-1 Airfoil wth Large Fillet and Mcro-GCrcuit Cooling Background of the
I nvention [0001] This invention relates generally to turbine blades, and
nore particularly, to turbine blades with a large fillet and associ at ed
cooling features. [0002] Present turbine blade design configurations

include little or no ,leadi edge .fil | .at the trapsition between the
bl ade and the associ af‘érg‘"gvgﬁF‘BF%\EFJI‘K?"?H\?'&E‘UFEC%g?@ﬁ% gas path vortices
are developed in this region so as to cause hot gases to be trapped in

certain are f th irfoil, thereby resulting in severe distress to those
regi ons. [O%Fgmés\ﬂgwetlﬂv%ﬂqoévi ate the problemis to introduce |arge

fillets thatjoodiave a FhiRsivantidniklafeddédefally S turtiiRdbladdianddsor®at h vortices are
substantially elimnated. A large rillet on the other hand, will tend to

add netal arf@rticHiBrl¥s g fubitabladesyvithplargs fllgeand apropiated colingdeaiwes.n t her mal nass
in afluid gpgp)voul dPE@éﬁ@uHﬁH@Bl'aéi@deQifgflmt@&?f?u{alﬁiantiﬁElH&e mgesﬁrﬁ“ fugal |oading

and thermal 'stress fatigue and creep. erefore esirable to not only

subst ant i al |lsadingedeaBHets atahe franisision betwieersthp bladairslohe wssocddetplatférer. nmass t hat
is associated W.ih I er fillet, a o _al so. provi de proper, cooling for
this area anamerdt S BhESatrasrRes et OoipeRr R b SREERT Wi th one
aspect of t hgasesm/entrdpped intdegaih hteakofabsSairfoill, thdrebyrresudtingvi keveteadigres§ i | | et i1 s
mnimzed tQ reduce its nmass while a dedicated radial passage is introduced
to pass cool® W& °BYer the back side of the fillet and | eading edge

bef ore vent ijg@3] hr ougbné@waeio Asviete the JrobléiRlisas inttdd@&Shrgt fillag €t dance wi th
anot her aspect of the invention, the dedjcated radial ri)lass,age i_.ntroduces
a

the flow of e Shetanfial radys suchthatithegan gath yprticerearg,spbaransially klminated) et area and
flow upwar dlaylafpéailleforS@E bfher Rind GOl térdado b&ShbE PRdIe RIS I dpher i cal
di mpl es, before exiting from|eading edge film hol es. )

blade. Such an increase in thermal mass in a fluid area would have negative effects

in terms of centrifugal loading and thermal stress fatigue and creep. It is therefore

desirable to not only substantially increase the fillet radius but also to reduce the

mass that is associated with a larger fillet, and to also provide proper cooling for

this area.

Summary of the Invention

[0004] Briefly, in accordance with one aspect of the invention, the thickness
of the relatively large fillet is minimized to reduce its mass while a dedicated radial
passage is introduced to pass cooling air over the back side of the fillet and leading
edge before venting through a series of film holes.

[0005] In accordance with another aspect of the invention, the dedicated
radial passage introduces the flow of coolant air so as to impinge at the base of the
fillet area and flow upwardly over a series of cooling features such as hemispherical
dimples, before exiting from leading edge film holes.

[0006] In accordance with another aspect of the invention, the ceramic core
which ties the supply and leading edges cores and when removed forms

impingement cooling passages between the internal cavities of the blade, are



[ 0006] In accordance wth another aspect of the invention, the ceramc core
which ties the supply and | eadi ng edges cores and when renoved forns

i mpi ngenment cool i ng passages between the internal cavities of the blade, are
-2 replaced with a refractory netal core which involves a very small core

hei ght with ch as t ¢an b aseredg{On. the core to

f.eat,ur.es s dest al s .t hat e
oo o honrepF i RSB hob 66 WhICh iibes § IpmSEiali BRE R et "o P

i nvention, tfeaues agkaopeiestalh laecanlbetasered it the corategnhance haatittansfer. i s nodi f i ed
froma ci rcgb@'ﬂshape to a,race-trac t arget wal

sha or bette I
coverage. | o SRS NieRo sratar AT sh e PR on, t he
pl acenment ofholds betwleerttie irerfgl@avitiédis RYaifed frofr0sSuldy hapd ol aaaceatia kof f - set from
the md plan toward the pressure side of the blade. [0009) By yet another
aspect of tﬁgaﬂerﬂ)’ﬁﬁf”o‘ﬁ’,ge‘t gl co¥erageys are included in the inpingement feed

cavity, and [pdu8)i NPi NGEREGRHarkE QHH 2RANRSr afRLEST tRY BvenfibAlRIplacriat antial Iy
bet ween adjacent trip strips so as to avoid interference between the

struct ures. thelgading ¢dge yopinganenteossravar kalestaneefT-ses fogt themid pland nventi on, the

entrance to,.f 3?% d assage is bell-nmouthed in shape in order
t o enhance tt%e?nﬁltﬂc? ('S:lﬁgrsﬁctggtrhlgggflgs of the cooling air. [0011) In

accor dance \Wa09] anot hBy yetsipetbtr aspect dfehé invention,arip stripeare aitilwded gathe bet ween t he
| eadi ng edge showerktlgaa hol es e}gd. the fillet sho geheaﬂ QI%I es is reduced to
enhance t he "EBBETRY &P S200 Hd RO mPINESETH) cTass OV Ioles 8eHa® ™ s pect of t he
i nvention, tlistatisioy eheeehadatenh lpstipise as foapbid dttekfarerich béwvewmehd- di f f used
shaped holes tg increase the filmcooling coverage and reduce the potenti al

for plugged SHEMWES-wi t h adverse inpacts on local netal tenperatures. [0013)
By yet anot hgy10pspect in@tcdriticd WHE BidtRA asgebof iR AvdARbE ShednBafiRter ed SO

the leading edge fed passage is bell-mouthed in shape in order to enhance the flow
characteristics of the cooling air.

[0011] In accordance with another aspect of the invention, the radial gap
between the leading edge showerhead holes and the fillet showerhead holes is
reduced to enhance the cooling effect thereof.

[0012]) By yet another aspect of the invention, the discrete laser holes are
replaced with forward-diffused shaped holes to increase the film cooling coverage
and reduce the potential for plugged holes with adverse impacts on local metal
temperatures.

[0013} By yet another aspect of the invention, the feed holes are metered so
as to provide for desirable flow control.

