DI RT SEPARATI ON FOR | MPI NGEMENT COOLED TURBI NE COMPONENTS BACKGROUND OF THE
| NVENTION 5 This invention was nmade wi th governnent support under Contract
No.: NO0019-02-C- 3003 awarded by the United States Navy. The gover nnent
therefore has certain rights in this invention. This invention relates to

an inpi ngenent tube remqes:tﬂk? O‘NFWM?IN@EFR ﬁqnlo and in which the

i npi ngenent tube has an | the outer portion
bei ng configured to mnimze age o I erI ngerrent air at the |eading
edge. In one enbodi nent, the inner and out er portl ons are formed as

separate pieces, and in an inner and outer portions are
formed as a single pi ec&%ﬁépﬁg@ﬁ ”ﬁ‘i‘: Hgv NIIQNber of conponents. One
type ofs conponefiisiifivéhtionSwad Hdd@ @t g@@ﬁmeﬁhglﬁ gma&edoﬂugﬁewath of hot

air downstream of a conbustor, and have e that faces the hot
air. The vHﬂ@Oll%OZ—ﬁuﬁ)Oémpm;@d yothhilgtited tSeatpeNavyr @he g«mbrnmqmtl thersforeol i ng.
One methoghutlllzed ? ?Hg the vane, is to form the vane to have holl ow
ar eas 3| ceEan TS Hg AN RVePis within the hol | ow areas. The i npi ngement

tubes have a ”Wﬂ@rm@éntll%ﬁll%ﬁatésofo g rlﬁ?fdg@&ehtnﬁibg%ga%d WithirQ Qubinerdly to
points within the vane. Holes also extend through the wall of the vane in

order to déomepomenthend impwhigh tenimpangengmt tibarhasan emes emd awter pdrtlbmemlane Th| S

applic at es. t ment. t ube U ithin the hol rea

the valth' +hs ot rartisbobeltk oo thishtRE i Bihakbe e iR PhAE ool | ng
air suppl meaead%eedgeom WY erRbomBRY, YR Bine B GRBEPSti6AP hicNbritbd af r om bot h
inner 25 and outer supplies is to use an inpingenent tube which includes an

out er por t $epar atiche@nandnn@nomrr enberdimenle thegnnertpadjontes porivas eta rmedr t i ons
have an end \/\@Illl %Léghly at an internediate position within the vane, and
with end wal3¥ %8?*1 eing generally parallel to an axis of rotation for the

turbine. Quter T@®ineNGghies have bﬁmueéﬂoﬂuohipbﬂerit@eom@w@rom@ gbﬂéhtam i nner
cooling air is brought within the inner portign. The holes 30 within the

i mpi ngenenstatiqngey pate: | B vanes arhin (igmathhpleheioht downgream efdg semhesterye
and have a leading edge that faces the hot air. The vane is thus exposed to high

temperatures and requires cooling. One method utilized to cool the vane, is to form
the vane to have hollow areas, and place impingement tubes within the hollow areas.
The impingement tubes have a number of holes for directing impingement air

20  outwardly to points within the vane. Holes also extend through the wall of the vane
in order to direct the impingement air onto an outer surface of the vane.

This application relates to an impingement tube used within the hollow area
of the vane that receives cooling air from both inner and outer vane cooling air
supplies. One known way of supplying impingement cooling air from both inner

25  and outer supplies is to use an impingement tube which includes an outer portion
and an inner portion. Each of the inner and outer portions have an end wall roughly
at an intermediate position within the vane, and with end walls both being generally
parallel to an axis of rotation for the turbine. Outer cooling air is brought within the
outer portion and inner cooling air is brought within the inner portion. The holes

30 within the impingement tube portions and the vane are concentrated adjacent the

leading edge of the vane.



| eadi ng edge of the vane. -1 It has been found that the air froma radially
outer source carries nore dirt than air froma radially inner source. The
hol es in the inpingenent tube and vane are relatively small, and are
sonetinmes clogged by dirt within the inpingenent airflow Wen this dirt

cl ogs the hol esjt hgabedn"®uh® ekt Mke SidFOM b ¥8Hally buteh 3burbB¥arBies nPrél@it rabl e is
directed to the | eading edge. SUMVARY OF THE I NVENTION In a discl osed

