TRAI LI NG EDGE COOLI NG U.S. GOVERNMENT RI GHTS The invention was made with
U. S. Governnent support under contract F33657-94-d-2001 awarded by the U. S.
Air Force. The U S. Government has certain rights in the invention. 5
BACKGROUND OF THE I NVENTION (1) Field of the Invention This invention
relates to turbomachinery, and norRAILFaGt EDEEaCPYLING cool ed turbi ne bl ades
and vanes. 10 (2) Description of the Related Art Trailing edge cooling is a
common feature of turbine C blades and vanes. In one common net hod of

manuf acture, the main passagemayssofG@NERNMENHQRnemmsrk wi thin the

bl ade/ vane airfoi% are f rned util iﬁin .qhgz%#lﬁi0|al core durin% th

bl ade/ vane 15 cas ?%gﬁ?ﬁ?ﬁ: &8 BRe PP BT sUrt ad® Ry HE  pP B aRY W

hol es comuabsetasy w8346 1+ -deboolkawSoded dry alHe of sthase hokes. miye be
drilled. In gne nethod of nuf acture, anp arra of trailin edge hol es may
be drilled pdrat| &PVEeHth SFTRAGaf AR EHEHEgO’BRl EF SUMMARY OF
THE | NVENJI ON Accordi ngly one aspect of the |nvent|on i nvolves an C

airfoil having first and second ends, Ieadlng and tralllng edges, and an
i nternal cooling passageway neR&G#IROUNDLOFr AREL JNVBETHIN t raj | i ng edge hol es

ext end fron1q@ﬁ %{@1&|@g1gggqxﬁgn%lohralIlng edge cavity of the network. The
trailing edge ho are arraye spaci whi ch progressively changes
fromthe first e’ﬁhll% olvrirenign §-’é*é@h‘§seh@l tq%@‘“@?&hﬂ@ﬂ%ﬁm&?néem@ﬁ%pt ed to

di rect cooli ?grgfﬁl?uy\éfw 4 hediedl lth?ﬂlﬁggﬁlé:@é@ tahd cera&l@%r ease 30 in
tenperature 'n a first direction parallel to the trailing

10 {2) Description of the Related Art

(“ Trailing edge cooling is a common feature of turbine
blades and vanes. In one common method of manufacture, the main
passageways of a cooling network within the blade/vane airfoil
are formed utilizing a sacrificial core during the blade/vane

15 casting process. The airfoil surface may be provided with holes
communicating with the network. Some or all of these holes may
be drilled. In one method of manufacture, an array of trailing
edge holes may be drilled parallel to each other and at an even
pitch.

20

BRIEF SUMMARY OF THE INVENTION
Accordingly one aspect of the invention inveolves an

(; airfoil having first and second ends, leading and trailing
edges, and an internal cooling passageway network. A plurality

25 of trailing edge holes extend from the trailing edge to a
trailing edge cavity of the network. The trailing edge holes
are arrayed at a spacing which progressively changes from the
first end toward the second end. The network may be adapted to
Girect cooling gas within the trailing edge cavity to increase

30 in temperature in a first direction parallel to the trailing
edge. The spacing may substantially progressively decrease in

that first direction. The trailing edge cavity may be an



edge. The spacing may substantially progressively decrease in that first
direction. The trailing edge cavity may be an 1 inpingenent cavity. O her
aspects of the invention relate to nethods of nmanufacture of a turbine

el ement. The details of one or nore enbodi nents of the invention are set
forth in the, acconpanyi Wi n he d LLpti.on . bel Q her
features, objj cjtnsgfg?naen a ygdﬁ’? agggﬁ%? %?}%aeclecnsvgﬁfit%l% &MQFanégﬁp%\g%aetn‘? h:fOr omthe
descri pti on machaisawiingenudadthrenef t decwikaines e 1BREEE . DESCRI PTI ON OF THE
DRAWNGS 10 FIG_.1 is a.view.of a turbine vane, Fl 2.1s.a parti.al
sectional view ole}%éise\Fgﬁ\éLSonFPﬁe il ® Taken éﬁ%éﬁnﬁnﬁsngfz%? 18—1?‘@“‘_31?115 a