[0014] By yet another aspect of the invention, a trench is provided on the
inner surface of the leading edge so as to take better advantage of the cooler portion
of the air stream.

[0015] By another aspect of the invention, micro-circuit internal features are
used to uniformly distribute and reduce cooling flow, and micro-circuit pedestals
are used to serve as conduction paths and flow turbulence promoters while offering

structural integrity to the micro-circuit inside the large fillet.



as to provide for desirable flow control. [0014) By yet another aspect of
the invention, a trench is provided on the inner surface of the |eading
edge so as to take better advantage of3the cooler portion of the air

stream [0015) By anot her aspect of the invention mcro-circuit internal

features ar ed to or m strl ut,e uce c flow, and
m cro- ci rcuﬁ?(’lgidesta"stge g"lﬁgé ?8“%‘@ féscﬂ cBrﬁ C‘&f’%cﬁﬁkg{a s and fl ow
turbul ence pRmMbEIIRAE aW‘debﬁteﬁf ]ﬁ(ﬁﬁdv&gvar&iuﬁ um&madhﬁmbﬁgiddtaytemtet he
mcro-circuit inside t %%qe f||| &? In the drawi ngs as
her ei naf t er a%@%?ww@am’ ?%ﬁngﬁ OQFF@FH i SREH AR $60RE qepi ct ed:;
however, vakffHdsnvehti®f, nodi fications and alternate constructions can be
made thereto wit hout departing fromthe true spirit and scope of the
invention. Brief Description of the Drawings [00171 FIGS. | A and 113 are
schematic il fl ow nodels for turbine blades in
accordance vl\i,irt Eyeﬁgi gfglﬁg?thae\r/l?lrak‘? 181 FIG 2 is a top view of a turbine
bl ade showi 1P17he st rid&idl i Aesd 1Blamichgnatiodiustiatomsdf vorteadlovrndedetse wi th t he
prior art E of gas tenperature reductions
bet ween Iafhgg"ralr?ﬁbiag’e 'ﬁ"af;csqr‘l?w? %ﬁﬁ’ﬁ% H%F%SZOI FI G 313 shows conpari sons of
adi abati c w0018} enperHGUR é&sa fopvitwest a thidingdlada ehasiing the bir¢dndinedl ades. 100211
FIGS. 4A ang 413 ﬁ cut Vi ews. o%%a.lar e fillet blade in accordance
with the prEQ¥HE! %?Fé?ﬂqdd?\ac%ﬁj@?lmﬂ PNYRTand 513 are illustrations of an
al ternate efgueag) rrent FIGN8A €Rdws cbfpadasonkbGhas ténfpepdttte Gfdcidnobetneai ur es of the
cross-over hol es

arge and small fillet blades.

[0020] FIG. 3B shows comparisons of adiabatic wall temperatures between

large and small fillet blades.

[0021] FIGS. 4A and 4B are cut away views of a large fillet blade in
accordance with the present invention.

[{0022] FIGS. 5A and 5B are illustrations of an alternate embodiment
thereof.

[0023] FIGS. 6A and 6B show features of the cross-over holes in

accordance with the present invention.

[0024] FIG. 7 shows the placement and use of dimples in accordance with
an embodiment of the present invention.

[0025] FIGS. 8A and 8B are illustrations of another alternative embodiment
of a large fillet blade in accordance with the present invention.

[0026] FIGS. 9A-9C show the use of micro-circuit cores in the blade
leading edge fillet area in accordance with the present invention.

[0027] FIG. 10 shows the location of the cross-over holes in accordance
with an embodiment of the present invention.

[0028] FIGS. 11A and 11B show another embodiment of the cross-over
hole location in accordance with the present invention.

[0029] FIG. 12 shows the entrance at the bottom of the leading edge feed

passage in accordance with one embodiment of the invention.



accordance with the present invention. 100241 FIG 7 shows the placenent and
use of dinples in accordance with an enbodi nent of the present invention.

[ 00251 FIGS. 8A and 813 are il lustratf®ns of another alternative enbodi nent
of a large fillet blade in accordance with the present invention. [00261

FIGS. 9A-9C ghsyy the ygs lgfshﬁg{hﬁgﬁ%fo%ﬂi bGREESthl Qa&ingi%%?wﬁn%%di ng edge

fillet area i n accordance w resent invention. 10 shows

t he | ocat i onhadds ané thedillstshoweeheadhyilessn agrortaucer witinare embiotlimeatofahdodi ment  of
the present jpnvention. [00281 FIGS. 11 A and 1113 show anot her enbodi nent of
t he cross-over ol e location in accordance with the present invention.
100291 FI G [0031dhows FH3S.dAAr-ahte slow the stmptd botesodndtan associadd rgnabidge f eed
passage in agcord nce V\{%'th olwg.ggmgoﬂg ment ?f the invention. -4 [0030] FIG
13 shows t he" AEPEPREHYEIT A1 HRRRuBAt PRbe PESE Iy ™IP%e shower head hol es and t he
fillet showgodsd2ad hol BEG.i15 shewihel ascd nwtdring BoRs ethottedefot igh t he invention.
[ 00311 FIGS. 14A - 14D show the shaped hol es and an associated trench in
accor dance Vi°E¥°lan enbodi ment of the present invention. [00321 FIG 15 shows
the use of metering holes at the feeds for flow control. Description of the
Preferred Enbodi nent [0033] Referring nowto Figs. A and IB, there is shown
an artists DReseriptian ofithoPreferyed Embodimentt ure that results fromthe flow of

hot. gases oyt L Ur RGBSR NGO kR sfan it the DI ade

portion int ng wt h formsecdtion at substantially an
ort hogonal &nugeplion ¢darvertex struchiré thatregdte firomt thaflow loébetigases oferlaani nar

separation tt@rgltne gy Bgvingsr?ocﬁ)ﬁeq ?irey wfitL A b\fé)d’etpioﬁ%lsl ir?tcl;.r%ecftigé W?tg e C h
platform section at substantiaily an orthogonal angle). Here, it will be seen, that
because of laminar separation that occurs, secondary flow vortices are formed such
that hot gases can be trapped on the suction side of the airfoils as shown and these
can then result in severe distress in these regions.

[0034] In Fig. 2, there is shown a computational fluid dynamics simulation
of the streamlines of gases passing around an airfoil having little or no fillet as
discussed hereinabove. Here again, there is evidence of secondary flow vortices
that tend to affect the thermal load to the airfoil.

