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‘Sept enber 2002 FIELD OF THE | NVENTI ON The present invention relates to gas

t'ur bi ne engi nes ' arly to cooling the shroud assenbly surroundi ng
the rotor in thﬁ@ﬂ““ﬁ@@“&ﬂﬁ“re turbi ne section of a gas turbine engine.
BACKGROUND OF T To increase the efficiency 04SQ@§"FGF@&H%

engi nes, a known app¥d4th is to raise the turbine operating tenperature. As
operating tenperatures are increased,_the thermal limts of certain engine

conponents may be exceeded, resulting in material failure or, at the

| east, reduced service lddf®yud & N CE ¥ N&geaskd thernal ﬂm‘ﬂmm&(ﬂ@wum

and contraction of these conponep RINKEE affects cl earance
interfitting relationships with other conponents of different ther neloooo2*
coefficients of expansion. Consequently, these conponents nust be cooled to

avoi d potential |y danagi ng ceRgeaueRCegraliNGERYabRd operating tenperatures.
It is common practice then to extract fromthe nain airstreama portion of

the conpressed air affhehePBESRRE oinyent ihpredasest okocads nfupripeses. So

as not to aa@q%&%&%%ﬁh%%?n td) 8881 DR ORBIAt gL f i SSRBY
achi eved through higher operating fenperatures, the anmount OF Kt ract ed
cool i ng ai susEeUNdipg hdihe t Fethml in peklent Ayshof PrRassuseal twgbine

ai rstream gThir§ o€ rEyddhatyddiqe@idie air be utilized with utnost
efficiency in order to nmaintain the tenperatures of these conponents wthin
safe [imts. One gas turbine conponent which is subjected to extrenely high

tenperatures is the shroudsRSRERGYNDWIFCFHE INVENTION

To increase the efficiency of gas turbine
engines, a known approach 1is to raise the turbine
operating temperature. As operating témperatures are
increased, the thermal limits of <certain engine
components may be exceeded, resulting in material failure
or, at the very least, reduced service 1life. In
addition, the increased thermal expansion and contraction
of these components adversely affects clearances and
their interfitting relationships with other components of
different thermal coefficients of expansion.
Consequently, these components must be cooled to avoid
potentially damaging consequences at elevated operating
temperatures. It is common practice then to extract from
the main airstream-a portion of the compressed air at the
output of the compressor for cooling purposes. So as not
to unduly compromise the gain in engine operating
efficiency achieved through higher operating
temperatures, the amount of extracted cooling air should
be held to a small percentage of the total main
airstream. This requires that the cooling air be
utilized with utmost efficiency in order to maintain the
temperatures of these components within safe limits.

One gas turbine component which is subjected to
extremely high temperatures is the shroud assembly which



4, Septenber 2002 - 2 is located i medi ately downstream of the high

' préessure turbine nozzle. The shroud assenbly closely surrounds the rotor of
the High pressure turbine and thus defines the outer boundary of the
extrenely high tenperature, energized gas stream fl ow ng Ehrto%%h é hi gh
pressure turbine. Adequate cooling of the shroud assenbl‘il PRICARER y to
prevent part failure and to nmaintain proper clearance with the rotor bl ades
of the high pressure turbine. Furthernore, during engine operation the aft
corners of the shroud are the hottest ?pa‘rts of the shroud. The aft corners
are exposed to hot conbustion gases that |eak between adjacent shroud

secti ons. 1A skpcaked afifmesk Yar dosnpbseant @ thothgt hdgils, Psessugieons of
Local |y | RegA%ed §azzeTPer Shar ST T ESUbALYY WISk £ ORMlLbaRySAr ound
the circunference of the conmpustor. cessive tenperatures 1 n the shroud
can resul thien xit@udofi sheedsigh neressere shnshineeaitayethusddeddoesd engi ne
per f or mange. [.C e yéap@ag' uralj r oud
hanger s vﬁ?gh%%ggguz%%ﬁéﬁr%?tﬁggengl ne n(\)u r%(::"gshe g%}rngg\ﬁ%{tgﬁgi’n turn
support aeplengilZed/ gasstatmeameflowing TWhratghutheedtiginspaeesheied in

pl ace, in i DYy a r I s e A urgl J of te r.etainers
commonl y rte erirneeg’ ton%élé@#:épscgﬁlggurgifzegﬂéooﬂ%%ddai rasfy;e%fbraljtfod%ced

t hr ough neteceisspipltss poeventi pathe faldlogre Rathets maibbéaihe ppopeuns

di sposed t e ou a a ShEo egli Qns baffl e
pl enuns ar%é‘e\g% :krﬁzteetd] B@Q%angg apr}gg%af Pﬁgtglé%fflgﬁe%% ?ﬁL@q‘ﬂa é:g:;g.?lq:lzeach
baffl e is tyunbdinded wWith a plurality of perforations through which streans

of air are directed |, nge : | i nt ' t ack..or

radi ally outer surfaégg%é{@e{%sggcﬁ%éﬁgg éﬁg%fég sﬁ%f%\#&‘ Elﬁée)pt léfrtr:ber 2002
- 3 To achimersomfecthen sbitoudoobdiag, thée dtttesk sqritons off e hreovi ded
with a pl I of SS S i h ugh, I
perforati :)y;}ll?dakfrdé' J U(}‘IBCI o%gfycgg.élg?lgo%oé sggﬁggégt q{%eﬂ-‘lgﬁpi%§é%#§rﬁiocnool i ng
air cont aggases ttiwatthieak betweens adjacenthrsturgud heeptitenges tAdswm,ovi de

. . H . h . i .
oxiting (RESREE S ndRl FreRRSERY’ PRonot BrRIRSE oF SR & e
shroud sedidamisly oinffeasdefli Igascodnperafutdeashmoues e elfermrevert t he

hr oud Whi oh . , . n thi ‘
s the ar SO {UhEq AR cries “FLECHHELEChRET f GHEHS . e AIeTEN
t enper at uibscassl Ve atenpe vayeuhest ingthadshoeudbkenf zielswle din tdherdisd i p.