enbodi mentthat airHrogn iarwgnltly omer gourem e Thebeley asthgrimpingemgahibe and yeee i ncl udi ng
an i nner . ortj { ent. L1, 10 i nner
and outer a‘ggrr |tc1)‘(r?1ési§' gs?neaﬁ)lf c‘#l &rlrgage tsé&ggﬁgsogi%g‘?%gseémr\gﬁgp }I@g lfh 5’?‘{%1‘%{%% s of
rotation dirflodne Wiichith®.dift Rlqparthe holeahearahe Badingaldpe, \Wedshdintiahenpuber portion
is positioned such that the outer portion covers |less of a | eading edge of
the vare tdssisable isditested tatherlpadingedgeend spaced towards the trailing edge. In
t he di scl osed enbodi nent, the end wall of the outer portion is generally

pl anar, and angled radially inwardly fromthe 15 | eadi ng edge novi ng toward
trailing edge. In this mSUMMARY OBHE INVENTIONS nore surface area

adj acent the aft end than it does at the |eading edge. Thus, .the dirtier
out er i npi ngeneft? dpglosed sHbodiment egfb&lwmtmgve@ TR vesran IBRINgeRsAt i t does
to the | i : I i i i it nner,
wth 1ts aag el o R o B o P e R et

t owar d 0t henberaandionter pdgeons ldoafovmed to be hdn-parellél meletivtar the axis of hatatidrf ect of
this angle n |1 is to jncrease e.volume of air .directeq fromthe
nner 1 o B g 1 Byicelst o P ALH Aoty PRl iVESTPEAS 0l e of
ai r directggt he ohltf peftion&ddersNBls 1 KadifE 8dddbSthé RAREHAR HUEH ek (ol ure of
outer inpingenent airflow 25 being directed to the |eading edge relative to
the aft enaft edsligpatdrbtomantsghaltraidingredgdh aln theldiseloaed erabollimest, kheaend Walbw

dynam cs t reduce the .anmount of dirt eachi ng.the .l eadi ng. ed of the
vane. In p&?{kﬁep‘ﬂﬂqgﬁ po gnl.sagepeqa}lgrﬁl%, B‘i’f[ apslegd ngfhﬁB%rfBWf‘r%lY &mé‘bgﬁ%e enters
the outser Rafih @lge MY lovabPRNNGRAMRI CR BAUSESner, the outer portion has

more surface area adjacent the aft end than it does at the leading edge. Thus, the

dirtier outer impingement air flows in greater volumes to the aft end than it does to
the leading edge.
The inner portion is formed in an opposite manner, with its end wall also
20  moving radially inwardly from the leading edge toward the trailing edge. However,
with the inner portion, the effect of this angled end wall is to increase the volume of
air directed from the inner impingement air source to the leading edge relative to the
volume of air directed to the aft end.
Not only does this shape reduce the volume of outer impingement airflow
25 being directed to the leading edge relative to the aft end, but there are also
mechanical means and resultant flow dynamics that reduce the amount of dirt
reaching the leading edge of the vane. In particular, when air from the outer
impingement air source enters the outer portion, there is momentum which causes
dirt to be directed along the angled end wall away from the leading edge and toward
30 the aft end of the outer impingement tube. With the prior art construction, dirt was
not directed toward the aft end and was as likely to initially reside at the leading

edge as it was the aft end. Also, with the prior art construction, dirt initially at the
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dirt to be directed along the angled end wall away fromthe | eadi ng edge and
toward 30 the aft end of the outer inpingenent tube. Wth the prior art
construction, dirt was not directed toward the aft end and was as likely to
initially reside at the leading edge as it was the aft end. Also, with the
prior art gRNHUrsmt mdtatedbdck foatd e Yeading! difge: 2HBNEV@NWiflAtheNpi@s@k e back
toward the | eading edge. However, wth the present invention, the angled
end wal | " mivertion, He aggled ead walle parfst’ thandirt artiefi endd Jdhis is duepo apmsswe | oadi ng
fromthe S eq P S h tLo e e, .\ .
conj uncti \gﬁ)q\gﬁ%ghﬁsﬁethgug%g esggécp St g{ufée g?%gs%r@e%l%%%eﬁ?e@g ‘{Vﬁdeg%dé%r ease in
area 5 heacbrjgnctionawith tthe sappressed 8tatie I sradsareaihhicrtnt easkel ddyreass i pregssur e

| oad that resists novenent of the dirt fromthe aft end toward the | eading
edge i P t hbeadingetowsrt thepdt edgs) srsateraneingisased flyapmicpressugg losd dBatgesifiige shape