[0035] In an effort to address the problems discussed hereinabove, the
airfoil was modified to include a leading edge fillet with a substantial radius. For
example, present blade design configurations use leading edge fillets to the blade
platforms with a radius, or offset, in the range of 0.080 inches or less. In
accordance with the present design of increased fillet size, a fillet is provided
having a radius that may be as high as a quarter of the size of the entire radial span
or about 3/8 inches or higher. This modification has been found to improve the
flow characteristics of the airfoil and to thereby substantially reduce the
temperatures in the fillet region. For example, in Fig. 3A, there is shown a color
code indication of temperatures in three gradations, A, B and C for both an airfoil
with no fillet (at the bottom) and one with a large fillet (at the top). In each of

these, the cooler range of temperatures is shown by the darker colors A at the



that hot gases can be trapped on the suction side of the airfoils as shown
and these can then result in severe distress in these regions. 100341 In
Fig. 2, there is shown a conputational5fluid dynamics sinmulation of the
streanl i nes of gases passing around an airfoil having little or no fillet as

di scussed herei naboye. Here again, there is evide of . secondary fl ow
vortices tg’g&or{'gﬁ‘gt\ﬁ 8°t§?fteemc‘feg$ﬁr5 r?wgsr??ﬁthwdlae'ﬁ @%Hgﬁﬁg PR §iapgle[%035] In an
effort to adgr esswillive rgpoghizedythedias eupeadirésctatingbay the hddifiedadinféidi | was

nodi fied to,includ Leadi ng edge fillet wth a sybstantial radius. For
exampl e, pr élseeﬁ't'tgﬁle@%g hase%f"&gtaﬁtbaglﬁ" i FLPPEIRY ’%@Ec?‘ggcﬁoﬂ‘b}\éﬁad‘et{‘?i llets to the
bl ade pl at fapfoilBwitouttha fiedThs, is the réxhift €ihe fillet thiding RREFprods tke B0 | nches or

l ess. In accgrdance with the present design of increased fillet size, a
fillet is pM@livaBHeS-having a radius that may be as high as a quarter of the

size of theqakjre raslindhrpRRRig. 98, AR h3fBs SRFREScRpafib@higr . Thi's

modi fication has been found to I nprove the flow characteristics of the

ai rfoi | andadiabatiaevalligmpanatunes betvaén an aidejlpayingine filleg (asehawnatdhe Ieh) t he fil | et
region. For g mgg,l- hi [ e S gw o) j.ndi cation of
terrperatureg a|(n t l?heteé g}lgégstﬁhgﬁgfiﬁtghgh%n{?%g orsél:t)%:t a%ﬁpgﬁﬁﬁgl with no
fillet (at frdécabot ¢efowplentechpenirevange and the hghtdripbiten K iatindidadvé afi) . | n each of

t hese, the copler range of t er at s is,.,shown,by the.,darker colors A at
Hhe s bact SRRutmbaes sbles ATBRLAN B wded tRbE Rladeti L o0l Ton o
colors C at teniperanireyof tisaitfbil havingg 4 filad grei substantiaeregacedifimpmhost dfties f | ow ng

over the nodj L d.airfé)hl (i.e. wth a fillet) has a substantially greater
portion in PROUIBHPERC Y0fe A than the airfoil without the fillet. This is

the result glsyhe filAdigloubiediubdoftigSUNRERSEcckITRIEMdresyBlihe proBléhces. [ 0036]
Simlarly, 1n Fig. 38, wherein there is shown a conparison of _adiabatic

wal |t enper 8k he ssorteniBen vertices asdir ssehiareipabaye. the yse of ugh laggroliietat the left)
and one Wi t bt S ifikddubl oth&SprstIMEasBecidtlewiih SR laksigd ShdSRE Br £PAR0il.t e darker

portion Dis
Generally, it will be understood that the introduction of a larger fillet will also

increase the amount of metal that is in the airfoil. This substantial increase in the
mass in the area of the fillet could have a negative effect in terms of centrifugal
loading and thermal stress, fatigue and creep. The present invention therefore
addresses this problem by reducing the mass of the larger fillet blade and providing
for various cooling features that have been found effective in cooling the large fillet
leading edges.

[0038] Referring now to Figs. 4A and 4B, wherein a turbine blade 11 is
shown in a front view and a side view, respectively, the turbine blade 11 has a fir
tree 12 for attaching the blade 11 to a rotating member such as a disk, an airfoil
portion 13 and a platform 14 having a leading edge 15 and a trailing edge 20 that
define a plane x-x. The airfoil portion 13 has a pressure side (i.e. concave side) and
a suction side (i.e. convex side), a leading edge 16 that defines a plane Y;-Y) that is
substantially orthogonal to plane x-x and a trailing edge 17. At the point where the
leading edge 16 transitions into and is attached to a platform 14, there is a relatively
large-radius fillet 18 that extends from a point 25 on the platform 14 to a point 30
on the leading edge 16 as shown. The distance D defines the offset between the



I ndi cati on of cooler tenperature range and the lighter portion E is

I ndicative of a higher tenperature range. Again, it wll be seen that the
adi abatic wall tenperatures of the aigfoil having a fillet are
substantially reduced fromthose of the airfoil having no fillet. (0037J
Al t hough the use of larger fillets successfully addresses the problem of

t he secondaPanf Yow 8¢ & PRE% Yad2 that ispacdle taelaas Nayoved Pasees treestbf such | arge

fillets caraoﬁ,tﬁp A'f'i‘lléﬂﬂié(FeF Q)Etaﬁﬁng%&bée%%m@ssﬁ%ﬂ@b%ﬂdWnrnhlgtahﬂledeS' gn and
use of an airfoil. Generall wi || be understood that the introduction

of a | arger aprgle pEq defjnes tha%@“ qul?rfélfééstlﬁécmﬁ? with thegregentt hat is in the
ai rfoil . ThihoRhhakiealiel NPRGBRRdYY thlrarBSS D AdbhAuAREATRE ot e 111 et

coul d have a negative ‘ef of centrifugal [oading and thernal
stress, fat |bgluenethdra®geeﬁﬂ08ﬂ’ié0@|8é§’ d thenfilieh enghnd béing withe mngaefdr esses this

br obl em by ndichacy kG Hss s b i oUEkahld hebroBleAUSr aRd, gy oI ding for

vari ous coollng een foun I've In cooling the |arge
fillet | eadomgeseﬂgssusséd]ﬁsatabﬁeé erring now to Figs. 4A and 413, wherein a