Accor di ngl y., i o] r enbly wi i oved. cool i ng of
the C ol Uy Pt e PR T BRE T atel b BRI D,
t he presergesfoammanod. i n which i npingenent cooling air is directed onto the
C-clips through one pr 09l 1 hol r; h t i, | of

t he shroud secti ons.ﬁP’f’gég?lﬁzgékgggl ?ﬁgag\;rﬂlrggfnh?r%%%ceadrhelo‘ﬂo%]f#%

pl enuns t rHughroeder hangénsewHichredren suppehtedd framyethesgppine ng t he
shroud sect,] . The cqalin es, ext axially thro ro
section afcgd‘?éz;fl c’ian@'efl ai 8 cgtﬁ’rﬁrﬁghi c%art?i Otﬁ.ﬂ:\%x t )r%"“?k’é%ﬁaf %I gggﬁ‘%%ﬁ%r‘ép ‘Icﬁfei

cool i ng hodlesowd eseotiond.r adihe |shyowdr sikgtiowsn ahe heddwdrdiylase endi ng
fl ange of rag,!l ' LS .e y G113, i Lect
cool ing ai %&3’%%{ I @oﬁﬁgh?ﬁgh% ?%igiﬂtegr ottrhh(;% golo ﬂlaﬁ'gi‘éfr@frr%f%lgéeésgon t he
base of theetaiheps icommomiyt reetesredt tar dsonCtobipaboardressierbtedhe

one of mor RSP ER. SF, 4, PR FuERA, Thotdlign Ao Prihd HTi e gpRad o

in the shroud hangers to baffle plenums disposed between

the shroud hangers and the shroud sections. These baffle
plenums are defined by pan-shaped baffles affixed to the
hangers. Each baffle is provided with a plurality of
perforations through which streams of air are directed
into impingement <cooling contact with the back or
radially outer surface of the associated shroud section.



4 Septenber 2002 - 4 sections are arranged to inpingement cool the aft
‘corners of the shroud and to pressurize the aft cavity between the base of
the shroud section and the C-clip in order to prevent hot gas |ngest|on and
consequent overheating of the aft corners of the shroud. ¢§%ﬁ‘ gés and
advant ages of the present invention will becone apparent n rea Ing the

follow ng detail ed description and the appended cl ai ns mnth reference to
the acconpanying draw ngs. DESCRI PTI ON,OE THE DRAW NGS The subject matter
which is regarded as the invention is 8art|cularly poi nted out and

distinctly cl dipth | udi t h f Th
nventi on’ however , TRy SEBTASE CORVEEELot Y19 craPERRS! { § e b ng

descri pti ofled tdems i naﬁ@nj pRoviaadwi Whthheaacpomranwtw 6rfaV\ﬂp’t€S§dq¥H es in

which: FIG 1 is,an axial sectiagnal w of hr oud construct ed
in accor defeeRFIRI ¢ é‘?ﬁ%@éﬁ?u‘?lﬁvent |T§T‘F ﬁ% i PEF vy &% shroud

section sepidididhéd ¢~ p5|s§5t13nb& FuckxittHatseehe ommbmgere{eﬁft ool g
assenbly constructed in acc dangé with an alternagfive enbod |nent of t he

present i At iR Lagiing gt OYfansSEFELPRF of Lo S udRERYgh, th

const ruct qsiaséla@égormncg&dwdé agodveetiahl veosbagi nent a{et%w&ﬁent

I nvention gondln ref erence qynerals refer to |ike parts throughout
t he severa’re‘WLﬂ% of thdhgr afafjiection cooling air exiting the

passages then flows along the radially inner surfaces of
the shroud sections to afford film cooling of the shroud.
One element of the shroud assembly which does not receive
direct cooling in this arrangement is the aforementioned
C-clip. The result is that high operating temperatures
can lead to overheating and possible failure of the C-
clip. Accordingly, there is a need for a shroud assembly
with improved cooling of the C-clip.

SUMMARY OF THE INVENTION

The above-mentioned needs are met by the
present invention in which impingement cooling air is
directed onto the C-clips throuéh. one or more cooling
holes formed through the aft rail of the shroud sections.
Pressurized cooling air is introduced to baffle plenums
through metering holes formed in the shroud hangers
supporting the shroud sections. The cooling holes extend
axially through the shroud section aft rail in fluid
communication with the baffle plenums. The cooling holes
are located radially inwardly from the rearwardly
extending flange of the aft rail which is engaged by the
C-clip, so as to direct cooling air directly onto the C-
clip. After the cooling air impinges on the base of the
C-clip, it then travels aftward on the inboard side of
the C-clip to provide convection cooling of the C-clip.