vi ew of the amneseaf fdrGh 2n takeacabwpanitime dr3w3ngtbakiGhd des@ Mitdwnof a

vane/ bl ade uf acturing apparatus., ,FIG 5 i n x-ray view of a turhine

bl ade. Like PORUF it fRELataRd BTG iBis SN FHEOVS PouSE drEaige™
indicate |ikgiel efenigharen? BEOAl LED EESGRIFEIENaNiGariwshgus @nd Whinne vane
40 having an airfoil 42 extending along a length froma proxinmal root 44 at
an inboard PratF 46 to a distal end 48 at an outboard platform50. A5
nunber of such vanes may be assenbly side-by-side with their respective

i nboard and outboard platforns form Eg i nboard and outboard rings bounding
i nboard and out board porti dHS BT PESCRORI LMt BE THE HFP8UEHS ary enbodi nent,

the vane;js unitaridy if Qimed. ;0 8eMBt@AlridO¥ankd The airfoil extends from
a leading edge 60 to a trailing

FIG. 2 ig a partial sectional view of the vane of FIG. 1,
taken along line 2-2.

(l‘ FIG. 3 is a view of the vane of FIG. 2, taken along line

15 FIG. 4 is a view of a vane/blade manufacturing apparatus.
FIG. 5 is an x-ray view of a turbine blade.
Like reference numbers and designations in the various

drawings indicate like elements.



edge 62. The leading and trailing edges separate pressure and suction sides
or surfaces 64 and 66 (FIG 2). For cooling the airfoil, the airfoil is

provided with a cooling passageway network coupled to ports in one or both
platforns. The 15 exenpl ary passageway network includes a series of cavities

extendi ng generally | engthw se EEQEQL%%ebﬁgéﬁéyﬂleAn aftnost cavity is
Vity ext endi

identified as a trailing edge ca Nng generally parallel to the
trailing edge. AREnullt ishete eavurpind2varse |4rdtedngheadadtfdhe 42 ailing

edge cavity 70. The 20.cavities e joined at qne o t h_ends. and/ o
| ocations ~afond’ Hﬂﬁlﬁﬁqgﬁgﬁhgegggésp¥%$ﬁ%ﬁ@ﬁ?xﬁqéimgoP;o%?tﬁE Pen q#? e
cavity to theldtfidn N edge davchy.ehd ideat ldrustuchibedd prhodbaento. tzhe
cavities 70 and 72 are inpingenent cavities. Theﬁ%egulttnate cavit
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recei ves Jai ISR £ Sy VERGFt 1aY 3P0 52§ Hhigh 4 YaFior Ypkhthes 75

(FIG 3) in tha,aelilve Sepzatl BAGt Becby®rd ThewtuRRlsy reanihy TapbLERies air
froma port 74 in the platform50. Likew se, the trailing edge cavit 70

recei ves ai rodrknatche ingfuPOrREAEBICAVPPFE T ARG LudhorEdr BT ¥ ¥ons nof e g

between the twg, T the SERAbNBILLAEMERO) itk Jlane3Qsi anghgﬁyfpfa/mce@/i ty
73 is heated as it progresses radially i1nward, the cooling air tenperatures
in the inpi ngenermetadadltlicd's 70 and 72 will simlarly increase in the

radi al | y,;4 1 nward di Lion, Th % : r.snclkyde_ hol t endi ng
to the 3 pressufgkgﬁgﬁgg@tign%gﬁg%ggéémg% %%%ﬁ%%Ffb?ng?t 8r9c§% ?%ﬁﬁgnd 3
i nsul ati ng tédgs s acks fleadinoghndxteahbling adessatgpesatAnpngssthesmdol es

ey e crte O 8 SiRghelen. S enn et pesr. L spatun
I(Mpi ngenent siwidil 7GheFlaGridil shopsovideducttihel edbavnggpassagéeme 82
ﬁgrgeL:g :bogétﬁgkfvgéipf%%pt%n%ogégegglg eaéfng%éilﬁi%%%gr%g?TTﬁge exenplary
15 exemplary passageway network includes a series of cavities
extending generazlly lengthwise along the airfeil. An aftmost
cavity is identified as a trailing edge cavity 70 extending
generally parallel to the trailing edge. A penultimate cavity
72 1g located shead of the trailing edge cavity 70. The
20 cavities may be joined at one or both ends and/or locations
along their lengths so as to permit flows from the penultimate
cavity to the trailing edge cavity. In the illustrated
embodiment, the cavities 70 and 72 are impingement cavities.
7 The penultimate cavity 72 receives air from a supply cavity 73
C 25 through an array of apertures 75 (FIG. 3) in the wall
gseparating the two. The supply cavity 73 receives air from a
port 74 in the platform 50. Likewise, the trailing edge cavity
70 receives air from the penultimate cavity 72 via apertures 77
in the wall between the two. To the extent that the cooling air
30 in the supply cavity 73 is heated as it progresses radially
inward, the cocling air temperatures in the impingement
cavities 70 and 72 will similarly increase in the radially
inward direction.

