; pge3ei f (6TEK"3 May 2004 STRI ATED COOLI NG HOLE BACKGROUND OF THE | NVENTI ON
The present invention relates generally to gas turbine engifgg o@f, nore
specifically, to turbine flowaths therein. In a gas turbine engine, air is
pressurized in a conpressor and mxed with fuel and ignited in a conbustor
for generating hot conbustion gases. The gases flow t hrough turbine stages
i ncl udi ng stator vanes and rotor bl ades which extract energy fromthe gases
for powerins the conpressor SRdlANTENGOODINGWMDLEOr propelling an aircraft
in flight for exanple. The turbine vanes and bl ades include airfoils which
are bathed in the hot conbustion gases during operation, and are therefore
typically o~ AN Tl |0 i3, effected by bl eeding a portion of
pressuri z%é%mt(ﬁ#e%%%gggwgnd channeling it through the airfoils
in various manners of cooling thereof. Each airfoil may have one or nore

i nternal cooli rrg]ecEm@ﬁt Snuadhitie R @Ia&éé@éﬂ{e@aﬂyhﬁ) ¢! tunsing’ éng[ﬁﬁ,eéﬁﬁ ough,

which is then discharged fromthe airfoil through various oO t hdl es

forned t hidgsPertiicaly, to tutkinedfowmsithrcthergisedi ng conpressor air for cooling
t he turbines necessarily decreases overall efficiency of the engine,
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filmcooli ng hol es and trailing edge cooli r;l(‘; oles. Trailing edge cooling
i s partic§Paf$ ﬁo‘ﬂ%‘&u@ﬁﬁ'ﬂﬁb&"q stagesinchiding staten vanes endhotnrddadesf whish ai rfoi |

t her eat. i £4 | ugles i i ch extend from
oot ot FauAd gty e B5°GREESTAY Po@Rfing i iR il PeflieBS e
pressure aodestmtpropelingles arorafigindiigtitdortt dxantyslej | i ng edge whi ch may be about
30 mls (0.76 mm thick or less. A typical -trailing edge cooling design

includes a rowof axially extend] 1. 3 2004 di scharge hol es spaced
apart radiall yTg'IedHé’"i’ehﬁ TShae g@%ﬁl'“@%a%ﬁ? Hg"‘% @rﬁ&atheq?m thedptof t he
relative thhibuessSn b hé& Ty [ S i f qairfoil
is typically soli d%eiﬁé;gtua?%r%h%@@&npﬁgqgggeéow@%ﬁgggﬁlgfaésk ygi cally
centered caclingiswdiactastbmblerdirgen ppgiosi dfpresasizadairinomdhe tompresstes. The

trail i | tend axj.al Ly, forwardly t | . hannel i
whioh conboclfnging )} RGP b, altioid G eipls Baiea readibbahbrectne
cool ant aBachsaiflbis aftdy B&ek bRE IOt tbfal tbBthE dagnMas %iét?rdis‘iﬁ’&}t}eng the

trailing edge region by internal convection. The trailing edge cooling
hol es nustheeeelifighir itherettveughawhictiiiateere dischargeid: froit tienaitfhi tugbw wi dt h

f th L I | di ngl latively | ,
u th | ena o TRl orped By b LRI TRAEE T or cxanpl 6. Accordi ngly.

as the coolant flows through the slender trailing edge holes, heat is

absorbed from Sireceaibldealing onsmrewssit i forCooyiRey it ©EsthéS thddeskhmyt ed in
capabi | i t\é, and therefgé% the density of the trailing edge cooling holes is
typi cal | yORF§RSes overallefiicipasy of it pRginenemaxmaumy wl@gg@ﬁcmcx af Hate '
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effective trailing edge cool'ing increases. dir'ti onal “conpress eed air
may be regoadlirgdciauitsnipeturbiget vemesi dhetesheand stgoddspads aiotibdobhadd
resulting _in,a cqrrespondjng.reductiqgn in engine efficiency. Accordingly,

it is desASEBas holes E@H’d’ﬁ?'%@@imﬁg‘%ﬁ'ﬂ%gﬁ@ﬂgieggér?@Ql'@ﬁ helgebi ne engi ne
conponents. BRI EF SUMVARY OF THE | NVENTI ON According to a first aspect of

the present invedifind®edgd dddiind ik Wi (. ;O q;;%m f i[5t urbine
wal I having a stria edgdi scﬁaéde%\o[égﬁ%%éhogl%%tﬂéﬁ et ré)ffjgﬁewr‘e[agﬁ/e
al t er nat i Hgnepssooktheaaitioil thaeabf Anbifaininclidey pressurel amsbction sides

which extend from root to tip, and are joined at opposite leading and trailing

edges. The pressure and suction sides converge to the trailing edge which
may be about 30 mils (0.76 mm) thick or less.

A typical trailing edge cooling design includes a row of axially extending
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According to a second aspect of the present invention, a second turbine
wall is provided, the second turbine wall having a striated di ggpar hol e
conprising alternating annul ar grooves and tubul ar | ands. Acco |ar¥gﬂﬁ a
third aspect of the present invention, a nethod of making the turbine wall

i L sina: 3 | ai e .t hrough
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fourth assaaP! of PRardifgcdee FRbil RIS mitaty; cholifdy P SEETRLER bR
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extendin Lt ydi f t ' ordal,l e en | eading an
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and t er mi pedlamtg Thateriotiot sdiid disahagdd, thrdught theulrailingd edgd ablge fopkeeolingi thg
striated wLi: | al ves therein. 2a 3 May 2004 BRI EF
DESCRI PTI |@E%Wﬁ@ﬁﬁgo%§@o ‘ion, in accordance with preferred and
exenpl ary enbodhedmiisg etlgg evdlieg halashmilistmiehessadlyj heve st disndstarsttadiewithin

t hereof, | el & d ri i he follow ng.detailed

descripti grr% rﬁ%ﬁogln&?dr’t]ﬁ 8?)%63?145' |go%d$q%ﬁ ‘%"%Fﬁ- ﬁgq‘aoiecsozﬁ[sa??ﬁeﬁ%o@]ﬁh’ F?é%“"?ﬁ IQ\Wﬁ’ch: -
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portion ofoaling the riitind edgeai | i ng edge illustrated in Figure 1 schematically

show ng a pref ﬁgrﬁ%iﬁ@tdﬁgpatika rtet'l%repgtnr%st m%re%rsé,i %ES dblggjes G r%%crggééas? the

t herei n. ,
problem of effective trailing edge cooling increases. Additional compressor bleed air may

be required for meeting the higher heating demands of the blade resulting in a
corresponding reduction in engine efficiency.