In another embodiment, one or more of the
cooling holes formed in the aft rail of the shroud



4 Septenber 2002 - 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The shroud
"assenbly of the present invention, generally indicated at 10 in FIG 1, is
di sposed in closely surrounding relation with turbine blades 12 carried by
the rotor (not shown) in the high pressure turbine secti a5epfenihed2802 ur bi ne
engi ne. A turbine nozzle, generally indicated at 14, includes a plurality
of vanes 16 affixed to an outer band 18 for directing the nain or core

engi ne gas stream indicated by arrow 420_Lfromthe conmbustor (not shown)

t hrough the high pressure turbine section to drive the rotor in traditional

fashion. Shrqud _assenbly 10 in Iéjde (1};: éojﬁg in ége égr mfgf an_annul ar
array of §|’35% @%MOJ%%QQ%(%S,OOM érﬁ ch? iE efl tc?f,ne\ﬂ“?ich are
Gener a1 15 nck ot o o o o Rt ek by Phe oo he. Ut er
case, gendfd BRI ALARY Shrogd W%"%e@?‘;i@ﬁlgfcggehxﬁaﬁﬁgﬁrséé’ti on
! nfl udelsI @J'r_efv;érrﬂ: omoupts;fa?egmg@ébﬁio% éﬁdl @g;@feT ntdod\féﬂ!i'@@ﬁlﬁéi |of_38 g
integrally_ interconnected by ody pane : ore rai,l is provjde
with a redbfar AF exdMELR ﬂafang’jg‘em PUR 1 adi §I‘2F’§rov8 H85Esa P8hardl y
ggt endi ng afd_mg.ead s C@f:tﬁd_ brfhbﬁtougﬂxemm vlﬁiml nbi38om?t a{sﬁdﬂe@atﬂtange f
, is received in no [ ange 0,anqul ar cate sition o
each hangé’rposf’ec’f?%ﬂfngi ﬁ%iear{]?/l,i‘?‘ﬁ%‘%f éei:é?'ieas C%rsd%/ﬁi&&d'% t AR war dl y
ext endi ng dgpEigiedt0 éDafndi aliyhovealdfaeint® r et | EReW Gkcmpamyand v
extendi ng outer case flange 42 for the support of the hanger sections from
the engi nEfTAW 9% ase. Each shroud section 22 is provided with a base 44

having radially outerwardly extending fore and aft rails 46 and 48,

respectively. These rails_are 'toi ned bé radi al lé out wardly extendi ng and
angul arly spaced side 4PBERPRERBEPN2BP2THEGDRAWINGS50, best seen in FIG

2, to provide a shropile S@G{j¥EtCaMbtYe?? wiEWUG sSeebyaRdbar €asaithd6 IS
provided with a forwardly extending flange 54 which overlaps a flange 56
rear war dl y-RSaERRhg ¥$ orB 3 i RPed r Qut 2@nd  SisidRGHlY

radial l'y idwpined rofn £hangendfudfng! page 88 exeerpeciTaca®idny, f roua hanger
section aft rail 30 at a location radially inwardly fromflange 40 and is
hel d in | dfpeRt i at PeWeXREn R[/AYinBRr PESty YndsnEterd r BYr ReTRELNSE endi ng
from shroug sesll Ofo Plbwing! qbddBiptidaNeCtakéN A UabRIGRERLBRT WA IDf
C-shaped cross section, comonly referred to as a G-clip. This retainer may
take the fidienagcomRanyiRgr dravingnfioyeest bp WRéFRal expansion or may be
conprised by nul tiplgr@lcyaties rotahnens. sBctIdiAL GAldw edfby therdianger
sections, are received in notches 66 (FIG 2) in the fore rail shroud
section flaFRmobY teongtauctede dRr oagcoEdanss amddbar B tREAZeRS
supported {Wdheibanger sections) Pan-shaped baffles 68 are affixed at
their brims 70 to the_han er sections 24 by suitable neans, such as
brazing, at angul arl ?Igpaged-sp@siﬂli%hs"‘s%h#hat sRIPNC |SeGti Qg een | v

di sposed iy eped®, sfkoud section cavity 52. Each baffle thus defines, with
the hanger section to which it is affixed, a baffle plenum 72. In practice,

each hanger section F&§.mounks t afedxdplofecidanadnsvie afpadr rsreddti on

consi sti Nga §femP1 g€ LAristrliered!t iinl | YcsppaadcOaiiltds 88 #leepsservat ed
wi th each shroud Section. Each baffle plenum 72 then serves a conpl enent of

three baf f¢BROGMEeRRr 8€ SheoRYeSERL dAYENLlgR/pABSsure cooling air

extracted fromthe ogggut #f s CQMHEARCrv{&W! Fhown) sheBad atet¥ighead of
t he conbustor is routed to an annul ar nozzle plenum 74 from which cooling

air is foreeBstrustedcHhAFIRrARGRINTLER 088N &Nty Y| @BPT81BEBYI ded in
the hangerpgeghbOprb8efit invention.

Corresponding reference numerals refer to like
parts throughout the several views of the drawings.



4 Sept enber 2002 7 _rails 28. It wll be noted the nmetering holes 76

' convey cooling ai r directly fromthe nozzle plenumto the baffle plenuns to
m nim ze | eakage | osses. Fromthe baffle plenuns high pressure air is
forced through perforations 78 in the baffles as cool i ngq@&ehfhiR®2B02

i mpi nging on the back or radially outer surfaces 44a of the shroud section
bases 44. The inpingenent cooling air then flows through a plurality of

el ongat ed passages 80 through the shrogd section bases 44 to provide
convection cooling of the shroud. Upon exiting these convection cooling

passages, cooling ai stream al ong t he
front or radially i rﬁlEé‘{Ai;}ﬂ aces&gfﬁy?w#; éﬁfom’gﬁons to further
provide filmcooli n@haf sheosdr asgembiy baf f thepgpfeseait odavédtdna,t he
convection cooli passage 0 aje ovi ded._i.n cordancg with ,