The network may further include holes extending to the

35 pressure and suction surfaces 64 and 66 for further cooling and
3



circular section with a dianeter 504. FIG 3 shows a portion of the array of
trailing edge holes 80. The holes, or nore precisely their axes 500, are
shown as 10 at an angle 01 relative to the trailing edge and at an angle 82
relative to the local aft extremty 90 of the trailing edge i npi ngerrent
cavity 70. To tq1 extenéthat t he t£a'|'n1%;éq gﬁ% 1and aft extremty 90 are
paraliel, tHESIASEEE8 SHOLEESH, T 1 WHETHE L HEMPTEAT IS e4E1P56t her
for a given el #dleh piiChelan5dbraf dherhdllesg sageaBdled a5 dherilineg

centerline spacin alLong . the trailin s explored_ in further
Gotarl bol one e Tnrod B 0F DEBITA Tl S0 Aadd o bBe. P53 At ditt o cach

ot her. Sim |l@fddemithyherargkesrdil ang/ sdgd2 rfi nereRnhokev80y meed Mg, e the
sane, 20 nor need be their dianeters 504 and Ien%t hs 502. Structural

integrity aﬁ%%ﬁ%@n&oéﬁngﬁ‘dﬁ%ﬁ CHE GR&GP iBrf FeBRRESOr 2t e 3t &4itfe

separation ofpd hed re@atlelnlagn@dg@oﬁ DIRe Rft. TRt Eemhbya 2P 1i1d haLavity
70. It is advantageous that "the o es be short and narrow so as to

maxi m ze pos@ﬁﬂ@@o@lﬂ%% FStE| as@lanetiaie X0%i | i ng edge. The narrowness
(e.g., the dianmetgr) %ho%gﬁl olrt{% eé’fbcﬁqee%% fodrtbLing, eecﬂol)te%

additional nmanufacturing and r m narfl consi der ati ons l(dl Scus el ow
this mnimnm 2. dﬁhaAmQI@Sbeoacmpeeeplrw?@Jw rdietibre aares5600 ase &ikcoge aFS

possi bl ot o tual | ) i r 2_an f
extrem tely QOa@,ﬁn al'Pé‘{tlhe ﬁ%%lqlal%ﬁ% tﬂ? tﬂi(9:100 gp%éj%%aggge ?eq%‘l%ne per2
| i near di rrermlcart:aieomg: e ﬂocaioafbfexmmm Isicngfedbhe thanlird enlpeanot her.

I Lhe exeTBl Sl SRodl Tl st FSSLLOG A el pg Senerlly do 8l
Cavities 72 ang oA &Bid:re‘?ﬂlﬂ:br Gﬂghré heahwl lesi 8@ heny 1heseoates anepred e end 48
than near the o9t 34, qus Lo.1Ne, shont gtnlet (LLow path: /S S gogkely
I5 510 of the holes is measured as the hole centerline spacing
along the trailing edge.

As 1s explored in further detail below, the axes 500 of
every hole B0 need not be parallel to each other. Similarly,
the angles 98, and/or 6, of each hole 80 need not be the same,

20 nor need be their diameters 504 and lengths 502. Structural
integrity and manufacturing considerations may influence or
" dictate the separation of the trailing edge 62 from the aft
extremity 90 of the cavity 70. It is advantageous that the
holes 80 be short and narrow so as to maximize possible cooling
(W 25 close to the trailing edge. The narrowness (e.g., the diameter)
is largely limited by ease of drilling. Subject to additional
manufacturing and terminal considerations (discussed below)
this minimization would be achieved by having the axes 500 as
close as possible to mutually perpendicular to the trailing
30 edge 62 and aft extremity S0.

