; VWe3e] 2\ x60T; ?713DV14118 PREFERENTI AL MULTI HOLE COVBUSTOR LI
OF THE | Mﬁmﬂs\ﬁ This invention relates generally to fil m”mm" mﬁ
. conmbustor 11ne 1*or use in gas turbine engines and nore partlcg‘l5 5r to
such conbustor liners having regions with closely spaced cooling 3r es. A
gas turbine engine includes a conpressor that provides pres 0 a
conbustor wherein the air is mxed wth fuel and ignited fo IM Emummmm"hot
conmbusti on gases. The fuel is injected into the conbustor thro I
tubes | ocated at uniformy spaced injection points around the cO#0tor.
These gases fl ow doMREFERENTAIoMUIGITHQIE COMBUSEFOR heNER Xt r act ener gy
therefromto power the conpressor and provide useful work such as powering
an aircraft in flight. Conbustors used in aircraft engines typically
i ncl ude inner and outer conmbustor liners to protect the conbustor and
surroundi ng engi ne conponents fromthe intense heat generated by the
conbust i orBACKGRGUND ORIMTHE INVENdpPNoaches have been proposed to cool
conbustor liners so as to allowthe liners to withstand greater conbustion
tenperatures. . One,such approach is multj-hole filmcoqgling wherein a thin

| ayer of CQBf inygntign reiaéesp&e@ﬂ gdo aillraﬁgollepléoebﬁﬁarshmaﬁf%%@ ipgas WEPING ners by
an array Q:fn HEEE Ynd ek Rluwgl 48%&1% cb gﬁ&gqﬂt}l 'ohgla{)ﬁl clbliy i - hol e

filmcooli n uces t over on the ers ecaus€ t he
Mass flowspmedu:ghlmglhole@ol i ng hol es d| I ut es t he hot corrbustl on gas next to
the liner surfaces, and the fl ow t hrough the hol es provi des convective

cool i ng of t the assenbl e Qnbustor, certain portions of

Che Compudt oS, (e dffined inaliMeh NE BRBRAR Fhef PR brosfizid 08 4y *he

ci r cunf er ejohibaktol owhdreian tief airhfs eEiRéd rwieh ﬂlae ahdigpnitddb@sr gdR@atind doat i ons

are hereinafter .referred t "cup centers". In operation, the flow of
b%gle@ilsfwmfeé

conbust i orfogRuetiongases.t h . 1B thg combuses @F&“gérfg‘élttéb@ﬂéﬁatgq reaks"
of 1 ocal | Yar! QfforARPApARlCiiiol SIRAG UMLAEP thd WBafdALDE ONPngl s GRFPuSt of

liners subj ect ot streaks can exhi'bit oxidatl on,
corrosi on damchstreasn ctyccbn}: blamilcgaau(bluﬁlé) thiaiektwact enafgyetherefdour o fpoewer fthel d use.
Accor di nglr%) there i i

ef f ect i verf@EPIFssOr g eB’é’é{ i HS?fﬁb %Qrga§u%’¥ %%hlg‘l"?‘?qr{’élr %ﬂhgk&gﬁgg’(s){fbglgczl ![(T
unusual | y ¢égbust@spssdah Wirifitehdines Sipidallf SndiedeSinh@ andiotidr @8fbustor liners
to protect the combustor and surrounding engine components from the intense heat
generated by the combustion process. A variety of approaches have been proposed to
cool combustor liners so as to allow the liners to withstand greater combustion
temperatures. One such approach is multi-hole film cooling wherein a thin layer of
cooling air is provided along the combustion side of the liners by an array of very
small cooling holes formed through the liners. Multi-hole film cooling reduces the
overall thermal load on the liners because the mass flow through the cooling holes

dilutes the hot combustion gas next to the liner surfaces, and the flow through the

holes provides convective cooling of the liner walls.