Accordingly, it is desired to further increase the cooling efficiency of turbine engine
components.

BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a first turbine wall is provided,
the first turbine wall having a striated discharge hole extending therethrough with
alternating grooves and lands of substantially equal length.

According to a second aspect of the present invention, a second turbine
wall is provided, the second turbine wall having a striated discharged hole
comprising alternating annular grooves and tubular lands.

According to a third aspect of the present invention, a method of making
the turbine wall according to the second aspect comprising: forming a plain hole
through said wall; electrically insulating said plain hole at locations corresponding
with said lands; and electrically eroding said plain hole at locations corresponding
with said grooves.



Figure 4, like Figure 3, illustrates schematically additional steps in the

met hod of formng the striated di scharge holes. DETAI LED DESCR R@{gﬂg THE
I NVENTION Illustrated in Figure 1 is an exenplary turbine roto Y, 10 of
a gas turbine engine. The blade is one of a full row of blades extending

radially outwardly froma supporting rotor disk 12, shown in part. The
bl ade nay have Agordihiemfqusthaspeshefi the peegeshinvaoiientiadyrkine fikis provided,

cor r espond iUt i eomproRy= dtesadit IS AR EhBS, MAHInGG £ owplc i on,
hot combusktemliggdesgitldiradle figen esetitodipi andickordaliys betwdaroleadmvemd &an

nare
channel ed past the turbine airfoils which extract energy therefrom Tﬁe
t ur bi ne aieBQ%?;l angr @ iy p&rordisox@gg@dhgiﬁ t prdepdinsusihrendrs said wsll 2and
gases and i i ad:gr y I : ' i Qn :
pressurizg%hgpéu@%nggﬁsagégn%?ggbgﬁg?ﬁggagﬁgﬁﬁgﬁﬂaﬂggﬁtgﬁﬁéﬁgﬁﬁg ég“g
cool ant stadialy secelsaen greavesthereasm t he dovetail 16 and into the airfoil.

Al t hough a typical rotor blade is illustrated in Figure 1 in an exenplary
enbodi nent, the present invention nmay al so be practiced in other engine
conponents which require cooling. For exanple, turbine stator vanes (not
shown) have simlar airfoils specifically configured in an annul ar nozzle
nount ed between radially inner and outer supporting bands. Both the bl ades
and vanes have corresponding internally cooled airfoils which may be

nodi fied in accordance with the present invention for providi ng enhanced
cooling thereof. Furthernore, turbine shrouds and vane bands are yet
addi ti onal conponents which may enjoy enhanced cooling. Mre specifically,
the airfoil i 4 illustrated in Figure 1 includes a generally concave,
pressure side 22, and a circunferentially opposite, generally convex,
suction side 24. The two sides extend longitudinally over the radial span
of the airfoil froma root 26 to a tip 28. The two sides al so extend
axially or chordally between | eading and trailing edges 30,32. The airfoi
may have any conventional internal cooling configuration desired, such as
one or nore internal cooling channels 34 through which the coolant 20 is
channel ed. The cooling channels nay be single pass extending fromroot to
tip, or may be serpentine cooling channels having nultiple passes inside
the airfoil. The coolant is discharged fromthe airfoil through various
forms of discharge holes including filmcooling holes along the surface of
the airfoil and tip holes at the tip thereof. In the exenplary enbodi nent
illustrated in Figure 1, the airfoil includes a solid wall 36 along its
trailing edge 32 through which a plurality of longitudinally or radially
spaced apart di scharge cooling holes 38 are disposed in a row between the
pressure and suction sides of the wall 36. The trailing edge holes 38 are.
di sposed in flow comunication with the cooling channel 34 for 4
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3 May 2004 discharging the coolant 20 therefromwhile cooling the trailing
edge region of the airfoil. In accordance with the present jmgg%@)‘?n, t he
trailing edge holes 38 are striated along their |ongitudinal axes tor
tripping the coolant as it flows therethrough for enhancing heat transfer
capability thereof. Enhanced heat transfer in the trailing edge holes

i ncr eases BRiEFRDESGRIFGYONIOEdMHE ORAVINGISer efore pernmits a reduction in
the amount of air bled fromthe conpressor for this purpose, or,
alternatively, ﬂ$r m.ts the airfoil be operated under greater conbustion

) t ¢
gas tenperature 9 n RYGWEP off i GFCOIIRRCEy alVtAb R¥etsEad ngndi rexemplane
efficientl I | ki I i l | Ci ency
of the eng%gw'ln%@ftﬁfﬂgp%ﬁ% @ngdﬁeéa§§§%f§§§ {r,%?g %ﬁﬁ%lgéﬁr'é rﬁr){éni tiate
i nsi de t hepatiedlaily deacritieniinctherfoldwiayi detaied besdriptionahkearyirc bemjoattici and
extend throl the trail h&g edge wal | .36 between the pressure and suction
sides to t¥ ACOTIREYHY FRYINGS IPAWNICR ong the trailing edge 32 itself.