pr edet er nﬁﬁ&?rla&rc]%ti bﬁabgﬁisan 2t L?qu r d‘t“edggh‘F?ﬁx 2$o dg'ssp[%serixilﬁi ze the
efffacts O&,ﬁmﬁa@ C(yﬁiﬂmﬁmﬁmﬁﬁ_ : &qleatldﬁmiwmneh nturBD?éecbladeénd 1Ei I E1
cool i ng, ic t the sane tine imze t nou of, conpressor hig
pressure GGG PY Wi F%hOFo%%t arf “'Eﬁr g‘dh Eéﬁpé?’aq r BE SRiSHfen

t ol er abl e thiriine é@cseen | 0fFl5 gas t harbonat i engpaét er npf ontuwlh@r ations
78 in the bottom wal l

affle 68 are nthre erforations
each. It POZFdad TRRAET lgﬁp pgdicesen, ate ?OWlﬁ’fﬁ‘t"‘@(r)erF of 5’ 8&% Yons at
m d- | eggt bffcoxaiwr?dlmé af £ ixed Sﬂlf)tm immmeeﬂfbmdlnger EeraiQétQﬁﬂH'lgHeadl ally
outwardly from shroud section base 4 The cool.ing, ai,rstreans
through t FEdd® HRF ¢ Gﬁﬁﬁal?n%ﬁ?? oP&fi Osﬁ'srqqr'xbl nb’édi)ﬁggﬁfio bﬁﬁﬁ°§u%\flgace 443
general | y foeat thH@i @@&Bﬁﬁtoﬁoqhblﬁg soeay NMefesant ee bliighr pressite The
bottomwal |l perforati oni are i ci,ousl yl_%oa tioned such that, the

i mpi ngemert® %&d $§rb ?I“suFJF’acél r3V&as r FEOF9) 1y oitd Lonad s 80a
of convectfa®hieapl i ng passages 80 Consequently 4 Septenber 2002

virtually no inping oolln o es strea dir Iy into
t he convection cool |5§ﬁ;"$’éé 2‘{'? 3+ Pg%m?nt EEB ang‘“?)f ttq'}?e shr oud
[ fs max:c m Zetkm ASE seﬁnannﬁEbGSgrtaleytlwdarz ,atbeataf éhgouchsud:elalom@dl tdrm;al rows
of per oratlons 78a i n.the_side s 71 .aqgj acent tom wa Q9 t i rect
rof ngeme AR ) FaLeRESe SEG 2z M r1e chelS5: Fand tomant i one
_beéI ween Zfﬁxﬂuéinﬁ&l?&r(;é&rﬁﬁsﬁ difl aﬁduhbé fsm@lucafhaw@h:h ﬁsdegliankssh dife

i ndi cate ar r ows ngenment coolin t he shroud at .t e

it T ot y SRRSTAHE PR LEatednRt Aar SBAnaLEt oA NeuAtEn AP EIRE S oud
rails intaHdeeh ng@r o@&@ﬂ%ﬁep%@néﬁalﬁ?uﬁ.ﬁda.cﬁhﬂeﬁ het 26ondueddedn i s

further reduced ar g| t he nor nal hi_ni n elief in the radially
out er surfsé%,"eCjo? d i ehf?é1 &t Fﬁg’l% ig‘?ilﬂest hils %%H%m% t he

contact suigseeat cardEl Wezd tdnd famngef andhaniswndt rewe 518a1ll e ing
heat conduct,i on i

d t t ant
factor |'n IRSSTEs bl o LB RoEERBRESEan e vt RO BACadn 8 ari HOTEr b ne
bl ades 12.rdbwever ,pmmédxcmlthmaeaehewhrdqqdmttamm@ fnasgee 34

over heatin the .G 62. Overheating of the C-cli an | e
failure of"%?:ﬁ%h phAAl aﬁ'llr AR LIRS & tﬁ?"%‘f‘?é:%yes%ﬁ‘fe?ﬂgﬁﬂtl a:?? ng air
IS provi deﬁhﬂti@at by ttmé heuteg! icase? thaopdh B8 usthkeyd dfo cDde@g hol es
63 forned %g I]%aft r 48, of the sqaoud S tlon 2% ghe COOl% g hol es 63
extend axiaPty gece Xf"gl 1 #o RRECRXILD o ?Bgﬁtl h 5P 1 ATt b he
rotor) thrpogatef H:hl’ealﬁodlﬁtﬁnaofoﬁe&'fdmrhaix?@éﬁl Egcthoar.d 0$imh13aflgnge 60
so that coglin ir fr he shro ectiqn cavity 52 i Lrectly on
the base otf'h?h%% s‘I nPB?]%f%?i fr"'g'lj %58¥ﬁ§ﬁqu§ g’éﬁ% ?i‘iﬁ Yhol es
63 are 8pa£Bdnqerosw eanh shddigll bgct boar2appihygs eedavipmi rwith!| a
S Oni 1 cank Yo S4Y5° tendiR U et "hrGhge' Bo0%or thSEBUERBEL 2002
of the hanger sections from the engine outer case.
Each shroud section 22 is provided with a base
44 having radially outerwardly extending fore and aft
rails 46 and 48, respectively. These rails are joined by
radially outwardly extending and angularly spaced side



g 'In order to nbst effectively cool the C-clip, the air passing through
“the cooling holes 63 should be at the | owest tenperature possible before
flowng on the Cclip. As has been previously nentioned, the inpingenent
effect on the shroud base 44 is maxi m zed when the air flox &n(aéroiﬁoaaffle
perforations 78 does not flow directly into the entrances a of shroud
cooling holes 80. In order to nore effectively cool Cclip 62, baffle 68 is
provi ded with suppl enental cooling holes -90 arranged within the axially
rearward row of additional perforations 8a in baffle 68. In a preferred
enbodi ment of the invention, the positions of supplenental cooling holes 90
are careful rgilecab@ed Swests tsedre dhi ghéd.i n2a oie- treaoriede elaat ishmrshidp Wi t h