In the assembled combustor, certain portions of the combustor liners are aligned with
the injection points defined by the circumferential location of the center of the fuel
tubes. These locations are hereinafter referred to as “cup centers”. In operation, the
flow of combustion gases past these circumferential locations create “hot streaks” of

locally increased material temperatures. The portions of the combustor liners subject
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BRI EF SUMVARY OF THE | NVENTI ON The above-nentioned need is net by the
pr esent iqﬁaﬁﬁéiy whi ch provides a gas turbine conmbustor |iner nade up of
~a shell ha A | ng holes formed therein, a group of which are di sposed
upstream of the dilution holes and divided into two subgroups. The second
sub-group of this group of cooling holes is located in circunferenti al
alignnment with a hot streak and are nore closely spaced than the cooling
hol es of the first sub-group. The shell may al so have additional cooling
hol e groups di sposed between dilution holes in the liner. The additional

groups ar o diot afexkd can eahibitcoxidiond Coosieinued Wwigydle R¥igue WAF) failures
circunferential direction to provide enhanced cooling to the area of the
li ner dowddter stemdrom Heldgise.ut i on hol es. The present invention and its
advant ages over the prior art will beconme apparent upon reading the

Fol I ow ng MebaiihAd HERGE h RbéPIor A nibiSoRARENHSFhih 8odTe ik eff&fiféREce Lo
t he acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRE\W NGS The subj ect

mat t er t hads incgeasedjar thecareas ofhibe ilinee thak are subjesaite noudually highofemperitwes and

distinctly glaimed in the.concluding part of the specification. The
i nventi on,a‘nﬁ(SWé]\i}&g,m%ﬁvgBjés 8%t understood by reference to the fol | owing

description taken in conjunction with the acconpanying drawing figures in

whi ch: Fi BRIEFISUSIMARYt @RI HEICENTIONe vi ew of a gas turbine combustor
havi ng conbustor liners of the present invention. -2 13DV14118 Figure 2

is a perspective view of a portion of a conmbustor |iner, depic¢ting angled
muf ti - hol elSofhavagnentored nesdyis met by the presgnt, invgntiam, wvhieh ﬁ’F‘B’iﬂéﬁf a gas

conmbust or | jyRes cSIBRIsEr! R trﬁ'aﬁieatiﬂ @f‘gesﬁgl'i'thaﬁ?ifngt&%liﬁé'flﬂe‘s hehfed AREdiRNG hol es
of the present 1nvention.
group of which are disposed upstream of the dilution holes and divided into two sub-
groups. The second sub-group of this group of cooling holes is located in
circumferential alignment with a hot streak and are more closely spaced than the
cooling holes of the first sub-group. The shell may also have additional cooling hole
groups disposed between dilution holes in the liner. The additional groups are

arranged so as to provide a converging flow in the circumferential direction to provide

enhanced cooling to the area of the liner downstream of the dilution holes.

The present invention and its advantages over the prior art will become apparent upon
reading the following detailed description and the appended claims with reference to

the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter that is regarded as the invention is particularly pointed out and
distinctly claimed in the concluding part of the specification. The invention, however,
may be best understood by reference to the following description taken in conjunction

with the accompanying drawing figures in which:

Figure 1 is a cutaway perspective view of a gas turbine combustor having combustor

liners of the present invention.



DETAI LED DESCRI PTI ON OF THE I NVENTION Referring to the draw ngs wherein

i denti cal gﬁé\%‘ﬁw nuneral s denote the sane el enents throughout the
_various vi , ‘E)Eﬁre 1 shows a conbustor 10 of the type suitable for use
in a gas turbine engine. Conmbustor 10 includes an outer liner 12 and an
inner liner 14 disposed between an outer conbustor casing 16 and an i nner
conbustor casing 18. Quter and inner liners 12 and 14 are radially spaced
fromeach other to define a combustion chanber 20. Quter |iner 12 and outer
casing 16 form an outer passage 22 therebetween, and inner liner 14 and

i nner casiHigur® i0amesspettiveeviepasSagertivh dhercehdtusee lineAdegielingasgedl y 26
is nounted to tfl]e uqstrefm ends of outer and inner liners 12 and 14. An
annul ar opBwiplogoqlnedgleted in cowl assembly 26 for the introduction of
conpressed air into conbustor 10. The conpressed air is supplied froma
conpresso rF_Ii_%ﬁl‘éB 2h0P Widw of a Poftfmt df e IRt Hinkr Hé}ﬂétﬁ%ﬁlﬁé a¥n@mieivor Of
Figure 1. e conpressed air passes principally through annular opening 28
t o suppor tthe owitirbolesnokngihqles of the presemitigventioer and i nner passages 22 and 24
where it is used to cool the liners 12 and 14. Di sposed between and