turbine bla hovvnlna ront view nda Vi e ectively,
Lhe t o bt naR8he' 1 A0S Cameichal fditsq Brevortited i At veiaf 5 t o h
rotating ”Eméﬂéadﬁigc&ig@-ﬁal&a tHa8ilkg edge cality 1, bnd pR4llel @thdt3ds Apsblant pl at f orm 14

having a | eadi ng edge 15 and a tralllng, ed e 20 that deflne a pl ane Xx-X.
The airfoil SPGBV 48 Hgcoglaphswprlycavi |2dés Ryppled wighe spEceigeylingnd  a

suction i deifat SowiNRkeR IR Bab A NONEABRsA LA mESt iaem 2 pl ane

Y1-Y] that is substantially ortho pl ane x-x and a trailing edge 17.
At the poi nfhesnrelast supply caeiti? nig flatddecongeatedein dhet [easting ddge eavalid 9iby 2at t ached to

¢ Bl oL My b L s 5, St Wi g ot e ende
shown. The plhssdgan2rarbfatekd dmsTngthecasﬁﬁ§pmcdseby\&1e finsettion-o6 sipalbeegant - Yj and a
Fi et 11 mectt e yBieRarsy il RiRale s ARISRRRR (R DG Tl et
passages 23. Thus, the cooling air passes through the radial passage 22 and into the
coolant supply cavity 21. It than passes through the impingement cooling passages
23 and into the leading edge cavity 19 where it impinges on the inner surface of the
leading edge before being discharged to the outside of the blade by way of film
holes. In accordance with one aspect of the present invention, the leading edge
cavity 19 extends downwardly toward the platform 14 into an expanded fillet cavity
24 directly behind the fillet 18. There is further provided a dedicated fillet feed
passage 26 that extends radially up through the fir tree 12 as shown. The fillet feed
passage 26 is fluidly connected to the fillet cavity 24 by a cross-over openings 27.
[0040) In operation, cooling air is introduced into the fillet feed passage 26,
passes through the cross-over openings 27 and into the fillet cavity 24 to cool the
fillet 18 prior to being discharged through film holes (not shown).
[0041}] Heretofore, the impingement cooling passages 23 have been circular
in cross sectional form. We have found that if these passages are elongated in the
radial direction to a racetrack form as shown in Fig. 6B, better target wall coverage

will be obtained as the cooling air passes through these passages to flow into the

leading edge cavity 19.



angle of O defines the extent of the fillet 18. In accordance with the
present invention the large fillet 18 is defined by the paraneters D and O
with the offset D being in the range bf 0.080" to 0.375" and the fillet
angle O being in the range of 100t0600. It is this large radius fillet that
over cones t hgyfk obl eng.ff; los. 054, ei nabove.

100391 As i gﬁco?wenti Q%a{nng ?\ﬁglggs ¥ '{les(f ﬁ%g?ﬁgﬂété‘éﬂﬁe@ge{&? provi ded behi nd
t he | eadi ng sheletoeghin l@plddeadiedlgatetﬂgéet(f@dlmssaaﬁzﬁ etehdprgradidliupt o that is a
cool ant . 00l _ant Vi lied with a
sour ce of cgg‘Jf)X%‘ctﬁggH‘eetzﬁ;indllpgl\lé’ auéﬁ Y gu(gﬁl]%ﬁearA YH%QF£4§%§822 whi ch
passes thr ou@remﬂmdmiants the emss@ver oﬂéﬂg:ﬂoh&monwpsphm a:ﬁﬂettcyvnQyJML s fluidly

connected tq, the |eadi vity 19 b ngerrent
cool i ng pasg'g’@"&er?%e “ﬁq%ggdg' ﬁ‘ﬁ"gcéer‘?é?lfm%%%q i}tr‘lk&pb gils'h"géget?ffa ¢ forned
during the mdp%rd@rcﬁ&@:‘s‘én&%ffcbﬁldgﬁ”e‘&ﬁki @ﬁthhfs hélﬂ&bheriéﬁrdiﬂbrés core rods

whi ch are subsequently remgved to | eave npi ngenent. coql i ng_ passages
23. Tbus, t Reforgtingdyayay of leading e@&ﬁfawwktsr]§u‘f%ﬂe&lgn¢a§§a@en 5. 2nd into the

cool ant sUpmmrewmaéh%fdhﬁplémr@me&oﬁ mequﬂhsdrﬁeesmmgﬁmnt cool ing
passages 23 and into the |eading edge cavity 19 where it i nges on the

i nner sur f adeadiag edgrel 6 as shewm glhssrydimples pravidgdp Tr@@h@@h‘éﬁ‘yé@gf« eqtioé out si de of
the bl ade by, fod n accordance with one aspect of the

pr esent mven??égﬁ&e Eéinl Q?ér%gé%d-]g cavity 19 extends downwardly toward the
pl at f or m 14 [0048)b an mdmwve Blhb@hmca\wifthp pré&dntdnveetion i shaeim mdFig.he fill et

18. There i fur [ OVI edicated fill et feed 26 t hat
ext ends rad?élalny up }}e ermoﬁat er ant G5 r?lggorfé”hécshets ov?/nsuPpllﬁ ‘ffi?(f% feed

passage 26 kdgefdotesds g’nsms@ﬂeheteedbm\@ wlﬂﬁeipebﬂtethedﬁgs o ai]44By a cross-over
openi ngs 27 0401 I n operatian, ooI|n air is int ced into the fillet
f eed passaggmﬁ‘%‘Pm"‘Ba%'g é‘g’p&ﬁ"gh‘@fﬁ"’tgﬁgg%‘f%? r%\:Pé‘Pe%?iJe iﬂil;@Ee BSODNhd into the
fillet caviingtaPéort gmatplsz t fise featukedtarclBoRcicarly mv.laﬂhrlr@sdws@banmed t hrough
shown) 00411 Heretofore, the inpingenent cooling passages

film hol es %
23 have beeRM ftfjoxrs f°‘i ‘f?%%as"scogee@eghs WA oGRS WD R RSBl HETEhar |1t hose
passages ar g, hé 808 @flaic hbdl®ransfer. The advantage of this configuration is that of

increased heat transfer which is due to enhanced impingement at the fillet cavity 24.
[0044] Another feature to enhance cooling characteristics is shown in Fig.
10. Here it will be recognized that the common approach for the placement of the
impingement cooling passages is mid-way, or on the mid-plane 33, between the
suction side 34 and the pressure side 36 of the blade 11. In the present design,
however, the impingement cooling passages 28 are off-set towards the pressure side
36 as shown. This results in improved cooling by taking advantage of the Coriolis
forces that result from rotation of the blade.