cool i ng hol aSU nt cool 4 les? WP, &l e | ar.ger, di t.er than
t he ot her hg?g@?ﬁ tﬁgbig& o?bberfoérlglstg?%%s a ]t%{ pré(;c{/rlede [l%Hclr eélgdggls
airfl ow. Suppbeidetal whthesad90fareapddyt i eréendanghatf lanalei ng4ai whith

hol e 90 1 0°EEnERS bl e aie ot SePrlrfavox Rliing "R ERIR n (e

surface of sketibnoutbraf trabll 248.atTha slpestiivs imadited 1yn dnwardpdssinbl e

heat i ng of ol4 ng aiy oreg, | - Cd.l 2. oling air
91 i npi ngestfg(r%n'fq%e jD‘g'se (ﬁ‘ ?%%Rggclsl%p,é’t(%%ﬁ&?r%\%(%I(}ggggtl\/\ﬁrgr%xﬁc?]ﬁgqe%board
si de of thes€ctliion taftprowvide3foatect ilmcatuiodn ngadialhy Chwkirdl yTHiront he
cool ing effegt upon  the C-cli.p 62 i m o t. her enbadi.ment  of
t he inventi gﬁ.,an S bélts?t gggci r}%FI el? gﬁ Fllé%g’ipggngggfr&ﬁ@f‘e aﬂ%ekﬂ &Bbl | ng
hol es 98 ar ankerindngn tfhengkt 68i | rd8reardhy séxtendimgt i o2 .shamaid ng

air fromthe shr.oud ti.on cayi 2 r I 98 and y be
directed on%gct é’lﬁafatste.\tgollranigr s‘?éio%y o? ?%Jégg%%%pﬁggpapge%%ﬁra&&&ﬁfyﬂ tCh€s
provi di ng i @pishggreshtcmess i secofon hecafmondyneefet®dd tod aSemt eIvelip002 -
10 The coold j f les I e o] ssurihze the
shroud aft éﬂg\r}'l%t ?éﬁéir?%lfégg]g orn@% B?gfﬁeggpla%ce e?l\'/\éeeﬁgé-gcl :i[%:hGZa and
t he base 44 gafp tfor dthexmhP2expanpiencar may beowonpristed dpustitipbases

into the aft WA J]OEZC ool i ng: I 98 TR S t i al al | el
to the axi alar%nét%e?’l ine al%%ero "t hertg"hﬁr?(;ugé‘is’ectl onr]g% ﬁcﬂ% i‘{és/% ?"[
paral | el to sewtiamy tack ne¢cakvedoint hetehgisnés dFIGhey )nayn Beheanfpee away

from the axis centgrlge Mdeiold hen ey dby opooutuardly {2 Ladia
pl ane, or toward or away fromthe axtal® Centerline ' a tangentia
direction, iseatridm tanglilart porsddsionizedscosuppgriéied f bgw tkenslyatmger
needed. Pr ef%@@i% g at | east one cooling hole 98 is arranged to fl ow
cooling air Aitec II‘y' onto one of the aft corners 100. To acconplish this,

the axis of the hol e 9Bansshapedd haffiheangb®, Jreeazfifbdedn &he thegenti al

directionfr&g%é e i et L 1 ; r i WS, T sin
the aft end 1 %f 7’?);1e ole 85%18?%5 f%‘%lic)lsée fglrat ﬁse&? %é/é;/: rlo%m ‘gggkgki al
centerline swzhtaanbraginhgre athdangglarlyhephsed PRsifienengsectty thatbe in

the range fr %??Ht 20 .de a 1. egree r y gle T
is in the ra%g}g. rom a Sut%%?aigg%egﬁ'#oa%o(ﬁt 9&5 %‘é‘é’&%‘%@ﬁ es%?g%gﬁabl Y,
the angle T ¢avibyt R randiaalt bbdfile3otheyr definesabowiths theyr basger
Preferably, i s.of o] i I pl ac a e measyr ed
in a plane r'Lé ?gﬁét’ottghgqlgrﬁg;iJfﬁd?%alasfaf%x?adf ?hggg%fangl%g%%h ﬁfat ?ﬂe aft
end 106 of theabbleed8 eachi dpasgerr siction i mey dmputrtomthireef osbrend 108

of the hole i der, [ r i igr 1 from i he lip 62
and di rectlygggggoﬁ e baéltsdg %14 gﬁgfﬁggshggﬁgiggct %&n tilr&:g aEr)lgl engr?g'y be
in the rangecirounfbventdaddyr epaced abaliflas G8gr oe #sedeiabeg, wilth

angle D is | BatfieshaBe 'Se¥Pidiolt gheh baBPLEPEnEROF2 thin serves a

complement of three baffles and three shroud sections.
High pressure cooling air extracted from the output of a
compressor (not shown) immediately ahead of the combustor
is routed to an annular nozzle plenum 74 from which
cooling air is forced into each baffle plenum through
metering holes 76 provided in the hanger section fore



degrees to about 7 degrees. Mre preferably, the angle Dis in the range
"from about 1.8 degrees to about 2 degrees. The quantity and size of cooling
hol es 98 are chosen to provide sufficient air to prevent hot gas ingestion
in the aft cavity 102 while maintaining sufficient backfl [l t he
cooling air to avoid causing hot gas ingestion into the sﬁ%%ﬁ%n%ﬁ@p@é 52.
In a preferred enbodi nent, an array of four holes 98 are used, of which all
four are disposed at the abovenentioneg angle D, while the two holes 98
nearest the aft corners 100 of the shréud 22 are disposed at the