Along the trailing edge, less cooling may be required per
linear dimension along one portion of the trailing edge than
along another. In the exemplary embodiment, with cooling air
flowing generally radially inward in the supply cavity 73, the

35 air passing through the impingement cavities 72 and 70 and
4



air is nore effective for heat transfer, |less volune of air per |inear

di mensi on need be passed through the holes 80 near the 5 end 48 than near
the root 44. Accordingly, to efficiently wutilize the cooling air passing
through the cavity 70, it may be advantageous that the hol e spaci ng

general ly ipgcrea n_. outhoard |rec on alon edge

| gnori ng maﬁﬁ?%’t’:% rfrl?“ue@af&oo]h 2’ Jf¥ons %?l ?Jérl}ﬁaﬁfal c?or'?gll dgba%ﬂ%ﬁs g?%e 10
change i n sprei Agott o dweldo hdeCahbrbedUset Willdw dashi.ghk tnhang@olmrspa0|ng
fromeach hole o the next in accordance with _an appropriate coolijn
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extend as fainasrtdena haantteenteobabbedt fiatdidiy t@ﬁg&olie'(s b ﬁéghttﬂp@
desirable to sllghtl y fan the hol es near the outhoard ge or ot herw se

enhance ooFRfig48 THRAR iRl dFendoef the 2¢¢ding Yedde ﬁé igieBtBse

manuf act ur alji b § Ye PrQb! &5 Qe oLiQ prE?ﬁé%ﬁf&ﬁ%ﬂMtﬁﬁz dadhik |'78? 2pPRLAL US.
If it is desired to drill the holes Eerpendlcu ar to the trailing e ge, the

i nboard 20 prasfvantaesounttdiatetdenio ed$@¢¢iﬁ&;gﬂﬁaﬂﬂélwnBEQFGﬁﬁgtlmdﬁé or
hol es al ong EPBOL£&I&J&%ﬂﬁQgFE %gsthgogr t €§glll gféﬁgparatus a

restrictionto per pen nlght st hole to far
out boar d. Amanuﬂaqgmylngcnonsmderh@hen55@n@ t&wmmnﬁéramm@nﬁewayleaasetbﬁ

reducti g9 1 Dukhecangl s B bl ou 25,0, spe dscd e Re t LG Hobebg e

suffici ntIy n access tral |ng ‘cavi
out board endaange izhlespa{enrkg rfg:oadgechayohétm tHee rengyl enekcbbmdanhatwwch ch

m ght otherw se be desjr ?é? .t%onﬁll 5 it my be desired to gang
drill severéf ﬁBPﬁ%pE}a%Ft? 8550 Rrilling apparatus 30 150 (FIG
@) having severalfpifor laanfle, bmh& sbominal Thel use thef cawdbyappadsd usouray

restrict freedom,in the spacing selection i.n the Qle orlentatlon One
such appar af#sShflght 2% ?e§hﬁlﬂ§tg89€ga?n% %é %ﬁﬁlqﬁﬂi HOFe§Y¥G  bet par al | el

to each et hgightpPrevessi ngpiddependgnt:gergetimn mflddhacangkae6dutivsanach

hole. edge or otherwise enhance cooling. The inboard end of the
trailing edge may also pose manufacturability prcoklems due to
interference with a drilling apparatus. If it ig desired to
drill the holes perpendicular to the trailing edge, the inboard

20 platform may interfere with drilling of the inboardmost hole or:

holeg along the trailing edge, thus, for a given drilliing
apparatus, a restriction to perpendicular holes might place the
inboardmost hole to far outboard. Accordingly, for this hole
such considerations may cause a reducticn in the angle 8, below

L_ 25 90 so as to permit the hole to be sufficiently inboard. Also,
accesé to the trailing cavity at inboard or outboard ends of
the trailing edge may alter the angle 6, from that which might
otherwise be desirable. Additionally, it may be desired to gang
drill several holes at a time with a single drilling apparatus

30 150 (FIG. 4) having several bits 152 {10 bits shown). The use

of such apparatus may restrict freedom in the spacing selection
and in the hole orientation. One such apparatus might require
the several gang-drilled holes to be parallel to each other,
preventing independent selection of the angle 6, for each hole.