In alternate enbodi nents, the trailing edge holes 38 may term nate al ong

the pressure SiFlgufl 1!i8@ndisbietic Liewl8Pbh kenlid MWiind Beactd haghediol @ 1 s

configured for cooling the trailing edge in this exenplary e ment, it
may al so Rirfaikewitat stiahed -dischargendales tine aacofdainkce asvithe srr eekeraplanel | as

in other engi compepent s requiring cooling. The striated hole 38 includes
an inlet 3@@"%%3@8%%W&S%%ﬂFY?{Bw%hanna 34 for receiving a portion of
the cool ant therefrom Each hole also includes an outlet 38b di sposed

out si de the ai rifigie 2 & am@ohistrié,r ictibnal wEW df BQiorBdRBPbEe of He Siriathpr 9i ng
the coolant. The striated holes 38 are preferably arranged in a row spaced
| ongi t udi ritifhArgd drales dlustated: ine Figsse Davithin theralashed zécle tahglech@ v ai | i ng

ol af y Seniesrti A7 R0 Bk SHGTL ARG E P aeaF i hRtiohe st ot ed hol s

38 are relatively long conpared to their diameter for extending through the
relatively thirFigusi Bi isgaesgsional tvied6 off atpation rdfoine betolerailihg Sedieessur e

and suctiap sides, ch of the 5 3 May 2004 striated hol es has an axi al
length A d@‘éﬁ@?‘%‘ﬁ'%é@ﬂé@eﬂ SF%'%"“?H‘P%{V %{Wd‘x%ﬁl%?f;fﬁﬁﬁif@ﬁthog feufsedng tha 1 y
greater thanatbhRlicHnangs ﬁélegﬂpéreh-{:]'e hole, and therefore the striations are
provi ded to enhance cooling of these |Iong and sl ender holes. Figure 2

illustrates in nore particularity an exenplary portion of one of
Figure 4, like Figure 3, illustrates schematically additional steps in the

method of forming the striated discharge holes.
DETAILED DESCRIPTION OF THE INVENTION

llustrated in Figure 1 is an exemplary turbine rotor blade 10 of a gas
turbine engine. The blade is one of a full row of blades extending radially

outwardly from a suppbrting rotor disk 12, shown in part.

The blade may have any conventional configuration including an airfoil
14 extending from an integral dovetail 16 which mounts the blade in a
corresponding dovetail slot in the perimeter of the disk.

During operation, hot combustion gases 18 are generated in a
combustor {(not shown) and are channeled past the turbine airfoils which extract
energy therefrom. The turbine airfoils are therefore heated by the combustion



the striated holes 38 illustrated in Figure 1. Each striated hol e i ncludes
al ternating annul ar grooves 40, and -tubul ar hol e segnents o‘{)M% BE§s 42 which
are effective for tripping the coolant 20 for pronoting turbulence thereof
and increasing heat transfer capability during operation. The grooves and

| ands preferably alternate over the full axial |length of each striated hole
fromits i gheés and aw byBicallpinteranpebomdasohlbaging s S&iiby S Brcsshlistd H?e
entire length thereof. The grooves and | ands aré preferably coaxrally

al i gned al 8RgfraMmcanfomPresser t(nat shbwohnwbidhi aé pravidasher eoblahbrsuitéigct i ng a

strai ght di ol e.has . m nal. di aneter B as neasured at

t he tubul a?%@ﬂ%@&tlﬂ%&? nga@g\fefq%'ﬁ?\?gal'@ﬂgﬁﬁ ag?oﬂt he grooves and | ands

between the inlet and outlet of the hole is substantially greater than the

nomi nal wi dth oAltHbagretetypihl idier bRide it Aliddttated ihiFRyurda AVAah 'eifeér@l ace .
[

provided in the thin wall 36 between the pressure and suction sides”al ong
the traili BGbogdiaentcdbe wesSeRk inventien 4pay salpe die maatticetuipubthrerwengingar al | el

opposite cj .an .re i vel urface. Each of the grooves
2070S aF sochfpRenE Rch Rcie i dinge) ¥oP IRAhIE IAARE; steh ytiasutos i o
rel ativel yshowo) haver kincitar hhidilbi spesiidaligutenfiqited eRC RO Tanhfirdheeyes 40 is
circunferenti alg?lrgaconti nuoys axi ally between adj oi ni ndqﬁ | ands 42 w t hout

spi ral i ng. M3¢nN pganafadialiypaehand outastsuppening bands. t Bethythsobladed0 and

| ands 42 ' ; j ' s of the striated hole if
desi red. ?ﬁéd gﬁp%)%bs-' 89%? H[}%gﬂu %?dcl)'lc‘)@ggéﬁ%ﬂ? g %igaﬁﬁ?'%d“’élgﬁm%%bei"H?Q'-B?QI ptions
in the floin eccomiahaat w26 ther peedemcinegnii@atiot naositivg CARABSSd BoNsg t he
nom nal di gnet er of the striated holes is relatively small, any

obst ruct i oM&eRk hdurthesmprewusking nehredes And vase bands erelaet additiona)pi cal
trailing egdg@paREhtsGatid é}? ] | er B of the striated hol es may
be as little gs aboﬁ@%‘pma‘yts @P%@ﬁ%ﬁeoﬁéc@@jbzoo‘l nmm, with a hole length A
of about 300 mls (7.6 mm. Accordingly, by introducing the grooves 40 in
t he ot herwi se siooe Bpeciticaliynthecaifoil Hélilestratdrkbinciglient irkfudeaya benématlpped f or

hanci ' ffectl t her eof . . | | mbodi ment ,
Che i mat vi GG blsaure, 5842 BIER cloGnBgaial Sesha, Bombrabhsacx o
| engt h C whiigtionngive 8. amieatwd Qd@éo%sef\?ﬂmn@li@if?éi@rov%r fﬂet %%@%ﬁﬁﬁ“ﬂl arly,

each land 42 has an axial |ength i ch ay be”equal ngth C
of a corr e3iFgHdioNy agreble tardimP8o Thgumo sides Alsoraxtendiasiatly er cBordale

i ndi vi dual gﬁ% r : I ular over their axial extent and
have a sui ?a %Hﬁg?‘g@?%Elﬁe{ﬁd’éiﬁgféﬁe%ﬂ'ﬁg nom nal dianeter B of the holes by
being recessed in radius by a depth E as neasured fromthe perineter of the
l and 42. The grdheeaidoiptrhaf wave bay adunventiowal dneshel cobithg)eBhfiguratibinet er B

of the hol .mh t he correspondi,n? di anmet er of the annular groove 40 being
about 50% é?%l SUPR AT Phfe OR dRPTRantaBrlecenlingethanngls 3¢ threugh eviictatiye