abovenenti oned angl e T as well. Aternati veI% t he hol es 98 can be di sposed
in any coinsi e of Iinyidd PeafptRd -he MmekerthgohPhest /& KONHA®s 98
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pattern for cool1ng passages 80 Is generally in three rows, indicated by

| i nes 82, BleniHys 8¢ eBpaimizel yleakaged Msseshe phsemgethait lkafflgob. |1t
is seen t ri”ﬂréso' e S J Lgh {.C r illed,
and ext engﬁ.el n di rfelééﬁo ggéég%gd aﬁ'(eﬁ g{sﬁvgé%géghghgﬁﬁphe%aelf#g §Eeo’rfg
circunferehitn 8heebaifddesaras teroking apinstreansninphngisgewmndhe f or ds
the passagesck ebalLyglail ongutepobls eatblniibCaR! he0lstlta itk ddip base

t hi ckness, and 1 ncreases Their convection cooling surfaces. e nunber of
convect i orbas®$ i . pathagénpingenpat seoddngcadrsfbenarfilions ychrpugonpar ed

to prior S§ it LAg S, Aot i air
can be re%cgg.ﬁ%%%\#gaiﬁ\é\gso%?%%?v §§g§r§ ggr regnggh su tt ﬁfgt %‘?@out l ets
are | ocat eze¢hiome bastisal 4flortvar eroNddeureenreeation soodimgseofi dihdase 44.
As seen i 1, a0 f | Qi a 1 1af i 4
Sept enber Hotsnd’y, Ulorl L thd MeRLCE EDRECEISRIERIING Hagltedd, |
convect i orce@bingt e rroglowsr vegakryardl ynwitth; hehehmaddy bas isgpieafes upon
and cool s é%ﬁn@(‘;g{ﬁe bapdnd8 Hf Phﬁ*ﬂﬁ@?ﬁssi%f‘eﬂ $akealds anfsefl‘(@d these

o]

pur poses, t Ing alr mxed Wt e maln gas stream and flows al ong

t he base fshreudursiestdons to ffunkhesol proeider didm Rrobingagds ©herows 84
and 86 extgngd,through the shroud section bases 44 from back surface inlets
80a to front surface outlets 80b and convey i npi ngenent cooling air which

t hen serves to conve&hpohafddie therforanianporis oandf thige cPmvedtiopon

exiting th Sg%%s ol i j i gt i g tream and
flows al ongéﬂﬁgﬁga e r%i‘{?sﬁr@f a%:ggt ?r;c%v:?rﬁ&?aopht hh"t'lef't"{s}ﬁrr&og&{déjb I t@& vl\:n%] Igbe

not ed fronPFedetermhnedt Hoaedjimrn tpabterne idduisitrgtedssiyeElare Zkeoed awnay
fromthe diteghli f ithe in e LL.QW i by the high
pressure n%ézlgg \Q/I{aér’léelsmil% (%egﬁcé%)ng?q&gﬁtelgy ﬁ%%éﬁ%&g%'t hJé'Ebf gases
of this stimpingamenthe gereagftonf andwst Bumaggoddnan cdubchr fatowthe t he

cooling aikaj L AL ‘| j t t LpdiLcat ed
ot g5, ext Same, o pANinizd BT drbilns® OF ccliplod ity DRRGROBFesSOFL T,

i mpi ngemeneoedbhgngadrr AgquAredt htosi weinkainof shheuddj heoperaknsad
section. T, veahi Olyi o] ' rad | d 4 hegy, gPi

cool i ng ofntgﬁgggt Egrleg.i%gg'%r é‘li?‘ag%f'eac?% ﬁlﬁudﬁeﬂﬁbnﬁbeﬁgﬁ%?g?%agerve to

reduce heaPattednctfon wanfiapatians d8 rim| $hent bothemharel £ efigi ne
out er case digt i SRHE r SEEL ol i air
exiting thg?g?rl%m%:‘el g\%rs% iitrrlpg&&e?%ctl ons%gp%is’?rig to ?ﬁ%‘??%ﬁ?gfen??al
conponent 28a obtede hiat gas gepeasristénpihngthe encwr pR&tgxps BEt ween

shroud seopesdoraliichd * ot | Rl Nerghs cUInRdaiRG | ReERL a0 ghabobugases

into these gaps, S spots “at these i1 nter-shroud ations are
avoi ded. reigdpreing 202 8l13extending radially outwardly from
shroud section base 44. The cooling airstreams flowing

through these bottom wall perforations impinge on shroud
back surface 44a generally over impingement cooling areas
represented by circles 79. The bottom wall perforations
are Jjudiciously positioned such that the impingement
cooled shroud surface areas (circles 79) avoid the inlets
80a of convection cooling passages 80. Consequently,