whi ch acts i i i end wal |
first dir eglt%gergfrgfo‘%? ??@%ﬁ?ﬁgﬁg eggl té‘&lgagiﬁ?%ra hﬁgrﬁg%%%%%n%t%%ﬂ%ﬁ%her e once
there its Atsoptherunglddaind walLiraates awedgasithpe rwhith bets ad @ nicehudital igeank ow

dynam cs from npvenent toward the | eadi ng edge. The dirt thuﬁs tends to
becone tr appEprsre the disti {The gaelgdead Wall firptahrests) dig do the Hbendyok thg oyter The dirt
that exits; QH‘%«{W L ] . |l e t eave the
vane al toglenil gg t rotﬁlééﬁ%hk:rfémrﬁglﬂgér@?fﬁ 1%&)211&33?63}1& gr%rc'?%ggdl@f tdhg&{i}atr}llé adj acent
t he af 10 encbsulting flosadynemidsHeomvethyemshidpwackthaleading edgap t hat either captures
dirt 15 permanenily. or allqQws the dirt to exit.the vane adjacent the aft end
where 1t is | eadbe dirffous iendt T ostr HgPRHNi6 gt 5 RIEOBION HUATAHES Vi | o
the invent @nrnis HeS@itomadevits! the IRRE FIHidh RABORE tRNHailRL|dganedyethehn this
fashi on, other shapes for the outer portion and/or the rnner portion could
be utilizkdye the vanngltegstiich dyoeghhfilavholehm the alitenfurfasd of thegvanbedjacent | ow from

the outer .20 jnpi t ai to the, | ead dge of th o
st enbolieihEhiy 18 SHeh. trc HEEahals R B T 08 S et e |
pi ecesys | NpanmaeRRtore RN B Qlrt td B8t iHBRAhe ARV HRY afPBhd WABR iBfSledpr Med as a

single piece. The present invention thus reduces the likelihood of the dirt
wi t hi n t helikgly ef plugging the leading edge of the vane.

While the invention is disclosed with generally planar end walls angled in
this fashion, other shapes for the outer portion and/or the inner portion could be
utilized, as long as they achieve the goal of reducing the airflow from the outer

20 impingement air source to the leading edge of the vane.

In a first embodiment, the inner and outer portions are formed as separate
pieces. In a second embodiment, the inner and outer portions are formed as a single
piece.

The present invention thus reduces the likelihood of the dirt within the outer

25  airflow from reducing the impingement airflow to the leading edge of the vane.

These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief

description.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a view of a portion of a turbine engine.

Figure 2A shows a vane incorporating the present invention.
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25 airflow fromreducing the inpingenent airflowto the | eading edge of the
vane. These and other features of the present invention can be best
understood fromthe follow ng specification and drawi ngs, the follow ng of
which is a brief description. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1is a view of gigRRIIB A QbsAsectibil RRWEMEIURA -a Jortio 6f ZAnehows a vane
incorporating the present invention. -3 Figure 2B is a cross-sectional view
through a porti Biguot3 i apanepective yewef 3n inyentiyeimpegementtubesol. of an i nventive
i mpi ngenment tub { Fiqure 4. s s _a _second e i ment inpingenent tube.
5 DETAI LED DESCE‘gIH%{ﬂ] gdﬁﬁ%%ﬁ%ﬁ B“éW@t&ﬁeWEﬁ#‘g ‘gas turbine engine 20
is illustrated in Figure 1. As is known, rotor blades 22 rotate about a
central axis, and receive air froman upstream conbustor. |urality of

Ctati orfry ARl AN ED DRYERIPEIGN GRTIToRRENRRREDEMAGREMENT A | &
Kk th ,
directed into 10 FRATbhsERR %S MKSakd IRt 1 A5 1l f@%fﬂ%ﬁ%u?ie 26

for coolin@2 abtateastsbud a Eentiiablakig, and e¢ceBRUAIE droAB ah Qipstedthiddehbaktor. The air
exits the vanes 24 such as through filmcoo]i ng%\;hol es 25 found at. the

| eadi ng edplrality Ré statignasy vanes 24 aredpositionsd adjgeent \the eotopblade 22.ydys is
illustrate y outer
source 28 g?grvg%tﬂzé g&:ﬂreh hta © e)%r F‘%azté \}3 re tglﬁ'; ‘?ﬂ%ﬁlgg?ﬂn@vaé%1§% @tg{i)ﬂn%gr ed to

t he 1510 adihel vayes IMerAssmmme thdve isha mﬂhl&ﬁ inlnensource Bhifoicodling dcantsed as a