35 Ease of constructing such apparatus might require that the
5




35 Ease of constructing such apparatus mght require that the 5 several
hol e axes be evenly spaced from each other, thereby preventing independent
sel ection of spacing for each hole. Alternatively, however, the spacing
coul d change al ong a given apparatus with a characteristic spacing (e.g., a

rean of 5 Tedlan Qo pne amaatys 1T LeLing LmInar g thecnexty, Wih

such appara? cOmtT nGous ¢ ange acin i'eve h this
in mnd, |npeeee@ﬁdmg(ﬂndapﬁmd@nanpbéecalenngﬁesphaﬂﬂg d@rappahahu$ets
utilized to drill iven._nunb e.g., .5-15) .of holes a

apparatus. MRy BERHEE TG ARNEVeE - T0onahBe T T 8T AdeBy BrTLETE of
such N hol eappat@tw e mzta@tahciaumbegpﬁutpl @s. dhei rgmeahween 40 and

200. The axes,of each set could be ngggarall to.the axes of the ot her
sets, thus PeraittiNy e BRL3EHSFLEECFLNDL TR} dthareldr EPGsBEXEo With

per pendi cul afich Oapherd dad | Iang:cﬁ@getu(aagabnaﬁg@la@t ate::t%'é_; depabbURER i W3t O
term nal considerations). In another exanple, ferent drilling apparatus

150 having di f f eFErE &S dhadinkg 1ﬁa9n9e9ﬁ$$1¢§%kﬂﬁ§)Qﬁqmﬂlethé giPEEs ent

sets of hol g3, 1 Bynyeyo,ofr fXAMIL uelihe-E8dE 8l aspan Hfgithe Eﬁ%blat»“ﬁ edae , may
be about 1.0-15 incThes dependi ng on the appllcatlon The hol e di aneters

may be bet weeh5 hbouth@l&rl dtheh tame - OTlES appreatiag e QGeab’@@ti 00045101 0P5.

The hol g, | epgth. Pay Pﬁéﬁft%F%&~%o%% ”gétgtg%fgﬂép @ﬂﬁ%@rw LA %ﬂen the

exenplary vane éenbod vane 1's di nensione at t
ring is asseabhpﬂaryttmtaknnumherthé hpaeblhglmgkhauweaﬂ i eadiaQOOfTbﬁout

ten 25 inches reI to.the center outboar do t he
trailing eddé® Ps© ate%ﬁh i ccnﬁ%p oupofﬁagalnc tﬁ Re° e%eﬁ%Fa? hez
nbodi ment , skthe, spﬁm$rmpfmfﬁﬁxngathappe05|aﬁteéyeé tho Hs meﬂatheempleld&@neter

near e | B g PLEL . TS 8895 Rl LGN SATP AL e 0l e of
times th® departures due to terminal considerations). In another example,
different drilling apparatus 150 having different axis spacing
may be utilized to drill the different sets of holes.
By way of example, the radial span of the trailing edge
may be about 1.0-15 inches depending on the application. The
20 hole diameters may be between abcut 0.01 inch and 0.15, more
-narrowly about 0.015-0.025. The hole length may be between 5-25
times the hole diameter. In an exemplary vane embodiment, the
vane is dimensioned so that the, when the ring is assembled,
the root at the trailing edge is at a radius of about ten
L 25 inches relative to the engine centerline. The ocutboard end of
the trailing edge is at a radius of about 12.5 inches. In the
exemplary embodiment, the spacing starts at approximately 2.1
times the hole diameter near the inboard platform, remains
generally the same until the middle of the length of the
30 trailing edge and then increases to approximately 2.7 times the
diameter toward the outboard platform. Thus one drilling
apparatus with the smaller spacing may drill several groups of
holes and then a second apparatus having the larger spacing may
drill the remainder (which in the exemplary embodiment is a

35 slightly smaller number of holes). In the exemplary embcdiment,
6




di anmeter toward the outboard platform Thus one drilling apparatus wth the
smal | er spacing may drill several groups of holes and then a second
apparatus having the | arger spacing nmay drill the remai nder (which in the
exenpl ary enbodinment is a 35 slightly smaller nunber of holes). In the

exenplary e di t ' g i r.Qxi y 5
Cimes (ho nobs PATS ended el oo B e P L R bdle ™
times the dibeetdeameter mearirntdvemutBeardrpl ab farpmodimatld vexénpphatimes
enbodi nment , abgu the inboar@pnst %0@68f ihg traiHﬁ the