i nt erconn | F}}ﬁ Tf(?lq i AR and 14 near their upstream
ends is aﬁ{jﬁa)ﬁ%gf}%]?% omeIa%I ate %%?IEIH uraﬁ@i of circunferentially spaced

swirler assenblies 32 are nmounted in donme plate 30. Each swirler assenbly
32 recei vadefenimpr tos eddawingsr ohem@im ideatical pefirege 28uracrdlsf delotd tlenmsame

corresponding fuel tybe 34. The fuel and air .are swir]led and p.xed by
swirler as%gﬁmt? gl-go oub NP YA SLeiS i%nh@lr? defhoxisra ﬁ‘?IQ{"{ﬁt%f og}}?ctpfﬁ? ged
into combugithiflB fEMaRlRh gl turbihe enmbYEloaibubRe 10 dhuedd Abuerdindf 12 88d ends
and defines a longitudinal axis (not shown), which in the case of an

annul ar cawbinsepdines 14odigpesdd rhetwgenhan roatar oprgmbusthr easingx 16 apd arhénnengi ne.

It is note . hough ~Fi .1 ikl ust.rat 0 .aferr aodient of
a -3 13[5%?@55%r zséljflsﬁllt;| ggagﬁhﬁgéﬁ gcl:or%:l}g%%rll,’zaﬂnﬁzmpér}gégd% {yi #@gﬁ ﬁg;ﬁel gﬁrgqual |y
appl i cabl eother tadgfihe/ ® €obustionlzhiaibér, 20. NOLteling 1Qaind citedreasih@n 6 gormbast or s,

whi ch uses nulti-holetLiIn1cooIin8“ CQuter and inner liners 12 and 14 each
conpri se PWSTRIPEERAL| thergpstypens afl jinnes\Jingy 14 ape ek casing h$ §orar any ek xi al | y
ext endi ng L QUr @k tar . ld : i i hot
combUst | o s e B o e Py P smaeel Bl AL B e

Wi th the raitetanddhnerdimets B and . odh ennyglasepapeng?2B isSorméedain gowliassembly i ner 14

has a hot .si de 40. fagi t hot combusti on _gases .\n sonbust i on, chanber 20
and a col sﬁ’aéﬁ%%’i" qu)&%}ﬁ%owr?ﬁeﬁgl gé)l %Fg?}‘éﬁfl 1@00 ea‘formffrﬁssf%ﬁgrls passage
24. Both |gupplied ftémanbniptedsot({nat shodvrl)dh gliretidiegenefallylindiedtyd bpagew £ ool i ng
holes 44 fornmed therein. Dilution air is primarjly intrqduced. into

combust or AnEiawer 120 berrommgessed giruragses iiFingpally thighgl appylarnppaping, 4 doy
o . & P . . o 15
ona 14" DUERES Somb B paladhSR0°Gle! oAl Bl 99 a4 ARGE il 10T o

cool i ng haised talehol dredireacH? ahd 14.i on hol e 48 has a cross-sectional area that
is substantially greater than the cross-sectional area of one of the
cooling hakes 44. Dilutiqgn holes 48 _and .to a snal.ler te cooal.ing hol es
a0, serve PEPasi et dnoRoRnsciipe RO RubeorR RIS Lo HaSHHF on
hol es ar e wistrédigedds & & amtuldraiopd platel 30. e At gloehling ob sirclanferantinlly spated
periphery of, the liners 12 and 14. The forward- nost Eand of dilution holes
48 are ref®¥iflelagsgmylies, 32 rase ynopnted ibdoms| Rlate 3¢ hash svader pesambinddst or |

certain o : i j i ‘fﬁﬁ% i A :