reference bel could b escrl bed wh ch i s.generally perpendicular to the
r ot at i onal 12413 ]é’ %‘Fertsﬁérclecﬁofgr coplgear. 25 he W@ﬁ?ﬁeﬁ‘?ﬂ@?ﬁ%ﬁ g’@ glr\avi ng a
| eadi ng edggy, 3ol ?l@s 33 f&Hf?lCﬁgh ng ”Cﬁh{:l‘ HtﬂeseQQGrgl%J%aééssV\fﬁle' as

i nner and outer platforns 16 an spective own, a holl ow
area 19 wi Véner buteare mobdillustratpd rfgemmphclt)ubh haalbderadﬂeﬂnaned that t’rgaeméuaﬂyt ube is

recei ved in_another || ow area and includes. an_outer portio
outer source ZQ%uects arr tﬁat carries more dirt into the vane 2 compared to the

U

15 radially inner source 26. A radial line R, which will be used as a reference below,
could be described which is generally perpendicular to the rotational axis of the rotor
blades 22.

Figure 2A shows vane 24, having a leading edge 34, a rib 32 spaced toward a
trailing edge 21, as well as inner and outer platforms 16 and 17, respectively. As

20 shown, a hollow area 19 will receive one impingement tube, and another
impingement tube is received in another hollow area and includes an outer portion
36 and an inner portion 40 adjacent the leading edge 34. As shown, the outer
portion 36 has an end 38 and the inner portion 40 has an end 42.

As shown in Figure 2B, vane 24 includes an outer wall 30 at a leading edge

25 34. As known, the leading edge 34 is exposed to the hottest temperatures, as it
directly faces into the flow downstream of the combustor.

The cooling air from the outer air source 28 is directed into the outer
impingement tube portion 36 having an end wall 38. The inner impingement tube
portion 40 receives air from the inner air source 26, and has an end wall 42. As can

30 be appreciated from Figures 2A and 2B, the end walls 38 and 42 are not

perpendicular to the radius R, or stated otherwise, are not parallel to the rotational



36 and an inner portion 40 adjacent the | eading edge 34. As shown, the outer
portion 36 has an end 38 and the inner portion 40 has an end 42. As shown in
Figure 2B, vane 24 includes an outer wall 30 at a | eading edge 25 34. As
known, the | eading edge 34 is exposed to the hottest tenperatures, as it
directly fageofithé eotbh8ladk 2. dpiviet precinardfthé RAd GRAIRUSE and 4ZhRivearkhng air
fromthe outer air source 28 is directed into the outer inpingenment tube
porti on 3e6paaleltgtherotatignalakis ofthe rotas bladad2. i npi ngenent tube portion 40

receives air fr 6 ner .alr -Ta) n.en l.] 42 .As can 30
be appr eci at ed ?frlTéoV‘lnfln%%rrlegl% t@& pa"%@&%‘é,% %ﬁe‘loglﬁlglu\ag%nsmggr gfnlg@pﬁgeérrleéltnot

per pendi cuhigflow Goleb@4r atieUs1ds, 440sire ToidesbrodsiBe Whpiageraé® aofubp@bAiongl to the
rotational -4 axis of the rotor blade 22. In the prior art, the end walls 38

and 42 hav6 BedA0, beweyer.chey are ey rilugtatesnadiacent thedeading edgn 34 ibitkisle 22. The

I mpi ngenmeny & Okl : i (Wagoll airflow

hol es 44. %wtél'dﬁtgqngs‘fkhqg@é@g%ﬁgaggt}l %@g’bﬁﬁz‘sﬁlﬁg?% r?%%i cgﬁgrgnﬁg %ﬁggrti ons 5

36 and 40, hdleswdd edjacenh the leadingedge, ad it issdesirhisld tadjrect eind mioktecobotiaglhitgo edge 34
The i npi ng portions have a gfeater

in this application, ment air, tub

concent r at &z@,{eagfng W@Fe@owvsrdrtégewﬁ bleH’é‘dFréto?Bﬁ ARpt othse holes woplq beiguad r apl e to

direct the | J : i felal- b d be

under st oodst 9}% a‘gt effrOHﬂ(t)l?e%ag\lggIeggggkﬁlr{@gngpaceéhg%l\/\ggﬁw%%gtaag eadi ng

edge ofF0 t hEhdsahbleg areesimplyutae ilhotrafed ms these Agdesifor sihiplitity of ilhstretsorar e si npl y
of illustration.