nbodi nent ¢ : ' i t 0 Fi -h

O coves. 40 g A% P L el TR XRg chahhlRha) 58 ARS8 Bafendids cusps
4;1 whi C'ht ﬂﬁﬁl;nnl@ot P:etip,r?temhgdémsgrpelllmcmm. chmemmgﬁgllrritﬂtimﬂ?%%hé;@' y f
snar W .. ad er er cute, I n uged an neasur ed. al on e axis o
the hol €. ﬁ“ﬁ‘dteﬁ{r? fioll. 2The HP@O@«%ﬁ%_ SO o D @telk ﬂéoq?gi"divaﬁ_auﬁl
striated hRm@s. ofl disétRf 'ﬁblé‘é(%ﬂ%odnﬂln’?éﬁglilﬁlﬂmegral%gwg siffadd s :ﬁeﬁl ar

interrupted by the cusp 44 as It cohverges rough narrower a
| and 42. Thirfell engdipdiades atitiedipthesssfi on of the coolant is repeated from
groove to groove along the | ength of each striated hole, with turbul ence

bei ted gt h land. The,striated hqgl.es, 38 tjcul arl
of fective Tor i NP BASCMp Ay ampqdiment fluplaieddn Biqure iy hebmgon neldlesimser
hol es havi said waugse—amgﬂalt@tmmﬁg eH@b!S@th%’l{iq@f #lchdd bxﬁa&ggg ﬁ:@gﬁgnaﬂa%o’ and

up to about 50 for exanple. The striated holes may ther e us at any
| ocati on i ® &dialibepacesd apartodischange ¢anlingnhelasi 38) ane afisposedsfrea. row

Sinmilarly, i ated_hol be, ' 7. 3. 2004
onot ne. corbesR e Brere®e ARl ABoT SRS the vBEAN < HRE Haling,eekieioles ur bi ne
shrouds suBg carad dighosbd P Abw' ebfimitlictin With e ARRi 'Of}ﬁgrﬁ%)ﬁj t%{\ g% g

typically air cooled. The shrouds may i nclude coollng
t heret hrough which may be striated in accordance wth the present
i nventi‘on. 4




[l'lustrated schematically in Figures 3 and 4 is a nethod of naking the
airfoil 14, or other engine conponent, for incorporating ttgeMg)‘t,ﬁb@,_{ ed hol es
therein in accordance with an exenplary enbodi ment. The airfolr1 or other
conponent is initially manufactured in any conventional nmanner such as

bei ng cast to shape with the internal channels fornmed therein. As shown in

Fi 3, & i ndiwi i | es. . SUi f L h |1
36 an 1A e o 2 R SR EoRS it g Rl g} " "
cylindricahetifa@s 38c. The initial plain hole 38c may be forned in any

conventional manner such as by drilling, electrical discharge nmachining, or

el ectrochem cal, nachining in the preferred formof Electro-stream (TM
qapcsyuith i e

process as conmBradcqrgane sSephinvRBlieR Hae drailingeedas Bolesnshare

Ci nci nnat ig¢£8BHO: q@ﬁg- : fiad hgl.e i rically

i nsul at ed Sé?glégcgltdingngﬁhg%r re [t;l)%ﬁnﬁqn%f%c? %Pttﬂéeaﬁ%sﬁ]lre egoﬁ%ﬁéﬁ%% %vﬁk‘”f% t he

| ocat i ons tbéretiroudk sfor emhgndiageiseatOtrdresfeg capatility i thatdof, uBihhandet @dat I n this

way, the gl ai g hol gs 38¢,. maydtée EI ectricall g rpd(ﬁ,d_ sel ectively at the
groove | oc@tT%6Ms " rf'eftffr‘lllﬁ%ﬁ Ro Qieﬁr B6tRaseR0NG eHisiANCYr BHICRGIIRY awhagi ng
the porti GRsreBbrel pfimiHsdl FediRtiSs irﬁjﬁfe: &'negglf Seail BRAS A thé ’&P@"lp‘?éggq?g@gg by

enbodi ment, the individual plain holes c are electrical I NSu
coati ng t Hbisepuipose, omealtemativelye pefmitatie hifod teiiehopemated abter gtegéri cal |y

i nsul ating _cgating 46, such as ordinary varnjsh for exanpl e. The varnish
coating iy RHIOD SRS elERlrs, I eitaraptEn. neavlablpecodlbgiaioanee:
per m t ti nafRtiesdy iapdl efsAVERNUlIBRUERS inkltashy HR bRl éﬁﬁie%gccg{f Al
insulation. at tHe |and | ocations. Since the i"fnsulating coatin 6 1S

rel ativel yendii®, it may be readily 8 3 May 2004 stripped away of the
groove | ocations by scratching the coating thereat to expose the underlying

wal | or substr erial t ehgl. cratehing, may be effected h
rotating a fl eilltrgﬁ {ergﬁv{néee%gg,%%scﬁgé@gggg%{ﬁ @Phﬁ§/ '@ﬁ?t?dﬂ?'ge ?é'\",fml?/or
using its ihiffov eostnaticatinatht fhe e66liignehanien e34dentlr &dend tBrctghairehi ng
wire 48 is preferably disposed inside a supporting or protection tube 50,
with the tidEGedag walép?@gbaweﬁm dee tesira; anchsuetigssidemio demtinateend or
tip of th b : . t:he..di st i f, the tube
so that | urciirte (48 AIFEERaMHE MR sUbe BB LR Plsbbhedliswi re 11
radi al | y dbe'iliigyedge IsaleaB8may termenateealdietheopiesgref sigenof ke himildge of the
bol e. The proximal end of the scratching wire 48 may be rotated using any
sui tabl e ncfﬂs pd. diitbqugh twsﬁ@itﬁfg;‘ﬁﬁdﬁtcégf'glﬁeg feperaling thadraling eddspiess. The
protecti olphisuhe hSerRb & ¥ t fstede Ln. ition
over the Ieaggéhng?a?ﬁee hgﬁfllg{@g %g{éﬂ%ﬁ&h%{#g@?ﬁtﬁtc iﬁgﬁv#r% e;ﬁjgéi'éérﬂﬁﬁ