i njecti onqggﬁlﬁéssé%?%g%)ﬁﬁﬁql%@%ﬁgﬁfﬁa %%g{nggﬁ&g%éﬁ%h gl}letler of

t he fuel itmpeddorkhelthehamt siniard swiled2and| mixepdryatwidar agskmbliesod2,cindcthebust i on
gases past these_.circunferential |ocatjons create "hot strgaks” of |locally
her eased HRHIGRE SHeVARBaRS i Gschaigrdutonttruieton i 20, i aStstor

| ongi t udi ngls;foRARA O Ana fafitd2eeriidiahll definds _1051?@%1151 axiemePsiwal) Ohieauged by
the swirlers 32, the streaks are curved in the circunferential direction

vvheln_ vi evettie alash gf taneannairgt ¢pngffustands mmﬁ@@mrwitmmqn@mgﬁudin@l pris of tép}g )
cobustor TE: ot s Ra e ARRGHEE RO ihielellont B REIpREEIE B2, 4"

subj ect to hot streaks can exhi bit oxidation, corrosion and | ow cycle
fatigue (LCF) failures fromfield use. -4 13DV14118 Referring now to
Figure 2, cooling holes 44 disposed through a portion of outer liner 12 are
shown in nore detail. Although Figure 2 depicts cooling holes in outer
liner 12, it should be understood that the configuration of cooling holes
of inner liner 14 is substantially identical to that of outer liner 12. As
such, the follow ng description will also apply to inner liner 14. Figure 2
includes a frane of reference having axes labeled X, Y and Z, wherein X is

. . - — .



-5 .13DVvV14118 A group 70 of cooling holes 44 is arranged around the

peri phery f@g\tﬂﬂ% jner 12 upstreamof the primary dilution holes 48. The
cooling ho this group 70 are angled downstreamin a Z direction at
an angle A as discussed above. The cooling holes 44 of group 70 may be all
of the same dianeter and cross-sectional shape in order to ease

manuf acture. The cooling holes 44 of group 70 may be aligned parallel to
the conbustor's longitudinal axis in the circunferential direction, or they
may be di sposed at an angle to the longitudinal axis to better direct the
ai rfl ow assimgls ianmdar &nnbwmnmeq;resehmmmﬂld»mg; é‘qmlaﬂy aﬁﬁlmblegroomg tyPe Wy be

circunferentially slanted or cIo t a cl s..sho in Figure
2 and descioHR %ﬂﬁ%dmeﬂewﬂe%n g0, PRGD 6F BR ol HERINEG- gr oups
referenced as 71 and 72 respectlvely The center-tocenter spacing of the
cool i ng hab@gr hid tdder (ih&S 125 DF eabh don d;br%e%élﬁél@'wb&ll afstal sHell Rvengaxi al and
circunferential directions, as described nore bel ow. The second

subgr oup 7Znefally penyarang axmllafexwodmgwgnﬁgnretsom@utsr bﬂ@dﬂd@ﬂ athot sideld@ss t he

are the aneng bnfet bObudifn e FEHBRAR ARps 20 BEETRIE 3P, IF

they are ngheactlvith¢he/retutieltobnai@inleiitet PasBige\i2d eSifiialy el 1igr nup hesa44 per
unit area, as, described below  This denser pattern of_ the second sub-group
72 provi dewt ﬁﬁéﬂ@é@fé@g thsdrof prmbystion |gasgs ik Fembystiop shambey 209d @coldygde

t enper at ur t r Oly t I n an
exenpl ary ? é’t“%ht%?‘ %92%1 @%erl%g(golﬂ |smg€rr%alr%g<§g in t?{ﬁqugsmff;@&gm

rect angl e nblade g ilagesumberaf chdelsispatied eoolirgnholBetbiosmed thetdie swirl in the
fl ow t hrough the conbustor, the hot streaks are not preci sely al i gned W th

L oL P UoBUa! il Rk ol U SRR ieBEaS bt | BEITE ©°

respect t citdithfereftisindpacal Siutiohhiesled 98 gFigufee1 Paispésea@rin @hck be ofitebagid oup 72
is selected to, provide enhanced cooling in a Eal‘tl cul ar circunferenti al

| ocati on alsnerdingeyl2 anskl4 ehilutionholey ft Qliecﬂi?ﬁer? y fgysdleninfaugpber than the
circunt er e&)tohﬁ%l%l%sl qm EIH&* &R cﬁﬁﬁ%ﬁfh&@ A a6, fé!r ng-%tez%t%affaretahﬁla liow
swirl. ConventTona cool 1'ng es I n typical ustor |iners have very
smal | di arm1bs£ast1aﬂy gﬂeaesd:lﬁnetlmfcratsewbtlmaﬂ)krcmoﬁese (cd. the moplimgdioles 44.