[0045] The use of trip strips in a flow passage is a common way to enhance
the flow and cooling characteristics in an airfoil. A pair of such trip strips 37 are
shown in Fig. 11A and 11B as applied to the fillet feed passage 26. We have
recognized that the placement of the cross-over opening 27 can be critical in
preventing the interference that the trip strips may have on the flow to the cross-
over opening 27. Accordingly, the cross-over opening 27 is preferably placed in a

position substantially intermediate between a pair of adjacent trip strips 37 as



radial direction to a racetrack formas shown in Fig. 613, better target
wal | coverage w Il be obtained as the cooling air passes through these
passages to flow into the |eading edg&-cavity 19. -7 [00421 Referring now
to Figs. 5A and 513, an alternate enbodinent is shown to again include a
dedi cated fiJl as . 2 t endi radi al | Reathrough the fir tree
15 and throudiey S SPORRRATiaRrly SRRE f ReiiebelRr gk s nd” o

enbodi ment s, infpingenern seelmgeassagaa 2B rvgthaspecttte tripostriyeschat nvaytble ptacéd inl et cavity
24. Howevert th? fool @nt f !jglw is directed to inpinge at the base of the
fillet area BRePHf IRPYSREPGE over a series of cooling features, such as
hem spheri cgbo4b] npl esRefeainpmeway iFig. Ny daytheeltatofe tb estdnddcootige fil m hol es.

Such a design is shown jn Fig. 7 wherein _a plurality of dinmples 29 are
formed on tw@aﬁaﬁﬁ%itlcgﬁﬁk%% Bire droth e ragie fese passpagadidng tb@&ﬁkf?%eg as shown.
These di npl grasdafdr6 K8 afben spe®NRBEadwaars nl B fapdctipdly. Thee bapdi ng edge in
the fillet region. 100431 An alternative enbodi nent of the present invention

i s shown i n skargd inlet gpemingsdBvabrsp dound to decprase the sgsistanee erthePIEssEtsr e whi ch ties
the supply agded Gl A9owSHGEREEeSahdIhei YRG0 HGnRARCHS YA Fespect to
the Figs. 4A a%d 4B ﬁ%odi_rrentl,%. g suppﬁ?ﬁnﬁgﬂseagi ng edgeoco es are
connect ed wieffactghat edn teodbtained. net al core (RMC) 32. These features are nore
clearly sho -0 Fi gs. 9A- 9C. e - RV 3 || for very. small core height
wi th featur \é@?d”@uch aghep@acglso é)}g‘,e qhgsl\@reé& a?foﬁ]%?%ethec%)roﬁn iy)" énhance heat
transfer. Thedag\dgd agirty 09 ardthe fillarhvigd4ab itlerieading dige 16bf the badeased beat

transfer which is due tao enhanced i npj.ngenent at t illet cavity 24.
0044 anot e DB AEtiRee s NETARATR T B SEP N ARt AR PPESS5s ahowm 1 Fi o.
10. Here it gehdrdllydRer 6iR@Miateng thd184dilgd Rige 06 BPIRe BRRE.ORGHg.f1a theke pl acement  of

the i npingenent cooling Passages is md-way, or on the md-plane 33,
bet ween t he fil@jeles arsheyaat Bluare Aot nerdlelAsdsesrelly thecassdopthosehe pl ade 11. In

the present cggRbEHE the RONEY Edge chNIE 19D HRASIMR Y OB hOB1aBR D6 AQQEd28 are
e

off-set towards the pressure sidé = »
they are canted to accommodate their individual positions along the curve of the

fillet 18 as shown. In addition to this canting of the film holes 41, we have
recognized that, unlike the cooling holes in the principal portion of the blade, the
film holes 41 are preferably placed closer together so as to increase the number of
film holes 41 for a given length along the fillet 18. For example, the typical spacing
between film holes (i.e. the pitch between the center of adjacent holes) on the
principal portion of the blade is in the area of two times the diameter of the film
holes, whereas the spacing of the film holes 41 along the fillet are preferably in the
range of one-and-one half times the diameter of the film holes.

[0048] Shown in Figs. 14A-14D, there is shown an alternative embodiment
of the film cooling holes at the leading edge of the blade and of the fillets. Here, a
trench 42 is formed in the leading edge 16 and extends down to and transitions into
the fillet 18 as shown. A plurality of film holes 43 then interconnects the inner
surface 31 of the leading edge 16 to the trench 42 as shown. Preferably, the film
holes 43 are formed with a cross sectional shape that is a racetrack shape rather than

a round shape as discussed hereinabove. The affect of the trench is to allow the



36 as shown. This results in inproved cooling by taking advantage of the
Coriolis forces that result fromrotation of the blade. [00451 The use of
trip strips in a flow passage is a congon way to enhance the flow and

cooling characteristics in an airfoil. A pair of such trip strips 37 are
shown in Fig. | T1Aand | | B as apBIied to the fillet feed passage 26. W
have recogniofhieg aintgtpassibrogginthe filipholss anddl e gerchdipfare spibiE Q¥ET27 can be

critical in ot &Yeh-PIr b faliidf Glidedlsence that the trip strips may have on
the flow to the cross- over opéning 27. Accordingly, the cross-over opening

27 is preferl@9} pl acBefermngaowgoig: il bra furihes modificationofithe Binhbelestas bet ween a
pair of adj i J: 7 - b is equally
Bopl i cabi e cof e P ek i erdlig b e AR IO ™28 t h
respect to tleadingsidge pS indhades armeteieg pdreioedd aml a diffesicopdrtion 46Ul y cavity 2 1.
[ 00461 Referring now to, Fig. nother feature to enhance. cooling

