TRAI LI NG EDGE COOLI NG U. S. GOVERNMENT RI GHTS The invention was nade with
U. S.  Governnment support under contract F33657-94-d-2001 awarded by the
US. Ar Force. The U S. Governnment has certain rights in the invention.
BACKGROUND OF THE I NVENTION (1) Field of the Invention This invention
relates to turbomachi nery, and mozrimer gEbesl esdyrd® cool ed turbi ne bl ades
and vanes. (2) Description of the Related Art Trailing edge cooling is a
common feature of turbine blades and vanes. In one conmon net hod of

manuf acture, the main passagev\@yg OfoPe T & Retaor k within the
bl ade/vane airfoil are fornmed utilizing a sacrificral core during the

bl ade/ vane casti Tngepxmc&;s@onTh@samaﬁel visry &te Gmyerbmeptosuymlrwuﬂddml es

cnmuni catin tht f thes ol rilled.
In one net hga\,\%Fa% %ja&tiﬂ 4 %arrgy o‘% ‘il 2 155 gdgg g?és ﬂb
drilled paralkel cboemmdnotther cardadh afgleyvenn piHec inveBRIE. SUIVIVARY OF THE

| NVENTI ON Accordi ngly one aspect of the invention involves an airfoil
havi ng fPrst and second ends, | eadi ng and trailing edges, and an internal

cool i ng passageway net wor k. Agmw@gﬁpyopo&HﬁrmE'm@ﬂge hol es extend from
t he trailingzél ge to a trailing edge cavity of the network. The trailing

edge hol es whi ch progressively changes fromthe

first end tovar drhhe BRFANG BN de 1308 NEL WLk SIS, 2YAPLER e O Tect

cool i ng gas Wlthln the trailing edge cavity to i1ncreaSe I1n tenperature in a
first direcrrohipatarlelte catied takbing blades and vanes.

10 {2) Descripti Ar
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 QF THE INVENTION
Accordingly one aspect of the invention involves 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
direct 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 | inpingenent cavity. Qher
aspects of the invention relate to nethods of nmanufacture of a turbine
el enent. The details of one or nore enbodi ments of the invention are set
forth in the _acconpanying draw ngs and the descrjption below O her

SRE SAVARY age Bh

features, obj&ct¥’ T FWESTRVBAL FOR WYF B FFdReRt “Prom
t he descri ptiedhomad odr anhiigscta@rd dff emturenel ai dmentBRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 is a viewof a turbine vane. FIG 2 is a partial
sectional view offieh8ebahdsopf e oF morgkenbafsngnts mf Ll ipventdons a
vi ew of the f r@gg] AC 33534 I j L a
vane/ bl ade rfa\ws{f%% ggt Srgilr% gﬁp%%%hséé I Gylllggi g]?gﬁlr)l(gér:a%%idteﬂvss 5% S}';lé'rt? ﬁ/}:gl&%e

bl ade. Litke bredfcer.efsbenufibersresnd dusicpsat rodsadvantrgemrdfodhe dnarhhisn
indicate |i I L PTL ON._FI shqQws a _turbine vane
40 havi ng anlsﬁz;ir ?gg&girggﬁﬁdﬁ%%%%p#éﬁﬁt%1% r%ﬁ“&m oxithal *F86t 44
at an i nboartthe pllatifterm 46 to a distal end 48 at an outboard platform50. A
nunber of such vanes may be assenbly side-by-side with their respective

i nboard and outboard platforns form ng i nboard and outboard rings boundi ng
i nboard and out board porti erseef DestkoMmrIAaldr THR aRarxeePl ary enbodi nent,
the vane is unitarily formed  of a nmetal alloy. The airfoil extends froma

| eadi ng 18dge 60 £dGa frafl fnfiew of a turbine vane.

FIG, 2 is a partial sectional view of the vane of FIG. 1,

taken along line 2-2.