circunfer i al a of ..about 0, i.nche bout 6.5
ol 6 ameloiEon Bt RRT 'S e d ik Pootihaaien s, S « Ry SR8 Bk i 1 o
the circunggy e&hb@dtom{am&ae@l NThe AREOA IHORs| dte dria@PEE in3 chb@wferéhtiaRy t i on of
conmbustor liner 12 haV|ng t he sub-group 71 of coollnghholes 44 havi ng

convent i ondtensiingchangs aound thecqeriphery of g lingrs hdperd hipraagimoshbagd r ow
spacing P I 3 inches (3.3 nm) and

t he sub- gr%qj@uggﬁg?l%ggg é#gﬁtgang 2ehc|§lg§ghglfgdotted lines in Figure 3)
with a tighter circunfer entl al hole spacing S . Preferably, cooling holes
44 of sub- Iyrthelpssembhd\nenﬂ)usﬁoarmrteim ks aﬁdwtprﬁnzﬁg dilntbre bole® 48 aregdlignad a

CI rcumc erent hoI spacin bout 4 hol e.di aneter.s, or .0 inches (2
T CT Swigh fhe Rieeflan BROE Sefinedey i ienm T RvE Do BfToD G p ol S

SUb gf oup ﬂl@l Wijddtor 34i £HAt Qirlers 30. MO Béﬂ@ﬁ@h e fiW@F@bmbﬁﬁﬂmag@sad pastW

spacing P in sub- group 72 is prefera the sane as that of sub- group 71.

By using t1eses SHempiGreatiay éﬁﬁ@tlems Ftﬁateoolthf sragkyr ofijosallyaingreasesd graseripl 72,

machi ni n S r

addi t1 ona) CREFANLCTAAS sl AEFRC 9?“*1%2&%'?’ SPLRREU g 0 e
axi al l'y i nflbwnia ﬂmetd:onphmtmrqaushd by ithe sl\mﬂers 3B. theVstieaks tfe suyedip 188,

sub- groups .of cool | hol.es 44 adj a the i lution holes 48a
al i gned i SiFPuRHercRtia) direRte ¥hep Véﬂ@%&? et of o @%%&r thegeR
that the h@kes oPQﬂ%@Sllﬁlgf)ﬂg@lsR;ns ?r&d‘f@e ERLEE BOfd fp @h@étﬁe@ﬁtﬁh@ﬁjs $fomer ds the

prinmary dilution hole 48a in the circunferential™direction. In this way
addi t i onal capnimistondinetsdd and 1g¢ dhé pemtions of the combustof Bnernil2 ahd [1ésubjedrioof t he

G- or oup " bk ST arddlos S RORRR Ao SR (R P CRERg B iR on ot e

48a i n thefitllgngé.t udi nal direction, and is disposed to one side of the
primary dilution hole 48a in the circunferential direction. The cooling

hol es 44 of sub-group 74 are angled ingdhe circunferential direction so
that they point towards primary dilution hole 48a in the downstream
direction. The cooling holes 44 of sub-group 74 may be angl ed at about +45
wWith respect to the |l ongitudinal axis. Another sub-group 76 of cooling

hol es 44 are | ocated opposite subgroup 74 on the other side of primary
dilution hole 48a in the circunferential direction. The cooling holes 44 in
sub group 76 are angled |n the C|rcunferent|al dlrectlon opp05|te to

o o T T — o o .