Char act or | SUTHEEPo0RDFh s Paleraely skEs or Ttk ) By BECTALE ™ and ¢ he
fillet feed anp@ssdfesiottpoitith 48 iDedricaliisiped asshewn &serhbsusthadooliflig and 39,

respectively, _ These bel | . shaped inlet openings have been found to decrease
the resi st arfciect dheoneling g thersthoong ofrﬂ? ﬂ\g‘?‘é‘f’???'&‘\ﬂf‘f‘ﬁt"’dﬁ)fh‘@ passages and

t her eby iﬂcrd%%ﬁ@r?é ecRMYAE todhe €8RK 4D As dREARAhelei@bowwan be obtained. 100471
The function of the filmholes that conduct the cooli n%éal r from |eading
edge cavity [80nd t hEheanglesof tesgipoftions may, af geurse helvaripddelgsetithe of t he bl ade
has been di scussed herei nabove. The radial spacing of these filmholes has
gener al | y baeqviremeitof thegpatieylat applitationi mypieal yaluaomayf be, fer esamaple.ani n Fig. 13,
these filmholes as shown at 41 are not parallel as is generally the case
for those coglhest ROfpndhe ahgdafliohtp°edge cavity 19 to the | eading edge of the
bl ade 16. Instead, they are canted to accommodate their individual
posi jti ons al[eosd] t he cwhilethefprdskre inviehtidndtas b&nagartehlavim shdwn addi tion to this
canting of tdgs%ri{xlecl mt}bx%lfeef\gncé%d pr\é\Feerg 3nd alternate embodiments as illustrated in the

drawings, it will be understood by one skilled in the art that various changes in

detail may be effected therein without departing from the true spirit and scope of

the invention as defined by the claims.



recogni zed that, unlike the cooling holes in the principal portion of the
bl ade, the filmholes 41 are preferably placed cl oser together so as to
i ncrease the nunmber of filmholes 41-for a given length along the fillet
18. For exanple, the typical spacing between filmholes (i.e. the pitch
bet ween t he gpqger of adjacent holes) on the principal portion of the bl ade
isin the ar8& "9P™Mwo times the diameter of the film holes, whereas the

spacing of the fijlm h@@gn{}&mabm dohﬁ,oﬁédth@ﬁpr@gﬁ@ preferably in the range
of one-and-one half tines the dianeter of the filmholes. 100481 Shown in

Figs. 14A- 14Dthe?@rir%efgwawmﬂaﬁﬂmog&pﬂ%&we“@%&ﬁ%t of the film cooling

holes at the |eaqigMiforsl@enietiel isalll MdReaNdeéndinpSintaiflrbtplae bElRena@ trench
42 is formed in the | eadi ng"edge 16 and extends down to and transitions into

the fillet 1lgading edgpapd a i Fity of filmholes 43 then interconnects the
i nner  surface 33an9frfo§1hﬁte4c€ﬁx¥@cf&9t&& 121@0(991% aﬂfﬁlett ERDdIn A af ScbOWN.

Preferably, the fil hol es are a Cross sectlonal shape t hat
is a racetr amklesﬂmpsmd platham ﬁlhfaﬂaneao a tﬂadudg sdwpé thesaidéiseusslag; dhengsi nabove.

The affect Of t qtnre %{;})Sg{l{lal tf2 hgégnay\{o salg ﬁIrT% p aéle k I trc])gnalfrllte catvﬁg%vsthI hrough the

filmholes ang over P ace of the
| eadi ng edgsaitlﬁurfdx[}@xﬂ&l Referring now to Fig. 15, a further nodification of
the film holes can . be nade. such that their when extending fromthe

i nner surface 31°PYingreans within syd sergeene’ tOPFPd’Pq%&th% %‘Pé?‘fiﬁgl bortion 44 and
a diffusion dqagy.ion 46. The netering potion 44 is preferably cylindrical or
racetrack in cross-sectional form and the diffusion portion 46 is

coni cally shaped as shown to enhance the cooling effect of the cooling air

flow ng therethrgugh. AE&?tu%xﬁJéh%hQQon%ﬁe’nP& sefroth i chieDwhéelemGhAr ge its
cooling air to the trench 42 as descri bed herei nabove. 100501 The angl es of

these porti gauteppgle isdh theaangsef 1&idovBti ed to neet the requirenent of the
particul ar application. Typical values may be, for exanple, an angle a
of ' 20* and an angle P of 14'.

3. A gas turbine engine component as set forth in claim 1 wherein the

extent of said fillet is defined by an offset distance defined by the distance between a
first point in which the fillet intersected with said first plane and a second point in
which the fillet intersects with said second plane s measured along a plane parallel
the said first lane, and further wherein the offset distance is in the range of 0.080” to
0.375".

4, A gas turbine engine component as set forth in claim 1 wherein said
cooling means includes a dedicated radial passage for conducting the flow of

cooling air through said fir tree and into said fillet cavity.

5. A gas turbine engine component as set forth in claim 4 wherein said
radial passage is interconnected to said fillet cavity by one or more cross-over

passages.



[ 00511 Wil e the present invention has been particularly shown and
described with reference to preferred and alternate enbodi nents as
illustrated in the drawings, it wll-He understood by one skilled in the
art that various changes in detail nmay be effected therein w thout

departing fromthe true spirit and scope of the invention as defined by the
claims. -10 W Caim Alsasger@a%eﬁwowm%gﬁfst Bhiforaiat 4 wBersMisaidng: a fir

tree for nouflie: Bgith s LHTRATSTprdjdtiond BiAddA i ikhes Kirfade B Ridoglembgonnect ed to
said fir tree, and extending in a first plane between a | eading edge and a

trailing edg@idcaplingait oj | interconnected to said platformby a fillet
extending at an acute angle fromsaid platformfirst plane to a | eading
edge of the airfoil extending along a second plane substantially orthogonal
to said first pldne t& fstubipe mgliﬂe@prn@amnwsmgﬁhhlcl@m @whgreispid; and
cool i ng nea & hi P t to provide cooling air to said fillet
cavity. 2. %ﬁlgé\fét&{atﬁrgfe%{é&esﬁgﬁggggnponent as set forth in claiml wherein
said acute angle is in the range of 10 to 60. 3. A gas turbine engine
conponent as set forth in gl.aiml wherein the tent. o aid fillet is
defined by an of fset 0i% Sﬂﬁt&!‘é" H’@fqer‘fgﬂpwniar?éetaflogﬁé{hcgaémbe‘?'agﬁ’ﬂ s9d tirst point
i n whi ch t headiallpaghgd wus @ beRaioath shhpelnt aménirahéd théredl ane and a second point in
which the fillet intersects with said second plane s neasured al ong a pl ane
parallel the said first |lane, and further wherein the offset distance is in

the range of 0.080" tRg galmAhR engthe cOmPétent 41sB (BRL NGRS WRITAARAAL as set
forth in claimt wherein said cooling nmeans includes a dedi cated radi al

passage for cg@h@u@qapﬁ@cbﬁ@ aplepalityfof passages formed from a refractory metal core
in said fillet cavity.