. The foregoi ng has described a shroud assenbly having inproved cooling of
the retainer coomonly referred to as a C-clip and of the cavity disposed
between the dip and the shroud base. Wile specific enbodi ments of the

present invention have been described, it will be apparenf o, thos @gilled
in the art that various nodifications thereto can be nadea\ﬁe{"wa{hergg rting

fromthe spirit and scope of the invention as defined in the appended
cl ai ns. 4 Septenber 2002 -14 What is clainmed is: 1. A shroud section for
a gas turbine engine) said shroud sectBon conprising: a base having a fore
end and an aft end; a fore rail extending outwardly fromsaid base at said
fore end thwikrtedllyaing fimpinggmentveaglangr @iimefremdthegea stxeams end; an

oIt ral e sng e aUony dod e Bt lesro! soLdnd! paRtlgdy splq o2l

I OXi end and a 'having a

cool i ng hotleus$ oimpiinghmentncdpipogedfathanshnghd Ismpazimédedn a tangenti al
direction fromthe aﬁgal

cooling air directly at stel%g’n;ﬁ | t(;g(r?%g]; %S%;‘n%[ ?&r ggg ?géklﬁ%etjgrh%‘%gggect i on

of clai m lasdietbonadairdbwengb® perforatibesrdfge iof themsddewtald® deprees to

about 70 deggeegy 3 pIPEoRNAd 588 1ES Qlr8cl "o hgdnetifer SIS 5549 af
airstreams against the fillets 73 at the transitions
between shroud section base 44 and the fore, aft and side
ralls, as indicated by arrows 78b. By impingement
cooling the shroud at these uniformly distributed
locations, heat conduction out through the shroud rails
into the hanger and outer case is reduced. This heat
conduction is further reduced by enlarging the normal
machining relief in the radially outer surface of shroud
flange 60, as indicated at 61, thus reducing the contact
surface area between this flange and hanger flange 58.
Limiting heat conduction out into the shroud hanger and
outer case is an important factor in maintaining proper
clearance between the shroud and the turbine blades 12.

However, even such limited heat conduction can

produce overheating of the C-clip 62. Overheating of the
C-clip 62 can lead to failure of the part. 1In accordance
with the present invention, c¢ooling air is provided
directly to the C-clip 62 through a plurality of cooling
holes 63 formed in the aft rail 48 of the shroud section
22. The cooling holes 63 extend axially (i.e., parallel
to the axis of rotation of the turbine rotor) through aft
rail 48 at a location radially inward of the flange 60 so
that cooling air from the shroud section cavity 52
impinges directly on the base of the C-clip 62. 1In one
preferred embodiment, six cooling holes 63 are spaced
across each shroud section 22. This cooling air will
significantly reduce the temperature of the C-clip 62.



“additional hole.” 4. The shroud section of claimi1, 2 or 3, wherein said aft
rail has a plurality of additional cooling holes. 5. The shroud section of
claim1, 2, 3 or 4, wherein said aft rail has a flange extending fron1its
distal end, said cooling hole being |ocated between said gﬁﬁ ﬁ%ﬁ
flange. 6. The shroud section of any one of the preceding clalns reln
said cooling hole extends in a substantially fore-to-aft direction.

shroud assenbly for a gas turbine englpe havi ng a hi gh pressure turblne and
a rotor carrying a plurality of radially extendlng turbi ne bl ades, said
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clip. As has been previously mentioned, the impingement
effect on the shroud base 44 is maximized when the air
flowing from baffle perforations 78 does not flow
directly into the entrances 80a of shroud cooling holes
80. In order to more effectively cool C-clip 62, baffle
68 1is provided with supplemental cooling holes -90
arranged within the axially rearward row of additional
perforations 78a in baffle 68. In a preferred embodiment
of the invention, the positions of supplemental cooling
holes 90 are carefully located so as to be aligned in a
one-to-one relationship with cooling holes 63.
Supplemental cooling holes 90 are of larger diameter than
the other holes in the row of perforations 78a to provide
increased airflow. Supplemental holes 90 are positioned
so that cooling air 91 flowing out of the baffle 68
travels in a direct path from supplemental holes 90 to
cooling holes 63, with as little impingement as possible
on the surface of the shroud aft rail 48. This results
in the. minimum possible heating of the cooling air 91
before it flows onto C-clip 62. Cooling air 91 impinges
on the base of the C-clip, then travels aftward on the
inboard side of the C-clip to provide convection cooling
of the C-clip. Thus the cooling effect upon the C-clip
62 is maximized.

In another embodiment of the invention, as best
see in FIG. 3 and FIG. {4, one or more axial cooling
holes 98 are formed in the aft rail 48 of the shroud
section 22. Cooling ailr from the shroud section cavity
52 flows through holes 98 and may be directed onto the
aft corners 100 of the base 44 of the shroud 22, thus
providing impingement cooling of the aft corners 100.



sai d shroud asséenbly further conprising a pan-shaped baffle affixed at the
" briimto each shroud hanger so as to define a baffle plenum each shroud
"hanger including netering holes therein in fluid comrunication with the
corresponding baffle plenum wherein said shroud assenblystpichib@F 2002

i ncor porates supplenental holes |located in each baffle, said supplenental
hol es being in fluid comuni cation with both said baffle plenumand said

cool ing holes, and said suppl ement al | es being aligned with respect to
sai d cooling holes such that cool i ng r flowtravels in a substantially
direct path fromsaid su enment al s to sai d coqling holes. .AU AY;
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Preferably, least one cooling hole 98 is
arranged to flow cooling air directly onto one of the aft
corners 100. To accomplish this, the axis of the hole 98
is placed at an angle, T measured in the tangential
direction from the axial centerline 104 of the shroud 22.
This results in the aft end 106 of the hole 98 being
disposed further away from the axial centerline' 104 than
the fore end 108 of the hole 98. The angle T may be in
the range from about 20 degrees to about 70 degrees.
Preferably, the angle T is in the range from about 35
degrees to about 55 degrees. More preferably, the angle
T 1is 1in the range of about 39 degrees to about 44
degrees.