| ongi tudi nal axis. Additional sub-groups 78 and 80 of cooling holes 44 may
be added tﬁ%ﬁ*ﬂ%ﬂﬁgli nprove cooling at the cup center position. Again
referring e 3, these additional subgroups 78 and 80 of cooling

hol es 44 are the same shape and size as groups 74 and 76, and may be

di sposed outside of sub-groups 74 and 76 in the circunferential direction,
and may be interspersed with additional primary dilution holes 48. In one
enbodi ment, groups of cooling holes 44 may be interspersed with prinmary
dilution holes 48 in alternating order in a circunferential band around the
| i ner 12. Referringalomnty Fighre 25 abelgrgohales 4vbdispesed thranglea petioh dftvaterdineer nat e

pairs of | e sub-groups 74,..78 and .76, 80 e. di spose t .positive and

Pegative agtesba it plocs Al cfRbeR St adirits Spnoe nefrerbuisr HE8En cup

center 82 125itahsQIdi RUBHeMtdod thiah®Sbrfizueitiof FlcbMehd IS SRIBnEH1EPI4 1¢. 78

and 76, 80 arraqgﬁddto converge downstream of the primary dilution holes
a

48a. | n efsubsianti qriicalep thas of ewter lingy 1RolAsssugh, theallowing fesgriporswilly t h
four convepgj - f, C ' . r _ A

et on R AZ A8 URRy U, CORUIS NS, RUANORE ALRUA PRI
ci r cunf er dalstedX, Yhmd 7y whiestinX ik itlvedovhidtreath axfabdiegion of flesy @edicatédeyg a

multi-hole filmcooled copbustor |{ner having an, inproved arrange t of
cool i ng hew By thrapgh eom r b OF 18 e srwnteentigl dppgtion; ﬁ@%sl.s /R aag
specific i ; r ' i : ' it will
be appareﬁ?nﬁgbﬁﬁg%gh@iPéﬁgé@fﬁ§%ﬁ§bg$%ﬁ?%E@Hbggy%ﬁgpﬁgﬁgﬁﬁggFggﬂgt%hereto
can be madlwustrbontanglepsy which i§ poaferably isphe rdangand aboutpES oo 207e Conliegnt i on as
defined i he ended cl ai ns.. . 13DV14118 Ms: 1. Ag t ur bi ne
conbust or it f BRTRErd i » Fedeeft cireupyerenigihn aPFting srosdl Jcl ends
and def i nilyesad4 @ngich Yok habe a%irtumfdrerdtRRAble@pacild KUbétARem Hedr fedftktilOr med in
said shell; and a group (70) of cooling holes (44) forned in said shell (
12, 14) f sewigrlinessandadipcentraws 4 havs an xada9w spagiee Br oup (70) conpri si ng
first (71 ) and second (72) sub-groups, wherein said cooling holes (44) of
said seco p ( e I n; -hﬁ&,holes
(44) of s%ﬁ?ﬁ%%g Fg Orﬁ?r,(%Hl@g:@og@gglzcg{:sl)’ﬁg%ﬁ%?@gﬁ%&?@n@%x@%ﬁg conbust or
| i ner (12,grovps: afgrotmitnldcatedhiar the rardahaft ob thd pymbnyl ditutioadjolesf 48 aindtheecond

of sai o peod 0 sy’ BY Peaed AR ol Moinntyi GRRgn Aor i, Sl anlRe “Conc e
of said digrthip 88 dispdRed 48ahe arka-axldIF HORRUGHEA! prith ST difftiod! K188 18 Qe
wherein said shell ( 12, 14) has an annul ar configuration and said cooling
hol es (44)neghersfarvardinos aft of the)pripary dilutioniheleny8)s (hegirsupderantial docatien r anged
ina seri&gpi ngdr%s‘f g%@ﬁﬁgms %ﬂré’seﬁféh%gqingg;2riﬁ‘f'?%ﬂr¥\@?rﬁe%aﬂ%?ag?)gig}agyol I'ng

hol es (44) in eac ave a clrcunferentia e spacing an acent
rows have dilutiarihale thatusspmoimierentially igned mithstho cup icemer 82 25 idedlifiaf bl ai m 3,
wherein the.circunferepngial hole spacing of said second sub-group (72) is

| ess t han FRENSF PURRELnt i al hol e spacing of said first sub-group. 5. The
conbustor liner (12, 14) of claim3 or 4, wherein the cooling holes (44) of

sai d gr oupTHe’@bupus ofbalingcholéP44 & Idcated &ft iof theysriary clikition @Bles A8, The ect i on.

cooling holes 44 of this group 70 are angled downstream in a Z direction at an angle A

as discussed above. The cooling holes 44 of group 45 may be all of the same diameter
and cross-sectional shape in order to ease manufacture. Alternatively, selected ones of
the cooling holes 44 may have larger diameters for increased local cooling. The
cooling holes 44 of group 45 are also circumferentially slanted or clocked at a clock
angle B as shown in Figure 2. Clock angle B preferably corresponds to the swirl of
flow through combustor chamber 20, which is generally in the range of about 30° to

65°. In an exemplary embodiment, angle B may be about 45°.