pr ef er abl yaseogsiledy as el sisdh etheranginescimpanerds réquiirsg cealingni t hi n t he
protection tube 50 and inside the hole 33c as the wire rotates for

scratching the goatj.n n he axial extent of the groove |ocation to

expose the undeﬁ%%ﬁﬁ'&%@?g‘ﬁjm{qﬁéﬁén 'fi%%aﬂg'%ot'g'ﬁé_’ B9 8F% i oned
Wi thin eacd fof réduivinga Portioh ®F the c6SBREFRASTHM I IBAchAAAE latEnviuRibs iap t he
insul ating coating fromthe inside of the holes corresponding wth the

several | ¢udlet 88b disnasediouisige dbe adrfaib along the tailifg edge fornexaroplgh fome

i nsul ati ngy; L ] eferably applied over the entire inner surface
of the in |'€%tﬁgfﬂ8ﬁ@$8é&gﬁ{ﬂ sel ectively renoved in the preferred

enbodi ment, the coating may be selectively applied only to the desired | and

locations in alTre natistednmholis"®8 wras prifedblyC Arrdrigadr ¢n 4ai fdwisspadeRs the
correspon in@E holes from Figure 3 in which the coating 46 has been

sel ect i vel'9nditudinglly Anart belweentthpdeat 86 ewdkthedineB aleng the Kailingradgeol e. The

| ! . . | {] t ai
Shor ottt it a'dh thd tidids WIRIOARTY Sionb\FRaRRAd BamB N b8 eniRn] o0
sel ecti velgmbodinhet Hustrited| de atis @ARfiGRaTicS A6 GiritfedvhblestdLa@ MRS OF

formng those grooves. fn the preferred enbodinent illustrated in Figure 4,

el ect r ochd?f@ aPmpacad i Wgin diamater feeexending tiaiongb therelatively shindeallings used
for " er odi g\ PYBSHAL SrdR bl KO hLdtFe SREERGHIdAR, AERY| 8 1l 00ves

40. :
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The El ectro-stream process is commercially available fromthe CGeneral

El ectric Conpany as indicated above for drilling small and 3%15”96(54 hol es in
wor kpi eces, such as discharge holes in turbine airfoils. Thi's £énventi onal
process may be nodified in accordance with the present invention for use
with the pre-drilled plain holes 38c for selectively eroding the grooves
40. A convefiatanablee! B&S ACHRET fHgtTES MhoddifedRRANBEN St 5%[&0&&11 %ﬂgfj for
El ectro-stream operation is used in the preferred enbogl ment illustrated in
Fi gure 4. whiohl ip subgleatsliv greetsghan thppdiameder of tise Helet hadithetefartdde pl ai n

hol e 38c, and,. I n trode wire 56.is inserted in the tybe. A suitable
acid el ect?ﬁ%{@é g{eoﬂk%bﬁ%péfi&qh?%e Paﬁlg%ﬂﬂtﬂﬁﬁ%}oﬂ"ﬁe&‘@ %@W‘?ﬂlﬁ%-re 56 is
powered with a relatively high voltage. The el ectrol yte attacks and erodes

the inner surfafpgued 2t Mesthabs itimdBeRUNASEY, art BkasY] P8y 8 ati-ons,
whil e the insul a?ed | and | ocati ons gee pro?tgct ed. Iﬁﬁ?g way, trr‘lée%cF

i ndi vi dual thgr sbipded 4wlesm 3 diustratad it Hdgurealll y Eanhmsttiated riplet ihcludes e

convention I be 54 ] 6. are indexed, al.gng .t he

Congth of PR Sty Sield Tacind ity GuB 3ot s e ud By A

parti cul ar ardetiastagefopfiripsing @he| idr e RrceloniBling thitlgehde thabtoraAgi on of

t he groove, | ocati ons additionalléwundercuts the a %oining | ands 42 to form
f

the correslR6rRASING bashirangfer wapability ddring@pekation. ahbeegropvies andr lendsisps 44
f : R d
mer et oundB 2 aDly, ARHAGE! AertE il hRE! KRGO Eaorl SRR poR ARE BI040 ar e

fornmed i n wacitlabfortdrthaneingscodling effeoiomess ovBBtileadriting |t tHged® My be

stripped or renoved fromthe lands 42 |0 3 May 2004 in any conventi onal
manner, such aSTHé chem cal , stri ppi for exanple. The striations defined

by the alternati 9{]?‘8@\?&"%@8‘1?5é‘ﬁ%lgg‘ﬂ?%aa%gﬁ'%lycﬂ}@nﬁﬁéb%aiqomm@’ﬁ med in
| ati vel " ) ¥ Ve rmed 1n
br ect s ang Ohay nAMroAAE s Rt HERRR ' Srighilicagy Bl BRth ™ 11 on

nci ng coo
tripping. hle bapehnomindlaliametari Buad nepaswed adGhastybblarriehdd,i sed thehal | ow

rai 11 ng. oORIECuN I b AT GPantas wf s heleben ednberFr sttt

undesi r abl golkli®vupSishtiAlRt draBid i ISenmoR ' ain
their nom n%l 'smal I diiaﬁr,teég er S_r%ﬁﬁ‘ﬁeé“%@?ieﬁl ﬂJg\%gWgeen %%ggfltr#]eggﬁetézflin what

are consi d¥jtein the aailpbler epacsdpeavitiaskisnthicathin avetlodh etwsemfthe ipeesaues ent

I nventi on, . I f ] i of. the i nvention shall be apparent to those
skilled i naﬁﬁggé} g?%%ngghg(?ﬁ%g@ﬂ'mgeggﬁerei n, and it is, therefore, desired
to be secured in the appended clains all such nodifications as fall within

the true spiritEachoféwpndt 42his preierablycabuide eathdparalisl opeatte ickedapi red to
be secured by Letters Patent of the United States is the invention as

defined anB"¢f AR ARk eMarth Rurtper.| barh gl thegteavendis alowseferatiyn i |
tubular with parallel opposite circular ends and a relatively smooth surface. In
this configuration, each of the grooves 40 is circumferentially continuous axially
between adjoining lands 42 without spiraling. In an altemate embodiment (not
shown) both the grooves 40 and lands 42 may spiral around the longitudinal
axis of the striated hole if desired.