not illustrated. in these, fiqgures far _si licit As

ment i oned above‘.,Axs éﬁernf“’f?q %b‘%’smi‘& l{)ds ?L@géatae?eéirt xientip ﬁﬂ%%“t%?léqo"_&i rflow
source 28 {hant 28 tHa6ini RO ineRalrIbRVEoRRIEIKE 2%&&5&%}%&6&&«&?«@%&” has
pl ugged holes such as holes 44 and 25. This Is especially detriental at

t he | eadi nbplesispeh 34 holeb A andiA?.f Thinis ¢speaaliedetamentabat tA8leading edge 34: t he

heavier dirt p i cles 15 into t e.created between the aft end 35
and the end wal Mosienfiie toah eeioich aiffow PEATH RETY ShR S ATt Rertgliedy ©
| i NgEITEN{ntd tHRGdHRE Reeaftdl iANednOBEl at@n8 A8 Anl MEend2Rall 38 And MGHRE h@hyart, with
the end wal |l being parallel to the rotational axis of the turbine,” the dirt

particl es fremghedtaduigrad dhedutaxiaypingenmnt hibelholasiddpnddepsling edgssholesidded from

In the prior art, with the end wall being parallel to the rotational axis of the turbine,

the dirt particles were not directed away from the leading edge or restrained from
migrating back toward the leading edge and eventually plugging the holes 25 and 44

20  adjacent the leading edge 34.
The present invention addresses this concern in three ways. First, since the
end wall 38 is angled from the leading edge inward toward the aft end 35, there is a
dynamic pressure load on the dirt particles D resisting migration toward the leading
edge. Second, due to the wedge shape created between aft end 35 and end wall 38
25  dirt will become trapped within the deep tight corner of the impingement tube or exit
the aft end 35 instead of migrating toward the leading edge and plugging holes 25
and 44.. Further, the simple geometry of the outer impingement tube portion 36 is
such that there is less flow cross-sectional area adjacent the leading edge than there
is adjacent the aft end edge. As can be appreciated from Figure 2, the opposite
30  would be true of the radially inner impingement tube portion 40. Thus, the radially
inner source 26 provides a greater volume of cooling air to the leading edge 34 than

it does to the second end 35, while the radially outer source 28 supplies more
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m grating back toward the | eadi ng edge and eventual |y plugging the holes 25
and 44 20 adjacent the | eading edge 34. The present invention addresses
this concern in three ways. First, since the end wall 38 is angled fromthe
| eadi ng edge inward toward the aft end 35, there is a dynam c pressure | oad

on the di rimgidgement €SolfAgr A6 tosthendt du3RiHaAt 86vsané 1daiigl @iadizag Tirdge.
Second, due to the wedge shape created between aft end 35 and end wall 38 25
n

dirt will felosma combinpdienisedigathe pmouwteqf dint dikelydeseachdhe holes ?irpmg‘bnent dt ube
o1 uggi ng_ e SREGEP ol MEVERT AindbPRBCL RS bR BRI Suc, "

i npi ngenent t ub&npAaglkiomeadirédbetweantht bad wall88eint $hd €5 end 39uf the oakr sect i onal
area adj acent. the | eading, edge than there is_adjacent the aft _end edge. As

can be JapphRRungamsat fubg pop s preferablydishpesnZ) and oy [yoRembimgnt, ¢ he
radially i I TPt Il . aﬁﬂéﬁ ' .+ laner source
26 pr ov?de@gghélkqu%éeh?q\g%p&réﬂg@ t@%otfléf %‘gglggrsngo t é‘kﬁh@a‘i’j‘?}%ﬂé‘%&“’?y}?t han it
does to theotdergeredowgidtoldfeciithd epoling airfldivathtough the impingement28bes ufpht i es nore
-5 1 npi ngenent oling air to.the aft end 35 than i{ does the | eading edge
34. These a‘@i%?%ﬁ%‘ﬂ“ﬁg?ﬂﬂﬁ?ﬁ‘é@%ﬂaﬁﬂ%% ltt‘hémg\‘(ﬁ]ﬁﬁ%' of dirt likely to reach
the hol es 25 angnddine fobIBR dié‘&ﬁ'éeﬁ%@@&ﬁ aQlireb 28, ¥ e@i%ﬁﬁiaﬁr tigb iy er

i npi ngenent tube portion 36. An angle A neasured t wee e end |1 38 and
t he afl0 enof iBfpingentehtaiobiting dirEctedrioi the &rading etlghd4 phHiheivene 36 i s preferably