t ‘% a

| o t ng.5 edge
hol es near Fﬁg ﬁ%%%arﬁa%?%?ﬁ6?%?%Féeafua §paci %Fbérl}%gﬁ Fﬁgma?ﬁ?¥igure
due to a redubediment| nglaegkbtear thiehénpbatfioss Mrisod ttheanrbelseen t hat
t he progressive spaci may be qver, only a substantial portion of the
Lrai |1 ngo edG895( e e, PAbeaRTr  CHor @oRaFRoRL3- TS0 509 16 EPEC Bshows a

turbine bl adgr2e@ bR¥hNgha PlAtfihiN2Q2eand aaPedidddidoAQhextendhdgrfrom a
proxi mal root 206 at the platformto a distal end tip 208. The airfoil may
have = subst &R€i BlaEFaFPar TETRstt Fahdey SreNaF i Fhe |RY GnFER 16r BPRSINT C.

and’ a nu”be'ina?f palehe bl adey ABMuDa PR3kt gpedi v tdr thal re-k3 1rhat bagas
side-by-side to forma ring. Such blade rings may be interspersed with the
vane rings, (€h8-inbBaP@® pPhs flepyfs Mol POr&¥Ty- a general |y continuous

i nboard gal | of the fhowpath, &iwoughhlg.tssbine i 1he exemRlahy2bhades

airfoil has leading and trailing edges 210 and 212 separating pressure and
suction 20 sindedr204lands 29:6terhianch|fadem ai pfokimaphyrdnty e 0dn agr kg of

trailing ed hal 0_skm t t Vv irfail . e or nore
enbodinents%ﬁﬁtgﬁg%pﬁés%n@f%%%%ﬁ%?%ﬁnﬁh6ggbegﬁe escf%ﬁéggykgeg%?heless,it
i1l be undendkecedttbat similaustigwdid itbat vens adwidoel nede adivehottirdipar ti ng

romthe spirit and g2 SEORGR ol ML OPos Ol ot @R cfiegred flow
15 placforms side-by-side to form a ring. Such blade rings may be
interspersed with the vane ringsg, the inboard platforms of both
forming a generally continuous inboard wall of the flow path
through the turbine. The exemplary blade airfoil has leading
and trailing edges 210 and 212 separating pressure and suction
20 =ides 214 and 216. The blade airfoil may have an array of
trailing edge holes 220 similar to that of the vane airfoil.
One or more embodiments of the present invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit and
(ﬁ_ 25 scope of the invention. For example, desired flow
characteristics of the turbine may influence hole arrangement
in view of available manufacturing technigques. Thig is
particularly true in redesign or retrofit of existing turbines.
Accordingly, cther embodiments are within the scope of the

30 following claims.




characteristics of the turbine may influence hole arrangenent in view of
avai |l abl e manufacturing techniques. This is particularly true in redesign
or retrofit of existing turbines. Accordingly, other enbodinents are within
the scope of the 30 following clains. 7 1. A turbine elenent conprising: a
platform and an airfoil: extending along a |l ength froma proxi mal root at
t he pI atformto a distal end; -having |leading and trailing edges separating
pres ufd ”’%‘Rﬂ’ f ATUSH®s; and having a cool i ng passageway networ k

i ncl udi ng at Ieast one trailing edge cavity and nmeans extending fromthe
trai RiksAgE% 0 the trailing edge cavity for cooling a trailing edge
portion of the airfoil with conpensation for tenperature increase of

cool iangirfpels al ong said trailing edge cavity. 2. The elenent of claim1l
wherein the trailing edge cavity is a trailing edge inpingenent cavity. 3.
The ekeméng alohg & leapth Pornh @r @dimalaopen tihd plakire: toaudidtal eadtead of the trailing
edge i npingenent cavity is also an inpingenent cavity. 4. A nethod of

nmanufhaehs lBdiaf aki kMR AelpaRNihg PAVIIDand Actddiderdid and an airfoil:
extending along a length froma proximl root at t he platformto a distal

end; haﬂ%ﬁ e9011n§ 3disage e%&@kk'ﬂc”&i %ststﬁmfa%g%a @Eeﬁzﬂ?'ﬁlﬁ@n@ﬁg exHGlh N

si de pctiN o b h835k190
”a"'&gel%%% girb@ et i gae%f'égsg L§1 edéggf'% SR es

ext ena I‘OITI e tra edge 10 gerrent cavity,

ca urbi ne. el e t recursor si nul t aneousl
nachlz‘r?tfﬁ%glﬁ ’?J‘roif’El gﬁ‘ﬂ‘e né‘ﬁ' g’ﬁgﬁiﬁ%ﬁ ?atvﬂfy 5 t?ﬁ?}@ eﬂgi’ EPMEEMEOLEAIY t aneous| yy
machi ni ng a secqgnd, group of said plurality of holes outboard of said first