10. A gas turbine engine component as set forth in claim 1 wherein said
airfoil has a leading edge cavity and a coolant supply cavity with the coolant supply
cavity being supplied with coolant air by way of a coolant supply passage in said fir
tree, and said coolant supply cavity being fluidly interconnected to said leading edge

cavity by way of a plurality of impingement cooling passages.

11. A gas turbine engine component as set forth in claim 10 wherein said
impingement cooling passages have a cross sectional shape in the form of a

racetrack.

12. A gas turbine engine component as set forth in claim 10 wherein said
airfoil has a pressure side and a suction side and further wherein said plurality of
impingement cooling passages are disposed closer to said pressure side than to said

suction side.

13. A gas turbine engine component as set forth in claim 10 wherein said

impingement cooling passages include a plurality of trip strips to enhance the flow



cooling air through said fir tree and into said fillet cavity. 5. A gas
tur bi ne engi ne conponent as set forth in claim4 wherein said radial
passage is interconnected to said filtE-cavity by one or nore cross-over
passages. -11 6. A gas turbine engine conponent as set forth in claim4
wherein said _fillet cavity has a pluraljty of projections fornmed on its
i nner surfac‘éft?%coﬁgn%?ibi"éh&/‘ﬁg}” veieredn %@Pf‘h@lu'ﬁ‘ﬂOf??‘dﬁl"ﬁ‘égerf‘w bi ne engi ne

conponent ascodRhg pakdebs drd dishekdbifbsh@Sintesitidfite Ppai cHatfaYer®trip¥t@psect i ons are
di nples. 8. A gas turbine engi ne conponent as set forth in claim4 wherein
said radial passage has a bell-nouth shape at an entrance thereto. 9. A gas

turbi ne engi ne cqEPON@NgasaibRetndif dothpofent hdeMTothhEhfh 10 $Aéein saRO! | Ng neans
includes a plurality of passages forned froma refractory netal core in

said fillet aueil legding edge Angsspid filletishehechaspgplvealiborfifmenelingshodestfor orth in clai m
| wherein Sadoﬂduc%h%fh%'dom%o aht%?rq’rd?rgar?ﬁblge?na?@a\(}i lé? tl?lg ur?macgﬁ?bg%?adg.u})p! y

cavity with the coolant supply <cavity belng su coolant air by
way of a cool ant supply passage in said fir tree, and said cool ant supply
cavity being fluidly interconnected to said | eading .ed avity by way of a
plurality of i mpifgentris BEBRT Riscoupguat aspet g prelmmn P pfidein gy ne
conponent agadisitsphdig éf adjacert Hilmcddlingtholee insaklafiiidt isilewp thag eligeradiac ool i ng

passages have a cross sectional shape jn the formof a racetrack. 12. A gas
t ur bi ne engiSH%C‘%l?Fﬁ‘ﬁ?Fé‘ﬁgJaﬁ"é‘tgg’c‘ C‘P‘gﬁnﬁﬁ‘oieﬁmcsf“gi%drfo wherein said airfoil has

a pressure side and a suction side and further wherein said plurality of

i npi ngenent cool i ng passages are_di sposed closer to said pressure side than
to said suctionl8i deA gas turbine engine component as set forth in claim 14 wherein said

blade and fillet have a trench formed in the leading edge thereof, said trench being
concave toward the leading edge and fluidly communicating with each of said

plurality of film cooling holes.

17. A gas turbine engine component as set forth in claim 14 wherein said
plurality of film cooling holes include a metering portion and a diffusion portion
with said metering portion being disposed near an inner surface of the blade leading

edge and said diffusion portion being disposed near the leading edge.

18. A gas turbine engine component as set forth in claim 17 wherein said

diffusion portion is cone shaped in its longitudinal cross-sectional shape.

19. A gas turbine engine component, comprising an airfoil having a
leading edge cavity and a coolant supply cavity, with the coolant supply cavity being
supplied with coolant air by way of a coolant supply passage and said coolant supply
cavity being fluidly interconnected to said leading edge cavity by way of a plurality
of impingement cooling passages; wherein said impingement cooling passage have a

cross-sectional shape in the form of a racetrack.



13. A gas turbine engine conponent as set forth in claim1l0 wherein said

i npi ngenent cooling passages include a plurality of trip strips to enhance
the flow -12 of the cooling air and furxher wherein each of a plurality of
sai d inpi ngenent cooling passages are disposed substantially intermediate a

pai r of adjacent r| p stri 14.. A as turbin i he co onent  as set
forth in claim 1(? whee§a t‘gg‘inﬁen%?er‘?o W“?“é%%ﬁehg’“gdg a‘éfh@ﬁ%’ §Einseid| et each

have a pl ur aliiéiyhfa gréssive 6lae hhd@srabesid Mid furdep dueleingidiphaality@w of cool ant
air froman jnternal caV|t to the surface of the blade. 15. A gas turbine

engi ne conpoAWHBeHRENt<aP "’fgd?aﬁqqg?sri“%‘l"éﬂoﬁ?dl“tiosﬁh'@rsé’idrP“tSHEe sidgithemfo saghici ng of
adj acent fildgalideng holes in said fillet is less than the radial spacing
bet ween adj acent filmcooling holes in said blade. 16. A gas turbine engine
conponent as set forth in claim 14 wherein said blade and fillet have a

trench formed in tlhe Ie%glg{l]gi gr%inutgaglr mass% %rth ﬂg‘g} fga‘wcgem oncave t owar d

the | eadi ng edge and nCa I'ng vm p?lural ity of
filmcooli ng:obkahmpplﬂavm& 1g:ﬂmde$a|ph1ramy eﬁ'tgplmpsmthmatheakmsﬂtthé orth in claim