The purpose of the grooves 40 is to introduce local interruptions in the
flow of coolant 20 for enhancing heat transfer thereof. Since the nominal
diameter B of the striated holes is relatively small, any obstruction to the free
flow of the coolant must be avoided. In a typical trailing edge application, the
nominal diameter B of the striated holes may be as little as about 8 mils (0.20 |
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3 May 2004 CLAIMS: 1. A turbine wall having a striated di scharge hole
extendi ng therethrough with alternating grooves and | ands QfMﬁVQﬁ@@“tial!y
equal length. 2. A turbine wall having a striated discharge hof e conprising
al ternating annul ar grooves and tubular lands. 3. A wall according to claim
1 or 2, wherein said grooves undercut the adjoining | ands at correspondi ng

cusps. 4. rﬁngal,, aGa fndeh A®fabau®Bde milser.63nnherei n sai d grooves and
| ands are co klgl?ly al i g%ed, with a coll egtivemllygngth greater than a

di aneter of said hole. 5. A wall according to any one of clainms 1 to 4,
wherein sai d grAwspsdinglye baxibdnodyiciagotigageoves 40 vial theaeiberdisagsmootiny one

| ai . i ] id. is circynf tiall
cont | nuoud BB TG, AE T PG Blay B ML NE enfasits” I ShFB ¢ e
precedi ng gictitBnessteriol. s SldmpihgdemBbeinidtt! theringRIdval §RSVBS 40 et

di sposed inside said wall and an outlet di é?osed gutsi de sard wall. 8. A
net hod of afaladally sienpaied rnddeyed Remingl exial lengtte Grighickirnay be @quiahty a pl ai n

hole th ' .. 8l Leal 1y I | at jin i | ai n_hol e at

ocat ! ons S B diicrer B e hER | BNy e Bad el A SuPfleneli 0. o

pl ai n hol ewkith Ineabé @ysacer sisaRand idpthiG bf aaofre8pORYAG grddve and also
equal to the hole diameter B.

The individual grooves 40 are preferably tubular over their axial extent
and have a suitably larger diameter than the nominal diameter B of the holes by
being recessed in radius by a depth E as measured from the perimeter of the
land 42. The groove depth E may be about one quarter the nominal diameter B
of the hole, with the corresponding diameter of the annular groove 40 being
about- 50% greater than the nominal hole diameter B in the exemplary
embodiment.

In the preferred embodiment illustrated in Figure 2, the grooves 40
undercut adjoining ones of the lands 42 at corresponding cusps 44 which
define the interfaces therebetween. The cusp 44 is relatively sharp with at
preferably acute included angle measured along the axis of the hole. [n this
way, as the coolant 20 flows through the individual striated holes, it locally
expands in each annular groove 40 and is interrupted by the cusp 44 as it
converges through the narrower annular land 42. This expansion and
contraction of the coolant is repeated from groove to groove along the length of
each striated hole, with turbulence being promoted at each land.

The striated holes 38 are particuladly effective for increasing heat
transfer for relatively long and slender holes having length-to-diameter ratios
substantially greater than 1.0, and up to about 50 for example. The striated
holes may therefore be used at any location in a turbine blade or vane for
enhancing heat transfer. Simitarly, the striated holes may be used in any other
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3 May 2004 9. A nethod according to claim8, wherein said hole insulating
step conprises: coating said plain hole with an electrical Inyng%bgtl ng
coating; and stripping said coating at said groove | ocations rretaining
said electrically insulated land |ocations. 10. A nethod according to claim
9, wherein said coating is stripped at said groove |ocations by scratching
sai d coat i APRREPEWONEHT wWhptale enbRhcediteslirg istdesiretie| Ror.exhinpld) torsihed

. i i ei i d hi ises: rotating

Pl oxi bl o b slRrddna HiEEB, b SRloE o7eS, dineebrietibve and e el o a i p
of said Widscﬁaléd.oﬂh@_éﬁr@u@én’ﬁé}jﬂcwdi@ecdoqﬁprg' ﬁ@ﬁa@p%éeéﬁ%pgwmf id
coating under centrifugal force. 12. A nethod accordifng to claim 171,

further comgyibsisigatadiiaprgordannes ithithg psesent wveatiomsi de sai d hol e as said
wire rotates for scratching said coating along an axial extent of said

i i f clai to 12,
aherein said holuetsd RECUEIcAAERLFldlSes & 48 dtieehed nhinaina ai o
groove | ocaitfoibnB4, détottfermehbing 86@PEALRY foP iACHIPRAINGT tHeh&urkhéd My to 13,

further conprising eroding said groove [ocationS to Under cut adj ol'ni ng
| ands to fBEMRIR N racsesdanaegwWithsys axesimaly. embodimentt hdte aaidfoil dirngthep any

ands. af t aroraRine o St h R sBRIRA 1 ahY s3hteraPaifrer i pteiag:

cast to shape with the internal channels formed therein.

As shown in Figure 3, the individual discharge holes may be suitably
formed in the wall 36 in an initial -or first manufacturing step in the form of plain
or cylindrical holes 38c. The initial plain hole 38c may be formed in any
conventional manner such as by drilling, electrical discharge machining, or
electrochemical machining in the preferred form of Electro-stream (TM) process

as commercially available from the General Electric Company, Cincinnati, Ohio.

In the next step, each of the holes 38c is electrically insulated at
locations corresponding with the desired lands 42, with the locations of the

desired grooves 40 being electrically uninsulated.

In this way, the plain holes 38¢ may be electrically eroded selectively at
the groove locations for forming those grooves 40 without eroding or damaging
the portions of the plain holes defining the lands 42.

In a preferred embodiment, the individual plain holes 38¢ are electrically
insulated by coating the entire inner surface of each hole with a suitable
electrically insulating coating 46, such as ordinary vamish for example. The
vamish coating may then be selectively stripped at the groove locations for
permitting electrical erosion thereof, while retaining the electrical insulation at
the land locations.