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 airfoi
is provided with a cooling passageway network coupled to ports in one or
both platfornms. The exenpl ary passageway network includes a series of
cavities extending generally | engthwi se along the airfoil. An aftnost
cavity is identified as a trai |G¥glédgePEAGRIYTTON ext endi ng general |y

parallel to the bidllinghofoe, A.RRM LLAB! SocaiiNy off ditelagaygd ahead of

the trailing edge cavity 70. The cavities may J ol ned at one or both ends
and/ or | ocaexsrsdingoatonded rldrarigt Hsosoaaprovipel mdotf l4@wstf romitheard
penul ti mate_.cavit he_trailin d cavity. ln the illustrated

enbodi mont . PHAELREY: 5 ok 70 Gt 7o SiPe SEBEnglr GHIERARY H1gs orngt” A

penul ti Mt encavetyof 2stell evargss aidy beoasactbDpl ¥i by \sid3 WhAtaughen array
of apertures 75 %FlG. %% in(&he wal | seﬁarating the two. The supply cavity
73 recei ves TE&FPEFT bF al R YY ARG putheapPaPtat v ste fqmRgs dnbpREdt 224 i ng

edge cavityoufBohe8etyeSs bdurldly tiRBcReAULLE NBLELERY tPbrfd ohis@o@PET F HEES
77 in the wall between the two. To the extent that the cqollng air in the
suppl y cavi PRt?3 8 ARat¥RRiY §P0GiEsEEs Fadliwany i wdtaridiefensed ng
air tenperatpyrgs,kpaihg; {4pi ngenent cavities 70 and 72 will simlarly

i ncrease in the Pad?al%y &fnmard direction. The network nmay further include
hol es exfendi ng Thet atrpeib senteraisd f3vot Rohesdifigoatystsland 66tkeilingt her

cool i ng and Lnsyl atj ng . surf from high external t ratur
Arong t hes €251 82 nioC DR AR B S L S IR o BRRELRL g
bet ween a | soation pidxsnat esuadesaicki agdedge(RIG. @) .affforexbréimyythé t he

Lranling cdge. ) nOPRENL: SV Y o/ Qo Gea?uS00YE S0 5 o100 NEY 0 2
network coupled tc ports in one or both platforms. The
15 exemplary passageway network includes a series of cavities
extending generally lengthwise along the airfoil. An aftmost
cavity is identified as a trailing edge cavity 70 extending
generally parallel to the trailing edge. A penultimate cavity
72 is located ahead 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.
The penultimate cavity 72 receives air from a supply cavity 73
25 through an array of apertures 75 (FIG. 3) in the wall
separating 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 cooling 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
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500 and extending along a |l ength 502. The exenplary hole has a «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 at an angle 61 relative to the trailing edge and at an angle 02

relative to the local aft extremty 90 of the trailing edge inpingenent
cavity 70. T&THETeRFent et RAFLEHRS tH 20 iNighe G5 eEDal arRRE 12 tdikase Mg o

are paral | elohddie Hdi1kUshhgt B8 NG L5080 218 in 'gag@enéﬁ&ﬂtécpaéxtfeﬂdﬁﬁﬁh
other for a given hole 80. A pitch 5I0 of the holes Ts neasured as the hole

centerline dftiasy aalorgtine prexinaiy ddgetrAslinges@dorad] ian fafitt her
detail belo . 5 o] e .80 t . ral | t o,each
Wx yf?nl% of QQF f:raﬁ%%/%@eef%%ﬁﬂgggﬁﬂﬁo?%?%%a ’PEJ GiiIIG

other. Simlar he angles €, ac need "not 6e t he
sane, nob nedouze cnkeeisucti hokeehavE aanhrfecgt A8 582teStd wddiawtalan axis

integrity a nuf act uri.ng consi deration i nfl uence or i ctate the
separation O O{Tﬁaél Fai Ieln%g%daggo%gz 3 ?loeﬁgtt%eg%f Qéﬁt?}é‘?ﬂqpf@bqﬁﬁet 8%c3vity
70. It is advamhdAgeowscthah wheh dHadiesneB@rbeoghort and narrow so as to
maxi m ze possible cooligg close to the trailingFedge. The narrowness (e.g.,

the diameter) i< ICar dePYorPnftRYF by esde T GFFRYI Ah. tbl g qdge holes

addi tional gmnufiRChidneBy 8Rdnbes B i LARSider at LREs {6k sclssadihal aw
this mnimzation would be achi eved by haV|qg_the axes 500 as close as
i

possi bl d% o afutafalAnFleePpardrediar te ot ihe raidilngngdedgendé2atamn aingle o,
extremty 9Q.o14QRQ ktbecheaiblbog %%xd&%ﬁtg@?b' 88 Ry é&%irﬁqg e ePer

| i near dinmension along one portion of the trailing edge than on
anot her. | n impdnsemeptacpvahbod?d nefr thei eixteos| that athe ffaWliing geger &Rl y

radial |y i nvgld Jet 08 aHPRLYoG e Yool 110S BhE PRPILOGL LY U LNE, ana
npi ngenent cavities and” 70 an
6, will be identical to each other for a given hole 80. A pitch
15 510 of the holes is measured as the hole centerline spacing
along the trailing edge.