between 20 and 60. In . one enpodi pent.,. the angle is : is inportant that
the angle is sn%gl"ree{;%\?&ﬁ @%E?%F{%&fﬂﬂwpd‘? ,nbﬂ’tbes i%?n‘i %Q'ge enough to
affect the cool Wigleah'thé @QWcloBéPBodiiRnt tHRI GHRIGKRIN 38 Whe 42The gﬁﬁéwilf of the
inner portion end 42 wall is parallel to end wall 38. Thus, the problem

di scussed plbaare other sHiapasstoe dhe Thpingement tubeepartiony hat aoould taghieye thé

i npi ngenent _.ai r Jpei directed to. t | eadi dge.34 of the vaneg 24. Figure
S Phove T OrUEF T8 AreseirtikEdrsi e SRt i8¢ Seichine® i W BRR0R " e

di scl oped weRadonRRWitHih thedldopd\d this id@n@ibal 42 are general ly planar, other
shapes for the inpingenment tube portions that would achieve the volune flow

char act eri st i csindéhec abayedembedimentsn dieo inneh eand eaiiten podions srelifoxmed g8 at i on

separate pieces. Figure 4 shows an embodiment wherein the outer portion 202 and

inner portion 204 of an impingement tube are formed as a single piece. A single
wall 206 provides the characteristics as mentioned above.

20 While the invention is disclosed in a vane, it would have potential
application in other turbine components that receive both inner and outer cooling air
flows. Examples may include burner liners, flame holders, turbine exhaust cases,
etc.

Although a preferred embodiment of this invention has been disclosed, a

25  worker of ordinary skill in this art would recognize that certain modifications would
come within the scope of this invention. For that reason, the following claims

should be studied to determine the tru’e scope and content of this invention.



15 would conme within the scope of this invention. In the above enbodi nents,
the inner and outer portions are fornmed as separate pieces. Figure 4 shows
an enbodi rent wherein the outer portion 202 and inner portion 204 of an

i npi ngenent tube are formed as a single piece. Asingle wall 206 provides

the characteristics as nentioned abgyaaAlIM® Wiile the invention is disclosed
in a vane, it would have potential ~application in other turbine conponents
that receive both inner and outer cooling air flows. Exanples nmay include

burner |iners, R#%ﬁ?ﬂ??k?ﬁééﬂDBH@ﬁFﬁghexha“St cases, etc. Although a

preferred enbodi S 1 nv has been disclosed, a 25 worker of
ordi nary skill atledshbse mitdr foptdtatingeabogird ceatrhhadis;cert ai n nodi fi cati ons woul d
come within the scope of this, jnvention. For, that reason, the_ follqw ng

clai ms 2 shoul d Bleleast e das SR HaxBe hisading edes aph e tatkingetacestidof this
i nvention. . : i i 1S b N : rotor for
vMeQ@vﬂ'nﬁtarﬁ al?tﬁygnﬁegem ﬂﬁ)ee{afﬁcgﬁ é%mﬂiﬁg ,Qﬁge,.agald gﬁéh%%t

rotating about a ce 5 at least one van aid v aving a
| eadi ng edgbedmting arleadingigdgeiged amaaftl endaspecede frenv said landingedpgamént t ube

adj acent sai d | eadjng.edge, said inpingement tube having a |eading edge and
an aft end%@ﬁﬁﬁﬁP4v%H?%gﬁﬁ(ﬁgﬂgﬁ’ngedge and towards said trailing edge of
sai d vane; an oW @fteflalr DRHEeBr HRECtRHe £C frbMTa fdially QitbRloCAAInkY sqyt er

| ocation into said 10 inpingenment tube, and an inner air source for
di rect 1g wnpingement dubeadind| dnyinnemair sownse o1 diredtimgoais &ioth arrpdiale merer t ube;

and said ippingenent .t ube incl uding radially outer portion and a radially
i nner  por H%Btrluoql O[Wig?r_ﬂweéﬁngﬁﬁ?’ ?‘rﬁlner portion receiving air fromsaid
i nner air sour ceaj@fdlpingéhéhtrtatt kluding RdialQouted PortRmeind N@AdaAlly ihiepm sai d

outer air source, sald radially inner 15 and outer portions having
i Npi ngenmenporéipp, Wish saidfragially tnaer pergon mexieiiargrainfrom paid gnngr agsopxce@nd adj acent

said | eading,e of .sai d.vane,. and. I t said radiall ut.er. ortion
bei ng cont o Fatr b ReRio R G BRai o SR s s R erneld B Simd o car o
15  and outer portions having impingement air holes for directing impingement air to a
position adjacent said leading edge of said vane, and at least said radially outer
portion being configured to direct a greater volume of impingement air toward said

aft end of said vane than the volume directed toward said leading edge.