Since the insulating coating 46 is relatively thin, it may be readily
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ressure and suction sides including a wall extending longitudinally from
Irooot to tip and chordally between |eading and trailing edgeﬁswagagogﬁ 3
May 2004 a tubul ar di scharge hol e extending through said wa n _
term nating outside said airfoil, the tubular discharge hole being striated
with radially recéssed grooves therein. 17. An airfoil according to claim
16, furt hestipReav@ngt e graee Aetationsnbielscraichiogatheeoating thereband

: ' ' ' inlet joined with said
channel | 258 et e Bahr SBbEr 8 i< fhykPeBins Sardchitognay sai d

ool ant. lige eflectadtyaotatimgeofidikible wiee aBasmhLas @bpddr of Ay BEifai@MMthSi N9
?ow of said striated hol eg spaced | ongitudinally apart b%t ween salg r oot

and tip alf9hysiagils trrtgisciaieh awgy thasaaling whaee déajredner eat . 19. An airfoil

according to claim 16, 17 or 18, wherein said st rica_t Ied hol ez_ COIT{JI‘i Slea' .

| t ting an I i I lL.rfail. according.to clai
To. 17 18%0r 10\ wRenaG uRae B BRrelh, ekl Shoigh R Hbretiecor
coaxi al | y frblegtienl tutzen80 swith thip tubvectseing despostd atkidd e dlalrBhRgls Rc. The
corr espondi, cu Bs 2 A ,turgi ne ngﬂ | whose manufacture includes the
net hod of dﬁr}\%%ﬁfi biP Bﬁgﬁerﬁé'r%"‘ &xien S@twﬂfqlﬂffﬁﬂh@leadistﬁb?ndognpfffhmg_ a
‘ bi i f LB, 7 . A turbine
engi ne. conaEs oenar et So@ih U8 w2t ritighP el e Bhis i wieutH any one
of cl ai ms fadially cpwarsly &2 scratch and remove the coating from the inside of the

tiole. The proximal end of the sératching wire 48 may be rotated using any

- suitable motor, such as by being mounted in a conventional drilf press.

The protection tube 50 is preferably held stationary and adjusted in
position over the length of the hole as desired. The scratching wire 48 is
preferably axially translated, and oscillated if desired, within the protection tube
50 and inside the hole 38¢ as the wire rotates for scratching the coating along

the axial extent of the groove location to expose the underlying metal substrate.

The wire and tube are repositioned within each of the plain holes to
correspondingly selectively strip the insulating coating from the inside of the

holes corresponding with the several locations where the grooves 40 are to be
formed.

Although the insulating coating 46 is preferably applied over the entire
inner surface of the individual holes and selectively removed in the preferred
embodiment, the coating may be selectively applied only to the desired land
locations in altemnate embodiments as practical.

Figure 4 fllustrates the cofresponding hotes from Figure 3 in which the
coating 46 has been selectively stripped at the intended groove {ocations in the
left hole. The groove locations are thusly unprotected whereas the land
locations retain their coatings 46 and are protected. The holes may then.be



14 3 May 2004 STRI ATED COOLI NG HOLE ABSTRACT OF THE DI SCLOSURE A turbi ne

airfoil (14) includes pressure and suction sides (22, 24) e@ﬁggba@ .
longi tudinally fromroot (26) to tip (28), and chordally between Teading
and trailing edges (30,32). A striated discharge hole (38) ternminates
outside the airfoil for discharging coolant thereform Figure 1 15

. AX\ LA A Aselctiplyraipdedl at.tAR | dSitioAs . obBespundindwith M gicdved fdr forming
hmx! ' 2TTT| ? _ _ -
| wnxrmcw] ctbf’ﬁ%] gV EPca) ¥h) by Puplesiesh) arapedimet c pstated) dm) Ciguea] da] ca] ca]

. ., . | .
%?%?Z;tﬂ#fg/@%&&f@A E*'gfiq @Qgﬁﬁi@f@%%@ﬁ 159 o gf Elgetrorsitear ie £458di'es] ca cal
ca] ca] ca] catpdapdhd cabstedteaneta) twatberalthakoabspdriting ahaabeglooabsabca! 2/ . 1, 3444
46&788: =; -

<<<=N?AABJ €] KLLL|] wr mhc”Y] ca] ca] ca] ca] ca] ¢ca] caV] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] 65 E%]‘:E@I%fé%]pé%qegé] IEHo8Ae Eﬂ&]% ila |FcféQfBé.l‘E RRSS@FT
g@\%)z(z Z[ s t\n{z\c];?r\?/rp%%"a\?] i:”a wcagl %eﬁbgg cfgf cdan]l hgg] ga ga ngafiggfj 85]hg9*e§1 !pa] ca] gal
ca] ca] ca] cudrepleces.c ajicta]asaisehaagec hptes] %rall.@rb]riea]atrﬁdﬂ};g] ;I'h]s} bbf]mr?%agafa] -
) bXb} bhc- wddd}l xsni.d Z]]calca]c al ca] cal ca] ca] ca] ca] ca
%CZ]G;Z] caiq{gjg%%]r &‘%ﬁjﬂ '@Q?ﬁ'gﬁdﬁ]ﬂaé’ }’@% ‘Eﬁ]"t‘fg} @‘ﬂﬁ!’&%’%‘&t] 'Bﬁ?’ﬂg‘d@f%rﬂfﬂ] f ]69t ]gg)
hhhhhhi i | ahersarmsteglitRbiEs 3BL5e] SabarkRAd BaIRARS 3F6RlkeFal ca] cal ca] cal ca
el e O e el et ELoiea DTy
(- _' ) A conventional eleotroc_%emical machining apparatus 52 configured for
Electro-stream operation is used in the preferred embodiment illustrated in
Figure 4. A hollow glass tube 54 is positioned inside the insulated plain hole
38c, and a thin electrode wire 56 is inserted in the tube. A suitable acid
electrolyte flows through the tube 54, and the electrode wire 56 is powered with

a relatively high voitage.