As is explored in further detail below, the axes 500 of
every hole 80 need not be parallel to each other. Similarly,
the angles €, 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 B0 be short and narrow so as to maximize possible cooling
25 «close to the trailing edge. The narrowness (e.g., the diameter)
is largely limited by ease of drilling. Subject to additicnal
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 90.

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



t hrough the holes 80 nmay be cool er near the end 48 than near the root 44
due to the shorter net flow path. As this cooler air is nore effective for
heat transfer, |ess volune of air per |I|inear dinension need be passed

t hrough the holes 80 near the end 48 than near the root 44. Accordingly, to

efficiently _utilize the coolj air passing through the cavity 70, it may
be advant agé@&?uﬁha?h?hgoﬁ%? eécgg%?éi kG §8ﬁ(|]-:?3§1| PRY rfg?eea?é"éi iR &R2noBedbar d
direction alergrbbe taabhéngo edge.sHoaRer AEL NRNGE aitH | NG ¢ARS debations
and term nal considerations, the change in spacing could well be

conti nuous, 3Tt A Sa™SFFgfffeehriRyd At hephicFrgnsfem ollameoofheinexer i n
accordance Witl, 2R ARREPHK '7184&1 GRol ta%geg' §f1£‘619%ﬁ 1 Hdesl 8 %ng; e the

term nal end of the cavity did n extend as far as the outboard end of

the trai Pi ngrnédg¢é, thanmgar Yee duwitr 48l eAtcosdingity y Hamfifieikotdg near the
out board e [0 W Se. ) |.i.ng, .. The inboard.end._qf the
trailing edglge&qr%gfea g% %%églﬁ%%%ta%%gﬁgl ??f/oue%bﬁ%eerrsca de vt 38'i ﬁpert“?\érence
with a dril lbengdappangeoss tHat ttles hd@ei spdcing dghriddaltibe ihekesse in an
perpendi cul ar .to_the.trailin dge, the_ inbhoard platformmy interfere with
drilling of Qtuﬁi’olaﬁ ogf’ﬁﬁ%ﬁc}%o&ﬁéﬁ@r tﬁ’ﬁof%i“ ’r%‘?lg‘%% t%%‘qrilﬁg edge, thus,
for a given nhiulfkicagriagpedad itfsrad ibast Bhat £ &hnimh PHRAAGcHE2bn 80l £8e M ght
pl ace tHE i nboardnost hole to far outboard. Accordingly, for this hole
such cornt¥i d&PRPEENSPNERRE RS S A b HEdti BR FAREHMANY @idh BeFdRBDD so as to

permt the holegkoilesphéiisi @l achbRBI L. & S nBGCESS akolBintL & d109
cavity at inboard or outboard ends of the trailing edge may alter the

angl e e, frd@h ERRECRELERE nFemtinpiHetwibetbendesirabl e. Additional ly, it

may be desired t a b e a : ' Wi .a.,SHRAg
drilling apparat gs‘fglggr(%{d&iélg \rlltgq\r?i Iﬁsgggi\p}%}a ncgic%fsr%lSEZ C(L:‘%@Ki ?g Jg %\Ar/h t

The use of extehdappafar uss nee ragioeet endedbmlia tired ldpgciedgeseitect i on
15 might be desirable to slightly fan the holes near the outboard

edge or otherwise enhance cooling. The inboard end of the
trailing edge may also pose manufacturability problems due to
interference with a drilling apparatus. If it is desired to
drill the holes perpendicular to the trailing edge, the inboard
20 platform may interfere with drilling of the inboardmost hole or
holes along the trailing edge, thus, for a given drilling
apparatus, a restriction to perpendicular holes might place the
inboardmost hole to far outboard. Accordingly, for this hole
such considerations may cause a reduction in the angle 8, below
25 90 so as to permit the hole to be sufficiently inboard. Also,
access to the trailing cavity at inboard or outboard ends of
the trailing edge may alter the angle €, 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 selectiocn
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 8, for each hole.

