferikes indledeci n:  t he
nol d hlas surfaces substantially defining:

5 a plurality of rows of circular apertures; and
a plurality of rows of elongate apertures, elongate substantially in the direction of their

TOows,

14.  The core assembly of claim 13 wherein at least some of the elongate apertures are

20  substantially rectangular.

15.  The core assembly of claim 11 wherein the plurality of apertures includes a plurality of

arcuate rows of said apertures.

25 16.  The core assembly of claim 11 wherein:
the plurality of apertures are arranged in a plurality of rows;
in a first subpurality of the plurality of rows, the apertures in each row essentially have
a characteristic width and a greater characteristic separation; and
in at least a first metering row of the plurality of rows, trailing the first subplurality, the
30  apertures in each row essentially have a characteristic width and a lesser characteristic

separation.
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a blade platform 10 an airfoil: extending along a length froma root at
the platformto a tip; and having |eading and trailing edges separating
pressure and suction sides; and the assenbled ceranmic core and refractory
metal sheet have surfaces for form ng 15 a coaqling passageway network

t hrough t Hé- ai riherere asssmbboeflain 14 lﬁﬁw@ﬁatmnnmh ¢ poldpand ydieepin pressyisi g t he
alloy to %9+ﬂoq'sfdé lEth géﬁ%étﬁgllyca%@fsmém%ahqg&he réf?am)oﬁr H}% a‘i E}%e{TBilqlon nd

destructively renmovin ceram c core an re ractory metal
sheet. 20 ei@ntiallyamapirhoe mirtiedsaif said Shdetr t her conprising: drilling a
plurality of holes.in the blade for further form ng the cooling passageway
network. 25 20. The nmethod of claim 18 further conprising: laser drilling

a plural ity of NBL&Sq i rhGrdcRling S uHbdhe R cofBfiShg P | OF o assembling it

the ceramc core
assembling at least one ceramic core and apertured refractory metal sheet;

forming a mold around the ceramic core and refractory metal sheet, wherein:
the mold has surfaces substantially defining:
a blade platform;
10 an airfoil:
extending along a length from a root at the platform to a tip; and
having leading and trailing edges separating pressure and suction
sides; and
the assembled ceramic core and refractory metal sheet have surfaces for forming
15 a cooling passageway network through the airfoil;
introducing a molten alloy to the mold,;
allowing the alloy to solidify to initially form the blade;
removing the mold; and

destructively removing the assembled ceramic core and refractory metal sheet.

20
19.  The method of claim 18 further comprising:
drilling a plurality of holes in the blade for further forming the cooling passageway
network.

25 20.  The method of claim 18 further comprising:
laser drilling a plurality of holes in the refractory metal sheet prior to assembling it with

the ceramic core.
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