-5-



6. The conbustor liner (12, 14) of claim3, 4 or 5, wherein the
c'ircum‘erelg?y\g{ {1] e spaci ng of said first sub-group (71 ) is equal to
about 6.5 Aﬂ ters. g 13DVv14118 7. The conbustor liner ( 12, 14)
of claim3, 4, 5 or 6, wherein the circunferential hole spacing of said
second sub-group (72) is equal to about 5 hole dianmeters. 8. A gas turbine
conbustor liner conprising: a shell ( 12, 14) having forward and aft ends
and defining a longitudinal axis; at |least one dilution hole (48) forned in
said shell; and a first group (88) of cooling holes (44) fornmed in said
shel |, saiAl ggoupup0 (o$8:)ooljmgnh|olesi41lgi§ anrantge(l 7a4t<)uminﬂ1espariphdry( dBjheslitiergr2oups,

e S S B o G A bl 36 A P " "

circunfer %ﬂél'e&'do%’ngﬁedﬁi i alzidﬁédtfahlé@ran%gre A%)dls&%d%%w The %b&'lufgool i ng
hol es (44) said first sub-group (74) are angled with respect to said

| ongi t udi rhgzlesaékh of gnoup 70i may beiatl rseme | didmeler et cross-sevtiena shepd th

0 o0 Rk A8 AR, B30 ROECRE R RN B GRRUT S,

di recti on tafige embBuskRGORdgitidisd) f’ﬁ&ﬁsr @t airceifteerfal dirbdiod] bﬂiﬂegﬁnaﬁﬂﬂ)ee (48),
and whereipn said coollng hol es of , sai d second subgrou '6) are angl ed
9

wi th respélispopesl afananglsrigithelong dnael jaxisitp bgtteredirgpithe pirHovyyas depirqda For
di r ect
rontor TR IR RIS 4 o) 10WS SRR iRl e P onlh |,

conmbust or f( sal
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the liner 12. The cooling holes 44 of second sub-group 72 are the same diameter as
the cooling holes 44 of first sub-group 71, but they are more closely spaced in order to
provide more cooling holes 44 per unit area, as described below. This denser pattern
of the second sub-group 72 provides increased cooling air flow which is used to
reduce the temperature of the sections of the liner 12 subject to hot streaks. In an
exemplary embodiment the sub-group 72 is arranged in the form of a rectangle when

viewed in a radial direction.

Because of the swirl in the flow through the combustor, the hot streaks are not
precisely aligned with the circumferential positions of the cup centers 82 at the
forward end 60 of the liner 12. Rather, there is some offset of the hot streaks with
respect to the cup centers 82. Therefore, the position of the sub-group 72 is selected
to provide enhanced cooling in a particular circumferential location as needed. The
center of sub-group 72 may be offset circumferentially from the cup center 82 in the

direction of the flow swirl.

Conventionally, cooling holes in typical combustor liners have very small diameters

on the scale of about 0.02 inches (0.5 mm) and circumferential hole spacing of about