35 Ease of constructing such apparatus might require that the
5



and in the hole orientation. One such apparatus mght require the several
gang-drilled holes to be parallel to each other, preventing independent

sel ection of the angle 0, for each hole. Ease of constructing such
apparatus mght require that the 5 several hole axes be evenly spaced from

each other, Jthereby, %eggggiggﬁﬁggggg%gﬁggdsg*@g%%gﬂlq5:%Bgck%%rggr each

hole. Alternatively, however, cou ange alorig a grven
appar at us wiprevanchagathéepstdents padieng i0e. gf, spacban fosr redibahplef one

apparatus differing.fromthat of t next. Wth ch apparatus, a .

cont i nuous c1§ﬁ§8agﬁvggﬁti¥Eﬁ?ﬁ§f”b3%§bﬁpg§é89 c?Vf% {hﬁdgé ﬁﬁﬁFﬁH? BhVohe
gang-dril i ngppeaaphe, watsi agtleaxidddringiapppaaing ihé.gl.t,i ld zRGnt @rdr ibl | a 4
gi ven nupber N.(e, Q. 5-15) of holes at a tinme. The apparatus nmay be use
to drill a B RF (80§ 2PRAF FUSTEIEN eEf g ef EOBT LR PN i @8% ki t BB

exenpl ary tqiah apphestof, ol esmbigivemsbehwrgn 49 Sneki3Q0 nalhee aXgsePbgeach
set could be nonparallel to the axes of the other " sets, thus permtting

the sets of hol e§1£B beigelmtnind.y igl o5& IaBIpérpeind anamrlieo eheingdeling
edge (agal ng3aheal, LBpSPRALL ULS, 449 LA LB BLNRY £ASIderbiansy. (L1

anot her exanpl e, erent drilli1ng apparatus Vi ng érent "axi'’s
spaci ng may-Be)ubkfl hetdstat dr itdma.h@hgi Bppreatusetsy dfe holegs toBirnay af

exanpl e ;nth L.a an of_the trailing edge _nay.b baut 1..0-15 inches
dependi %8 o%utgr%g&agp?igégﬂ o%.glrl'ﬁ“eoreﬂolog Fggre?grssg%fﬁ %‘eo &t \)\“’égﬁ &Bout 0.01
i nch and 0. Exempbeeynaota yurstrottof0 hales0b82hg Héwevdwl ard amgt RooayThe

between 5-25 tines the hol e di ter. In an,exenplary vane enmbodi nent, the
vane is din@ﬁf?oﬁgde§8§t?ﬁﬁ TP eﬁopﬁér??ﬁﬁ iqpa rﬁﬁ%ﬁjp% Fﬁ@ PBg?rat
the trailingeedgethSsapetmithing tdfe akest oEeRol &shes velailiate viedyt Beogagi ne

centerline. The outbgard end of the trailing edge Is at _a radius of about
12. 5 i nches.t9 ReFRE™ ge lagain subject to

icular to the trailing e

15 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 about 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

25 inches relative to the engine centerline. The outboard 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 embodiment,
6



exenpl ary enbodi nent, the spacing starts at approximately 2.1 tines the
hol e di anmeter near the inboard platform remains generally the sane until
the mddle of the length of the trailing edge and then increases to
approximately 2.7 times the dianeter toward the outboard platform Thus

one drillin apparatus with the smaller spacing may drill several groups
of hol es and® ReAhcalEBEbRdVEPIRR 78 RRPFAYITRESHarifer® SdaeengRRadotaril |

the remai ndey; saeRkehnkArt PRe exaIB R Y 18RRRMN MBS athior Sk itldc @) ¥ 3578 | Bfes
nunber of holes). In the exenplary efbodinent, 6 the hole | éngth varies
f rom appr oxitigt 8pyeldisneiepsnedie thel eutlpanét pkatmiecam t Ha ithisoaredmplary or m

to approxi |V 514 | e .di o L t e, platform
Im The oxemprarytanfd ridR S e R ols ke SRR e
trailingSedgeiget héhhohesemaagart Hdd ribbaaddppasf Dorm g &t a spacing | ar ger

than the 2. figf%urghduet 0 {etd.uced ool 'hng neegl necglr tlhe pl atf.orm _Thus
it can be se&FFhRat the %‘?o ressiVE S FEE 8 anﬁ? YEDVEPR &ﬁllgyngegu‘ﬁ%?léntial
portion of tdie plackbpd. etiges {®©.dhn L40s8H Ohat NEHe PlAVYrRWsY veS8p 80y
FIG 5 shows a turbine blade 200 having_a platform 202 and, _an airfoil 204
ext endi ng f MG &SpPEKT n@MLY cdtSWHFE 3t 1ehe POBF 207 v fthte & r@idine edactip