20 2. The gas turbine engine as set forth in claim 1, wherein said radially inner
portion directs a greater volume of impingement airflow toward said leading edge of

said vane than it does toward said aft end.

3. The gas turbine engine as set forth in claim 2, wherein both said radially

25  outer and radially inner portions have end walls.

4. The gas turbine engine as set forth in claim 3, wherein said end wall of said
radially outer portion being angled from said leading edge toward said aft end in a
radially inner direction such that a leading edge of said radially outer portion is

30 shorter than said aft end.



aft end of said vane than the volune directed toward said | eadi ng edge. 20
2. The gas turbine engine as set forth in claiml, wherein said radially
inner portion directs a greater volume of inpingenent airflow toward said

| eadi ng edge of said vane than it does toward said aft end. 3. The gas
turbine engine ghe$8d tBink Rngifle 64 84tTorh iVCIBIE UNwhElelh $4d end ddi1drls¥ia 25 outer
and radially inner portions have end walls. 4. The gas turbine engine as set
forth in cradialy3inneihpartipm being dngled fvomh saidfleasiingiedgeddivatd saidaft end port i on

bei ng angl ed..f.rom sai.d_|.eadin ge.taward.said aft in a _radially inner
i r oot on SUuADE Minp® gruf iR (BCE Rl St 0f st pelie it peftB B a0
shorter thgshgeathdn afat epdd. -7 5. The gas turbine engine as set forth in
claim4, wherein said end wall of said radially inner portion being angled
from sa? d | eadi ng edge toward said aft end in a radially inner direction
such t hat | eads ' ' l.aner 1i.0n J ..than a
aft end 50, - TibeaastPanplndR g LA IR Sl RRbY' R ol wliBRRS 170 7
end wal | s eddisibi uter péltiah layid Ruideradially tiresn pafibrs e hehadilflplayallenweeachor tion
are generally parallel to each other. 10 7. The gas turbine engi ne as set
forth in cPHi® 4, wherein an angle between said end wall and said aft end
of said radially outer portion is between 20 and 60 . 8. The gas turbine
engine as set forth in claiml1, wherein said radially outer portion and
sai d radi a7l y i Mhegapmrhino anginead set frth insclamph vdteecipar argle bitwedn sdidle gas
turbi ne engipe gs set, forth in.¢cla.m1, wherein sajd radjal uter portion
and said r 568 Sllaﬁ;?n‘i? ﬁ%é@ﬁﬁafgpf sid ﬁﬂy&%&o&yn&s%@eﬁﬁ% @1@0 %0. A turbine
conponent conprising: 20 a body having a | eading edge and a trailing edge,
said body having a radially outer edge and a radially inner edge;

8. The gas turbine engine as set forth in claim 1, wherein said radially outer

portion and said radially inner portion are formed as separate pieces.

15
9. The gas turbine engine as set forth in claim 1, wherein said radially outer
portion and said radially inner portion are formed as a single piece.
10. A turbine component comprising:

20 a body having a leading edge and a trailing edge, said body having a radially

outer edge and a radially inner edge;
an impingement tube receiving within said body and including a radially
outer portion and a radially inner portion, with said radially inner portion for
receiving air from a radially inner source and said radially outer portion for
25  receiving air from a radially outer source, said radially inner and outer portions
having impingement air holes for directing impingement air to a position adjacent
said leading edge of said body, and at least said radially outer portion being
configured to direct a greater volume of impingement air to a aft end, spaced from
said leading edge and in a direction toward said trailing edge of said body, than is

30  directed toward said leading edge.