{n ur &t ihsyelgmentpb claign 2 yherpar /3 H@métu%aﬁaa@y sadiof enedpalingrigen rriegemeyt daviiyrisa
char abpéniispingengyhedvify from the first group. 5. The method of claim4
wherein centerlines of said first group of holes are non-parallel to
cent &r Aimekod of mzmifattise obmthryjpealemeit Havings. 6. The net hod of claim4 wherein
the machining of the first group is prefornmed using a first apparatus

a platform; and

an airfoil:

extendﬁlg along a length frorn a proximal root at the platform to a distal end;

having leéc.iing‘and trailing edges separating pressure and suction sides; and. |

haﬁiné é. cooling passégeway network including at least one trailing edge imphlgenient cavity and a

plurality of trailing edge holes extending from the trailing edge to the trailing edge unplngement cavity,
the method comprising: :

Y

casting a turbine element precursor;
simultaneously machining a first group of said plurality of said holes; and

simultaneously machining a second group of said plurality of holes outboard of said first plurality of
holes and having a characteristic spacing differing from a characteristic spacing from the first group.

5. The method of claim 4 wherein centerlines of said first group of holes are non-parallel to centerlines
of said second group of holes.

6. The method of claim 4 wherein the machining of the first group is preformed using a first apparatus
and the machining of the second group is preformed using a second apparatus and the method further

comprises simultaneously machining a third group of said trailing edge holes using said first apparatus.

7. A turbine element comprising:



and the machining of the second group i's preforned using a second appar at us
and the nethod further conprises sinultaneously nmachining a third:group of
said trailing edge holes using said first apparatus. 7. A turbine el enment
conprising: 8 an airfoil having: first and second ends; Ieadlng and trailing
edges; and an internal cooling passageway network |nclud|ng at | east one
trailing edge cavity and a plurality of trailing edge holes extending from
the trailing edge to the trailing edge cavity, wherein: the trailing edge
hol esnairfbildmraged at a spaci ng which progressively changes al ong a portion
of said trailing edge fromthe first end toward the second end; and there
are gesmehdkecgndepi; of said trailing edge holes, the holes in each said group
having centerlines parallel to each other, and the centerlines of holes in

at Iq&@hggmgugﬁmgamgmgﬁgups bei ng non- parallel to each other. 8. The -
el enment of claim7 wherein the trailing edge cavity is a trailing edge

| mpi Q lc%@lﬁll S ﬁe WO%ahdlﬁ Fl'e%'t H?leatr cfvi 'dl L hﬂgﬁ avity
aheadr gt g ge ﬁ{lurf S t fangg%aéf to%ﬁe/{ralx%igd%a gjv% ST of

cavity |ne Ia e eI "rfoil having: a first
end beﬁ a root end and a second end being a free tlp, | eadi ng and
trai IV H%%dges and an internal cooling passagemay networ k i ncluding at

| east one tra edge caV|ty and a pjurality ~. trailing edge. holes
ext erbs wyng s et ey et acgRcH WK P{%@ﬁswﬂ@ claadee dors & portigper Bich t he
tra|ﬂﬁﬁﬁgéégeﬁﬁﬁﬂ@%ﬁ%F@méPWE e gcond eladnchg whi ch progressivel y changes
along a portion of said trailing edge fromthe first end toward the second
nd. there afBiseveshlameus offaid krailing edgedindasetha holeeinteach $aichgroed hevicmeanteylines a

: Er ai |paradjeled gach othérngreintha terterlingsyof ho2s inf deast| teexitaid fyr@mipabemd Bomhemnldl o t he .
por t ieath dtherat - | east 50% of a length of the trailing edge and the spacing
continuously progressively decreases in the first direction. 13. A turbine

el ensNiThe elamentfRBim 7avhefdin fiRittaildg\etigcavity fsailtraAlng 186 ARSIn@NERI cavity.