208. The airf0ig. ,may-bayeor suhstaMdralowdiym karggses to the vane airfoil. In
gi ven turbine, = and a nunber of such bl ades may be positioned with their

platforr8 side-bjISidé EBOF®ran e iing. béadn BPGdeavings pdptferm 202 and
| ntersper sediMalihLh¢ ﬁaﬁleeﬂélalﬁingt ][I%'anO?EQXPA\ﬁ QU Rfs BOL Byeform ng a

f
general ly continuous inboard wa of the fTow path through the turbine.
The exenpl amiasifede &pr#oflistak dnehdiipg 208ndThe add 1y ledges haye® and 212

f\gegr gtni Q?r%ru%%ﬁ%‘éiéﬂdsﬂ%ﬁ%?ﬂ%ﬁd%% %%g gng. 2&7?r§oTﬂ[e. t?c'nag;ﬁv%hr EQLb s By
y O trail rng edge hol es sinmlar to that the vane
airfoil. and a number of such blades may be positioned with their
15 platforms side-by-side to form a ring. Such blade rings may be
interspersed with the vane rings, 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 sides 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
25 scope of the invention. For example, desired flow
characteristics of the turbine may influence hole arrangement
in view of available manufacturing techniques. This is
particularly true in redesign or retrofit of existing turbines.
Accordingly, other embodiments are within the scope of the

30 following claims.



One or nore enbodi nents of the present invention have been descri bed.
Nevertheless, it wll be understood that various nodifications my be nade
wi t hout departing fromthe spirit and scope of the invention. For exanple,
desired flow characteristics of the turbine may influence hol e arrangenent
in view of avail able manufacturing techniques. This is particularly true
in redesign or retrofit of existing turbi IMSaccordingly, ot her
enbodi ment s yame Wst bi.AThke scope of the following clains. 7 CLAIMS WHAT | S
CLAIMED IS: 1. A turbine elenent conprising: an airfoil having: first and
second ends; leading and trailing edges; and an internal cooling passageway

net wor k i nclyudi ng @ﬁrblﬁ@séléMHhé'E@h?k@giﬁ ge cavity and a plurality of
trailing edge holes extending fromthe trailing edge to the trailing edge

cavity, wherein gheairbbil fepwdge hol es are arrayed at a spaci ng which
progressively changes cal ong a, portiaon of said trailing edge fromthe first
end toward the secondfﬁﬁékggfd %gogﬁeﬁﬁﬁ?‘of claiml wherein the spacing

i ncreases substanti aléydoontdmiansliyingd. edfes element of claim 1l wherein

t he spaci ng increases substantiaIIX st epwi se over groups of said trailing

edge hol es. 4. The el Bhettt O & $PANBRBFRIRIRY FSMe T dBFAPIGRIUPE of

said trailing edgeahel &8¢ e 1NeleedgR eachrpadsh H GURiRAVIERIcrCephelihdes
parallel to each other,_ and the centerlines of holes in at |east two O

sai d groups bei n§3#BnRpEeAIPEISEGngaéRom 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.

2. The element of claim 1 wherein the spacing increases

substantially continuously.

3. The element of claim 1 wherein the spacing increases

substantially stepwise over groups of said trailing edge holes.

4. The element of claim 1 wherein there are several groups of
said trailing edge holes, the holes in each said group having
centerlines parallel to each other, and the centerlines of
holes in at least two of said groups being non-parallel to each

other.

5. The element of claim 1 being a blade wherein said second

end is a free tip and the first end is a root end.