Preferably, the axis of the hole 98 is also
placed at an angle D measured in a plane radial to the
longitudinal axis of the engine, such that the aft end
106 of the hole 98 is disposed radially inwardly from the
fore end 108 of the hole 98 in order to direct cooling
air flow away from the C-clip 62 and directly upon the
base 44 of the shroud section 22. The angle D may be in
the range from about 0 degrees to about 45 degrees.
Preferably, the angle D is in the range from about O
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degrees to about 7 degrees. More preferably, the angle D
is in the range from about 1.8 degrees to about 2
degrees.

The quantity and size of cooling holes 98 are
chosen to provide sufficient air to prevent hot gas
ingestion in the aft «cavity 102 while maintaining
sufficient backflow margin of the cooling air to avoid
causing hot gas ingestion into the shroud cavity 52. 1In
a preferred embodiment, an array of four holes 98 are
used, of which all four are disposed at the above-
mentioned angle D, while the two holes 98 nearest the aft
corners 100 of the shroud 22 are disposed at the above-
mentioned angle T as well. Alternatively, the holes 98
can be disposed in any combination of angles T and/or D.
In one embodiment, the holes 98 are not skewed at any
angle T or D. \

Referring again to FIG. 2, the location pattern
for cooling passages 80 is generally in three rows,
indicated by lines 82, 84 and 86 respectively aligned
with the passage outlets 80b. It is seen that all of the
passages 80 are straight, typically laser drilled, and
extend in directions skewed relative to the engine axis,
the.circumferential direction, and the radial direction.
This skewing affords the passages relatively 1long
lengths, significantly greater than the base thickness,
and increases their convection cooling surfaces. The
number of convection cooling passages can then be reduced
substantially, as compared to prior designs. With fewer
cooling passages, the amount of cooling air can be
reduced.

The passages of row 82 are arranged such that
their outlets are located in the radial forward end
surface 45 of shroud section base 44, As seen in FIG. 1,
air flowing through these passages, after having
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impingement cooled the shroud back surface, not only
convection cools the most forward portion of the shroud,
but impinges upon and cools the outer band 18 of high
pressure nozzle 14. Having served these purposes, the
cooling air mixed with the main gas stream and flows
along the base front surface 44b to film cool the shroud.
The passages of rows 84 and 86 extend through the shroud
section bases 44 from back surface inlets 80a to front
surface outlets 80b and convey impingement cooling air
which then serves to convection cool the forward portion
of the shroud. Upon exiting these passages, the cooling
air mixes with the main gas stream and flows aloﬁg the
base front surface to film cool the shroud.

It will be noted from FIG. 2 that the majority
of the cooling passages are skewed away from the
direction of the main gas steam (arrow 20) imparted by
the high pressure nozzle vanes 16 (FIG. 1). Consequently
ingestion of the hot gases of this stream into the
passages of rows 84 and 86 in counterflow to the cooling
air is minimized. 1In addition, a set of three passages,
indicated at 88, extend through one of the shroud section
side rails 50 to direct impingement cooling air against
the side rail of the adjacent shroud section. The
convection cooling of one side rail and the impingement
cooling of the other side rail of each shroud section
beneficially serve to reduce heat conduction through the
side rails into the hanger and engine outer case. In
addition, these passages are skewed such that cooling air
exiting therefrom flows in a direction opposite to the
circumferential component 20a of the main gas stream
attempting to enter the gaps between shroud sections.
This is effective in reducing the ingestion of hot gases
into these gaps, and thus hot spots at these inter-shroud
locations are avoided.
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The foregoing has described a shroud assembly
having improved cooling of the retainer commonly referred
to as a C-clip and of the cavity disposed between the C-
lip and the shroud base. While specific embodiments of
the present invention have been described, it will be
apparent to those skilled in the art that various
modifications thereto can be made without departing from

the spirit and scope of the invention as defined in the
appended claims.
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1. A shroud section for a gas turbine engine, said shroud section comprising:
a base having a fore end and an aft end,
a fore rail extending outwardly from said base at said fore end thereof,
said fore rail having a proximal end and a distal end,
an aft rail extending outwardly from said base at said aft end thereof, said
aft rail having a proximal end and a distal end, said aft rail having a cooling hole formed
therein disposed at an angle T measured in a tangential direction from the axial
centerline of said shroud section to channel cooling air directly at the aft corners of the

base.

2. The shroud section of claim 1 wherein said angle T is in the range of from
about 20 degrees to about 70 degrees.

3. The shroud section of claim 1 or 2, wherein said aft rail has at least one
additional hole.

4. The shroud section of claim 1, 2 or 3, wherein said aft rail has a plurality of
additional cooling holes.

5. The shroud section of claim 1, 2, 3 or 4, wherein said aft rail has a flange
extending from its distal end, said cooling hole being located between said base and said
} flange.

6. The shroud section of any one of the preceding claims wherein said cooling
hole extends in a substantially fore-to-aft direction.

7. A shroud assembly for a gas turbine engine having a high pressure turbine and
a rotor carrying a plurality of radially extending turbine blades, said assembly comprising
a plurality of shroud sections according to any one of the preceding claims
circumferentially arranged to surround the turbine blades and further comprising:

a plurality of shroud hangers and at least one generally arcuate retainer for
holding said shroud sections in engagement with said shroud hangers; and
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LHSUR () * +, - . 6814 2BARIRSe By IARSIGORpasIng - PAMCEK RS Wertie Yatfixed at the brim
to each shroud hanger so as to define a baffle plenum, each shroud hanger including
metering holes therein in fluid communication with the corresponding baffle plenum,
wherein said shroud assembly further incorporates supplemental holes located in each
baffle, said supplemental holes being in fluid communication with both said baffle plenum
and said cooling holes, and said supplemental holes being aligned with respect to said
cooling holes such that cooling air flow travels in a substantially direct path from said
supplemental holes to said cooling holes.