14 wherein sai | ur f fi oI|n i ncl ude, a tering portion
and a diffusP8 ngp% gﬁrth%nw?‘ﬁreglﬁa pé‘r"Fﬁ%i g anf&eﬂbcoarg%osed near an
i nner sur f agassagestabedifossisubgadialg int@thgdia Aais ot sdjsbiehd tHf k@ips.por t i on bei ng

di sposed near the | eading edge. 18. A gas turbine engi ne conponent as set
forth in claim17 wherein said diffusion portion is cone shaped in its

| ongi tudi nal crogs- Seﬁtg'aﬁ’ﬂl?ﬁmééh%ﬂﬁ: cothPenefit £38t foHh Bl 18neNOl NGk SIPONENt ,
conprising an airfoil havin | eadi ng edge cavity and a cool ant supply

cavity, w t wirfdikhas e plugdity eliplpl Spohaglhql‘;ﬁ forgongducting gsi flaxdofigoplantadiol ant air by
way of a CO?}o%NaldSHPd?Jéé/ Sg\lﬁﬂei? %fa%@!ofi i€ QtoRRhd ﬁH@ynl Nher&ﬁ¥é1&¥‘11rf)e' ng

fluidly interconnecte ge cavi t way o urality of
i npi ngement co@imglhoépsmi;siag@setenm@pmon asfaa diffuspon pgior,witlcsaol mﬂglrp;assage have

a Cross-s e%%rtl%n %emg le gseh Redr Qrei‘ 1r}cn(<%rr SrlTl]I'fo e & salg(fe%{n%%hge cavity and said

diffusion portion being disposed near an outer surface thereof.

23. A gas turbine engine component as set forth in claim 22 wherein said

diffusion portion is cone-shaped in its longitudinal cross-sectional shape.

24, A gas turbine engine component as set forth in claim 19 including: a
platform attached to said airfoil and extending in a plane between a leading edge and
a trailing edge; and a fillet interconnecting said airfoil to said platform, said fillet
extending at an acute angle from said platform plane to form a fillet cavity within

said airfoil; and cooling means for providing cooling air to said fillet cavity.

25. A gas turbine engine component as set forth in claim 24 wherein both
said airfoil and said fillet have a plurality of film cooling holes for conducting the

flow of coolant air from an internal cavity to the surface thereof.



-13 20. A gas turbine engine conponent as set forth in claim19 wherein said
airfoil has a pressure side and a suction said and further wherein said
plurality of inpingenment cooling passages are di sposed closer to said
pressure side than to said suction side. 21. A gas turbine engine
conponent as set forth in claim19 wherein said _coolant supply cavity

i ncl udes a pl ural30ty df8astyrhing epgipgcanpoaei s set farfian clagy 28 hetsi the ool i ng ai r
and further whel §hfing8LddjREntdilRl YbRld HoYes®h saidfibletiidRisNRRIROfadfaPO!l i NG
passages are di sposed substantially 1nternediate a pair or adjacent trip
strips. 22. sRagjagbetyeey addacentdilmeoe drsrn saidblade. forth in claim19 wherein
said airfoil has a plurality of filmcooling holes for conducting the flow
of coolant air fromsaid |eading edge cavity to a surface of the airfoil
and further wheréin saighshirbime engind ¢ompoherit esset frrthin elaan ¢ wberemgaidor t i on and
a diffusion porti it h i in k-on ' I near an

i nner surfactga({)efanggllugtvﬁa%%%?(ﬁnégg%gél%?:laﬁ\)/li%feg%g%% @%\F%%g gig?es Egﬁgﬁgg%lrti on bei ng
di sposed neareimyroncive tovand fhadeadingedgsfand ABidlyAogasunidatibg with easvpiofie conponent
as set forth in lcI ﬁli m %ﬁ%whc?r e'!l)n1 said diffusion portion is cone-shaped in
its | ongit udPiRTahy oL ilmeoqlinghpleshane 24, A gas turbine engine conponent
as set forth in claim19 including: a platformattached to said airfoil and

extending in a plane between a | eadi ng edt}:;e and a traili ng edge; and a
fillet interconnédtind BafudbIas eHeing comporent as s5f frthdp plping 24 whereipsaid  ext endi ng

at an acut e Rp@lgelb iAMRahsbeRrabd @rgav Pl ane to forma fillet cavity within
said airfoil; andgcool ing nmeans for providing cooling air to said fillet

cavity. 25. A gas turbine engine conponent as set forth in claim 24 wherein

both said airfoihh an e pt: £ 54 0Ql:ing hol es
for conducting tzg fgo%?vét)u?b 1&%%#31%&32*&%} gén# gﬁjlr*trﬁ/celfglfﬁna?d %gré\;?l? 34“? o the
sur f ace t herceoling meass gludgs aydeslicated adial pessagerfer comdpesmethe ffowv efet forth in
cl aim 25 vvhegglii& t he

c air irito said fillet cavity.

30. A gasturbine engine component as set forth in claim 29 wherein said
radial passage is interconnected to said fillet cavity by one or more cross-over

passages.

31. A gas turbine engine component as set forth in claim 24 wherein said
fillet cavity has a plurality of projections formed on its inner surface to.be cooled by

said cooling air.

32. A gas turbine engine component as set forth in claim 31 wherein said

plurality of projections are dimples.

33. A gas turbine engine component as set forth in claim 29 wherein said

radial passage has a bell-mouth shape at an entrance thereto.



radi al spacing of adjacent filmcooling holes in said fillet is |less than
the radial spacing between adjacent filmcooling holes in said blade. 27. A
gas turbine engine conponent as set forsth in claim24 wherein said blade
and fillet have a common trench fornmed in | eading edges thereof, said trench
bei ng concave toward the | eading edges and fluidly conmuni cating with each
of said plurali 8¢ of Afgal mriinotriging demiperent #xgset farth aisclaior 24 wkereingdide conponent
as set forth, | i i i L&, ge of 10" to
50+ 20, A GelheThBnElreth Al o B e S R R by el b8 et ei
sai d cool i nysaidflet cavity udes a dedi cated radi al passage for conducting the
flow of cooling air into said fillet cavity. 30. A gas turbine engine
conponent as set forth in claim?29 wherein said radial passage is
interconnected to said fillet cavity by one or nore cross-over passages.

31. A gas turbine engine conponent as set forth in claim24 wherein said
fillet cavity has a plurality of projections fornmed on its inner surface to
be cooled by said cooling air. 32. A gas turbine engi ne conponent as set
forth in claim31l wherein said plurality of projections are dinples. 33. A
gas turbine engine conponent as set forth in claim29 wherein said radial
passage has a bell-nouth shape at an entrance thereto. -15 34. A gas turbine
engi ne conmponent as set forth in claim24 wherein said cooling neans
includes a plurality of passages forned froma refractory netal core in
said fillet cavity.