6. The element of claim 1 being a vane wherein said first and
second ends respectively join inboard and outboard platforms

unitarily formed with the airfoil.



other. 5.The elenent of claim1l1 being a blade wherein said second end is a
free tip and the first end is a root end. 6. The elenent of claim1 being a
vane wherein said first and second ends respectively join inboard and

out board platfornms wunitarily formed with the airfoil. 8 7. The el enent of

claim1 whergein_ the %i&inéﬁ@g?ﬁc eaibrP'fe%.r chave ?l%;legrrtie]%a:j{]]sjit%gte éghgé\%%?ya?g

0. 025 inch. 8. The elenfent arm eréein

an i npi ngemgrtvecdvbtigteds Hétewedrertemtlsokndl ai. ozt ierein the portion is at
| east 50% of a length of the trailing edge and the spaci ng conti nuously
progressively decreases in the first direction 10. The el enent of claim!]l

wherein: the . net waekel smagapd £t ndilr 6ekreonl LG @S Widicdigkheavifqiid ng
edge cavity to increase in tenperature in a first direction'parallel to
the trailingledg@lngflicRhecdpeled ng substantial |y progressively decreases in
the first direction. 11. A turbine element conprising: a platfornm and an
airfoil: extending along a length froma proxinmal root at the platformto
a distal end. havhagelemgithgefard aimill whgredyeshe apartditdmg speéssanet ahd

suction sideg, aaﬂgngéﬂ? 88 &é?@éﬂ%ga%ﬁ%g?&% 0ed al%j{n cluding,al 4 gast
one trailing edge cavity and neans extending fromthe trailing edge “to
the traili npredgessapehygedertexma tiyn tbe €oobt ndixedtriaid i ng edge portion
of the airfoil with conpensation for tenperature
10. The element of claim 1 wherein:
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
the spacing substantially progressively decreases in the

first direction.

11. A turbine element comprising:
a platform; and
an airfoil:
extending along a length from a proximal root at the
platform to a distal end;
having leading and trailing edges separating pressure
and suction sides; and
having a cooling passageway network including at least one
trailing edge cavity and means extending from the trailing edge
to the trailing edge impingement cavity for cooling a trailing
edge portion of the airfoil with compensation for temperature

increase of cooling gas along said trailing edge cavity.

12. A methed of manufacture of a turbine element having:
a platform; and
an airfoil:
extending along a length from a proximal root at the

platform to a distal end;



i ncrease of cooling gas along said trailing edge cavity. 12. A nmethod of
manuf acture of a turbine elenment having: a platform and an airfoil:
extending along a length froma proximl root at the platformto a distal
end; 9 having |eading and trailing edges separating pressure and suction
si des; and having a cooling passageway network including at |east one
trailing edge inpi ngehBHEnEalFqATEhGTE pFrat Al pe yeddes rSHNaR§ I NEd§ECRBIER

extending fromthegqt kablting edas t qqghe trailing edge inpingenent cavity,
the nmethod conprising: casting a turbine element precursor; sinultaneously
machi ni ng a firshayivgpaofoshiny Hassaderpy ovétwarkl hotlexlirgnét least one

si nmul t aneou . i ni r : iLd rali.t f _hol.es
out board of %s%lg%?‘?r 5{:‘5% %Péﬁqoé&%o %é?%g{’a%%& h%%fn%&&l%’hg%a&%rllféfl?c
spaci ng di f fezigenolleemeat eldiar tferdrstthe spati g ddganddietd rshigiagp. 13.
The nethod of, cl ai m.12 wherei n cente Iinesega said first group of holes

are non- par &998 B1PERTERY | RGO §éﬁedm55 d“OB GO of hol es. 14. The
met hod ofs cl ai m kdswhageh ntihe iecichicnd phethiesdtsst  group is preforned
using a first apparatus and the machining of the second group is preforned
usi ng a second afSpArAFBReAR? Y MRGREFHET Pufirer TR idesadidnplianédh¥l y
machi ni ng a digld g0heYRs ; 0fngai d trailing edge holes using said first
apparatus. 10

simultanecusly machining a second group of said plurality

of holes outboard of said first plurality of holes and having a
10 characteristic spacing differing from a characteristic spacing

from the first group.

13. The method of claim 12 wherein centerlines of said first
grecup of holes are non-parallel to centerlines of said second

15 group of holes.

14. The method of claim 12 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
20 method further comprises simultaneously machining a third group

of said trailing edge holes using said first apparatus.

10