The electrolyte aftacks and erodes the inner surface of the hole at the
exposed, uninsulated groove locations, while the insulated land locations are
protected. In this way, the individual grooves 40 may be electrochemically
formed using otherwise conventional equipment. The tube 54 and wire 56 are
indexed along the length of the hole for forming each of the desired grooves 40
in tumn,

A particular advantage of using electrochemical machining is that
erosion of the groove locations additionally undercuts the adjoining fands 42 to
form the corresponding cusps 44 thereat. As indicated above, the sharp cusps
44 are preferred for enhancing the tripping effect thereof as opposed to a mere
rounded comer in altemate embodiments.

Once all of the grooves 40 are formed in each of the holes, the
remaining insulating coating 46 may be stripped or removed from the lands 42
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The striations defined by the alternating grooves and lands disclosed
above are readily formed in relatively small and slender holes with remarkable
accuracy and definition. Precise and sharp cusps are readily effected for
enhancing coolant tripping. The depth of the individual grooves 40 may be
relatively shallow without compromising the mechanical strength of the airfoil
along its thin trailing edge. And, enhanced cooling is effected without
introducing undesirable flow obstruction in the narrow discharge holes which

retain their nominal small diameters.

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

invention.

Accordingly, what is desired to be secured by Letters Patent of the
United States is the invention as defined and differentiated in the following

claims in which we claim:
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#810%&' ()-G 3 10%& ()- 3s10%& ()-T|? }~<j_@ 'Pc( 10%& ()-FPYA0%& ()-! P!
109%& ()-P) 10% ()-!P 10%& ()-P 109%& ()- Jrg\=! 1"y10%r& ()- 3Gs40004
10F: s109%& ()-! P4 109%& ()- cP1F109& ()-!l<. 109%& ()- P }~<g\=! !

10% r*r& ()-310%r& ()-1#10%r& ()-1 10%r& ()-F'1& $10%i & ()- 10
10% 1 & () - CP GLARAS: #####) ASHE! | 10*r 10*r 10*rc: 10%ré& ()-1)1

1008 r*r& ()- 10%r& ()-1'$ 109 r*r& ()-: P 10%r& () - ##LSYSSURIESH=! |
10*3' #10%4&! () 3 #1008 ()-°  109%&' ()-310%&' ()-3i 10%& ()-

"y10%& () - &' A EY tur@% we]ﬂ%é\ﬁ 8%& tf'l)eut dC 3‘ s%harge(Role extending therethrough

with alternating grooves and lands of substantially equal length.

2. A turbine wall having a striated discharge hole comprising alternating
annular grooves and tubufar lands.

3. A wall according to claim 1 or 2, wherein said grooves undercut the
adjoining lands at corresponding cusps.

4, A wall according to claim 1, 2 or 3, wherein said grooves and lands
are coaxially aligned, with a collective length greater than a diameter of said
hole.

5. A wall according to any one of claims 1 to 4, wherein said grooves
are axially elongate. |

6. A wall according to any one of claims 1 to 5, wherein said each of

said grooves is circumferentially continuous between adjoining lands.

7. A wall according to any one of the preceding claims, wherein said
striated hole further comprises an inlet disposed inside said wall and an
outlet disposed outside said wall.

8. A method of making said wall according to claim 2 comprising:

forming a plain hole through said wall;

electrically insulating said plain hole at locations corresponding with said
lands; and |

electrically eroding said plain hole at locations corresponding with said

grooves.
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101 c: 10%& ()-1P)1 109 ()- P. 109

10%&' ()-! P& COUMEISEs:- F! PLI 10%&' () G3 10%& ()-!3 10%& ()- DDDDDDEG‘I =l
10922& ()-'h 109 7 é/ 1092 )
10f) : 109%& ()-f| @éﬁeﬁ g%égloogf%% %Is(%g‘ ?n eféét?ncal%/ 1nsulatmg coating; and
stripping said coating at said groove locations for retaining said
electrically insulated land locations.

10. A method according to claim 9, wherein said coating is stripped at
said groove locations by scratching said coating thereat to expose wali
material therebelow.

1. A method according to claim 10, wherein said scratching comprises:
rotating a flexible wire inside a tube disposed inside said hole; and
extending a tip of said wire from a tip of said tube to

circumferentially scratch said coating under centrifugal force.

12. A method according to claim 11, further comprising axially translating
said wire inside said hole as said wire rotates for scratching said coating
along an axial extent of said groove location.

13. A method according to any one of claims 8 to 12, wherein said hole
eroding step comprises electrochemical machining said groove locations.

14. A method according to any one of the claims 8 to 13, further
comprising eroding said groove locations to undercut adjoining lands
to form corresponding cusps thereat.

15. A method according to any one of claims 9 to 14, further

comprising stripping said coating from said lands after said grooves are formed.

16. A turbine airfoil comprising:
pressure and suction sides includihg a wall extending longitudinally
from root to tip and chordally between leading and trailing edges; and
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xnbCl $10% & ()- an lnternaf channei for channeling a coolan therethrough; and

said striated hole includes an inlet joined with said channel, and an
outlet disposed outside said airfoil for discharging said coolant.

18.  An airfoil according to claim 16 or 17, further comprising a row of
said striated holes spaced longitudinally apart between said root and tip
along said trailing edge, and terminating thereat.

19.  An airfoil according to claim 18, 17 or 18, wherein said striated
holes comprise alternating annular grooves and lands.

20.  An airfoil according to claim 16, 17, 18 or 19, wherein:
said grooves and lands of each hole are coaxially aligned; and

said grooves undercut adjoining lands at corresponding cusps.

21. A turbine wall whose manufacture includes the method of any
one of claims 8 to 15.

22.  Aturbine airfoil comprising a turbine wall according to any one of claims 1 fo
7 and 21.

23.  Aturbine engine comprising a plurality of turbine airfoils each according fo
any one of claims 16 to 20 and 22.
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#EU&K' () *+, - . / OAZAAHKT aRfail (14) mcludes pressure and Isuctlon sides (22,24) extending

>’>@\BCDEFG|—|I I\/NﬁP S N " abcdef ghi
Iongltuélnal Yy %m root (26) to tip (28), and %hojrdally between leading and trailing
edges (30,32). A striated discharge hole (38) terminates outside the airfoil for
discharging coolant thereform.

- Figure 1
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