9. The element of claim:8 wheremn a penultimate cav1ty ahead of the trailing edge impingement cavity is -
also an unpmgement cavity.

100 A turbine blade element comprising:
an airfoil having:
a first end being a root end and a second end being a free tip;

leading and trailing edges; and

: an internal cooling passageway network including at least one trailing edge cavity and a plurality of -
( trailing edge holes extending from the trailing edge to the trailing edge cavity,

‘wherein the trailing edge holes are arrayed at a spacing which progressively changes-along a portion of
said trailing edge from the first end toward the second end.

11. The element of claim 10 wherein the trailing edge cavity is a trailing edge iinpingenient cavity

12, The element of elaim 10 wherein the portion is at least 50% of a length of the tralhng edge and the
spacing eontmuously progressively decreases in the first direction.

13. A turbine element comprising;
an airfoil having:

first and second ends;




9 leading and trailing edges; and an internal cooling passageway network
including at |east one trailing edge cavity and a plurality of- trailing
edge holes extending fromthe trailing edge to the trailing edge cavity,
wherein the trailing edge hol es have di aneters between 0.015 and 0. 025 inch
and are arrayed at a spacing which progressively changes along a portion of
said trailing edge fromthe first end to the second end. 14. The el enent of
claim 13 wherein the trailing edge cavity is a trailing edge inpingenent
cavi tlsadingsind figding edgfsnandof ¢l ai m 13 wherein the portion is at |east 50% of a
length of the trailing edge and the spacing continuously progressively

decr gadeismiirophes passagewai newrioncludieg aleastiphy telied edeervavitsomdra Mirnly of an

ai r f drdilingaxd gaples éxtendingrfebn thedrading redge tol thaitthitine edgs cavigy, | i ng. edges; and an

i nternal cooling passageway network including at |east one trailing edge
cavi twheddinlthe tpilling @dié Yolef have daideicrgbepatgm (0l Semdedxixsrideingndfa@mrdyseata ai | i ng

edge shacitdwhith piocidgvad gangavildng a WiesebIkaid thdilthot ddgk FoRDthe BiEke elPlogse ar e
arr ageshmdtend Spaci ng whi ch progressively changes along a portion of said

trailing edge fron1the first end toward the second end; the network is

adaptleTBQelgrhérﬁ%¥ Ifcil Tl Q%el%ﬁ?‘thtmrﬁﬂh eddd%a 1fyalls Lt'tﬁﬁmgggge ﬁxﬂ)\édgtg eﬁtoca\n rease in

tenperature 1n a |rect|onprale to the ge dthe

5P O BUBBARL 0l R ASSSL KO SIRTS0 U B SRSl B 1,
i nbodPHH ‘f‘oé‘gf“i‘odﬁ pi%gresf‘wgyé%gr‘?@sﬁ? "btlh lr’:r‘?oig wher ein the trailing edge

hol es have di aneters between 0.015 and 0.025 inch. 19. The elenent of claim
16 whér 8 tarbigelament ¢oRRSE¥ge cavity is a trailing edge i npi ngement cavity.

20. The el ement of claim 19 wherein a penul timate cavity ahead of the
tra|Hmmgﬁeﬂyemgnplngenent cavity 1is also an inpingenent cavity. 10

ﬁrst and- second-ends-'-
leadlng and traﬂmg edges and

an mternal cooiing passageway network including at least one trailing edge cav1ty and a plurahty of
trailing edge holes extending from the trailing edge to the trailing edge cavity,

wheréem:

the trailing edge holes are arrayed at a spacing which progressively changes along a‘portion of said
trailing edge from the first end toward the second end,

the network is adapted to direct cooling gas within the trailing edge cavity to increase in temperature in a
first direction parallel to the trailing edge; and

o

the spdcing substantially progressively decreases in the first direction.
17. The element of claim 16 being a vane and wherein the first direction is an inbbard direction.

18. The element of claim 16 wherein the trailing edge holes have diameters between 0.015-and 0.025.
inch. : R T

19. The element of ¢laim 16 wherein the trailing edge cavity is a trailing edge impingement cavity.

20. The element of claim 19 wherein a penultimate cavity ahead of the trailing edge unpmgement cav1ty
15 also an impingement cav1ty _
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