an i npingenment tube receiving within said body and including a radially
outer portion and a radially inner portion, with said radially inner portion
for receiving air froma radially inner source and said radially outer
portion for 25 receiving air froma radially outer source, said radially
inner and oqut er ThetirbieSonipadmeériGs iseifofty éfrelaim aif wihede@ssdidbodly fsecvdneg

i npi ngenent, ai.r to a position adjacent said |eading edge of said body, and
at | east sa@if®ikadially outer portion being configured to direct a greater
vol une of inpingenent air to a aft end, spaced from said |eading edge and
in a direction toward said trailing edge of said body, than is 30 directed
toward sai d2] eadhadubigecomp®ndrit. asTHee farthr ini clainc bhpwinerein sagl sdialliyanndr i n cl ai m
10, whepein said.body is a vane jrfoil. 12. _The turbi C opent_ as set
forth it cPaien fireciiherentst olime pouFriRgspirh Asflow SowdilispisiepiPR o488 of gr eat er
vol ume of iuivageiBRtt ks fowiw thiardagal d | eadi ng edge of said vane than it

does toward said aft end. 13. The turbine conponent as set forth in claim
12, wherein both said radially outer and radially inner portions have end

wal I's. 10 . The turbine conponent as set forth in clajm13 erein said
ond wal | oft3sa dhe e SopRPR: Spist forth ekl 1ny ety Pl Sid BRIS g edge
toward sai duRf bn®Rdially ifher paHiodk h¥ve ¢nastaldi rection such that said | eading
edge of said radially outer portion is shorter than said second end. 15 15.

The tul®i ne conponent as set forth in claim14, wherein said end wall of

aft Cend inid Y THPRpRRIchinBOnctia e i kit TR, S eloin SR L w80 Sar
radial |y i padllyp@ter Sottibs being i@igled tfsw ssidilehdadd edprttowdfll sedd afflead tinabi ne

component as set forth in claim15, wherein said end walls of =
radially inner direction such that said leading edge of said radially outer portion is

shorter than said second end.

15
15.  The turbine component as set forth in claim 14, wherein said end wall of said
radially inner portion being angled from said leading edge toward said aft end in a
radially inner direction such that said leading edge of said radially inner portion is
longer than said aft end.

20

16.  The turbine component as set forth in claim 15, wherein said end walls of
said radially outer portion and said radially inner portion are generally parallel to

each other.

25 17.  The turbine component as set forth in claim 14, wherein an angle between
said end wall and said second end of said radially outer portion is between 20° and
60°.

18.  The turbine component as set forth in claim 10, wherein said radially outer

30 portion and said radially inner portion are formed as two separate pieces.



said radially outer portion and said radially inner portion are generally
parallel to each other. 25 17. The turbi ne conponent as set forth in claim
14, wherein an angle between said end wall and said second end of said
radially outer portion is between 20 and 60. 18. The turbi ne conponent as
set forth 19 cl Thenulbine wb@HEHcHt Adisét fortHiiRlclafmON, &hercdR) siidrrhdially at@r sai d
radially inner portion are fornmed as two separate pieces. -9 19. The turbine
conponent Betigeang sid radiallydnagrpontion agm fqrated as aiseleaiee® | y outer portion and
said radially inner portion are formed as a single piece. 20. A nethod of
reducing dirt flow toward a | eading edge of a hollow airfoil 5 conprising
the steps 20.: (A)mpthodiodiredpcingadirt flow, towar ardeadiny edpgenefha holibw aitfoihi n sai d
airfoil, with a.radiall uter inpingement tube portion and a radially inner
i npi ngeiren@f?wgfg*aﬁepéﬂf directing a radially outer air source into said
radially outer yypi nGRURAg a bith, R bl ipingdfleliIRCMIE Bid AbA] hith | nner
source into said’radially Tnner 10 I npihgénent tube portion; and (2)
shapi ng saa dadialtyeputenpinpigpgement tubd@opmmt arwina sadifllyt rer impimgamentzebe di rt

novi ng toward a |.eadi ng e of 'sai.d radi ally outer .inpingement tube
oo Cortien diFafne% SAMTy S il A% b eSSl B SRR | o
sai d radi ajyby pérﬁoﬁ’,Utaﬁa ili&*é&tiﬂgeﬁmfhhiaﬂllybﬁnﬁpfidu% oS Bﬁ@efjadw@h itdeat a

greater volume of airflowis directed fromsaid radially outef source to a
aft endd of impingenrend fubelppritom; and | npi ngerment tube portion that is spaced

;g\é\/gr datraili edscix%ppnfg saft gut:éll'r {mf;iglgcl.mentt r%uat')’]e p(')rﬁorq 'sué C%h%g ittr?linsn%ﬁz%sl eading

dirt moving toward a leading edge of said radially outer impingement tube portion.

21.  The method as set forth in claim 20, wherein an end wall of said radially
15 outer impingement tube portion is shaped such that a greater volume of airflow is
directed from said radially outer source to a aft end of said radially outer
impingement tube portion that is spaced toward a trailing edge of said air foil, than

is directed to said leading edge.
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