0.13 inches (3.3 mm), or about 6.5 hole diameters. The axial row spacing is generally
-6-
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first (74) and third (78) sub-groups of said cooling holes (44) and a
second additional dilution hole (48) is disposed between said second (76)
and fourth (80) sub-groups of said of cooling holes (44). 12. The conbustor
liner of claim8, 9, 10 or 11, further conprising at | east one second group
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said pattern being offset in a circunferential direction fromthe center of
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spaci ng of said second sub-group (/72) of 'said second group (70) of cooling
hol es (44)without gepiiritgsan addéianial seturf epegational hol e spacing of said first
sub-group (71). -11 13DVv14118 17. The conbustor liner of claim15 or 16,

wherein t hﬁecéd’o(fiﬂgfh%ﬁe%nﬁw 8‘11 gx%ﬁf)%Ssa?g(aingsed axially in line with primary dilution
holes 48. Within this group 88, sub-groups of cooling holes 44 adjacent to the
primary dilution holes 48a aligned with the cup centers 82 are disposed at alternating
angles such that the holes on each side of a cup center position are angled towards the
primary dilution hole 48a in the circumferential direction. In this way additional
cooling flow is provided at the circumferential location of the primary dilution hole
48a. In the exemplary embodiment shown, a first sub-group 74 of cooling holes 44 is
located even with primary dilution hole 48a in the longitudinal direction, and is
disposed to one side of the primary dilution hole 48a in the circumferential direction.
The cooling holes 44 of sub-group 74 are angled in the circumferential direction so
that they point towards primary dilution hole 48a in the downstream direction. The
cooling holes 44 of sub-group 74 may be angled at about +45° with respect to the
longitudinal axis. Another sub-group 76 of cooling holes 44 are located opposite sub-
group 74 on the other side of primary dilution hole 48a in the circumferential
direction. The cooling holes 44 in sub-group 76 are angled in the circumferential
direction opposite to cooling holes 44 in sub-group 74, so that this sub-group 76 also

directs cooling air flow to a location directly downstream of primary dilution hole 48a.



of said first sub-group (71 ) of said second group (70) of cooling holes
(44) is eo@vﬁ féoout 6.5 hole dianmeters. 18. The conbustor liner of claim
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and may be disposed outside of sub-groups 74 and 76 in the circumferential direction,
and may be interspersed with additional primary dilution holes 48. In one
embodiment, groups of cooling holes 44 may be interspersed with primary dilution
holes 48 in alternating order in a circumferential band around the liner 12. The
cooling hole sub-groups may be arranged such that alternate pairs of hole sub-groups
74, 78 and 76, 80 are disposed at positive and negative angles with respect to the
longitudinal axis, such that each cup center 82 is associated with two pairs of cooling
hole sub-groups 74, 78 and 76, 80 arranged to converge downstream of the primary
dilution holes 48a. In effect, the pattern of cooling holes as shown in Figure 3, with
four converging sub-groups of cooling holes arranged around primary dilution hole
48a, would be repeated at each cup center 82 around the circumference of the

combustor liner 12.

The foregoing has described a multi-hole film cooled combustor liner having an
improved arrangement of cooling holes to reduce temperature gradients and hot
streaks. 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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CLAIMS:

1. A gas turbine combustor liner comprising:
a shell (12, 14) having forward and aft ends and defining a longitudinal axis;
at least one dilution hole (48) formed in said shell; and

a group (70) of cooling holes (44) formed in said shell (12, 14) forward of said
dilution hole (48a), said group (70) comprising first (71) and second (72) sub-groups,
wherein said cooling holes (44) of said second sub-group (72) are more closely spaced
than the cooling holes (44) of said first sub-group (71) of cooling holes (44).

2. The combustor liner (12, 14) of claim 1, wherein the cooling holes (44) of said
second sub-group (72) are disposed in a generally rectangular pattern, the center of

said pattern being offset in a circumferential direction from the center of said dilution
hole (48a).

3. The combustor liner of claim 1 or 2, wherein said shell (12, 14) has an annular
configuration and said cooling holes (44) of said first (71) and second (72) sub-groups
are all arranged in a series of circumferentially extending rows, wherein adjacent
cooling holes (44) in each row have a circumferential hole spacing and adjacent rows

have an axial row spacing.

4. The combustor liner (12, 14) of claim 3, wherein the circumferential hole
spacing of said second sub-group (72) is less than the circumferential hole spacing of

said first sub-group.

5. The combustor liner (12, 14) of claim 3 or 4, wherein the cooling holes (44) of

said group (70) are parallel to said axis in the circumferential direction.

6. The combustor liner (12, 14) of claim 3, 4 or 5, wherein the circumferential hole

spacing of said first sub-group (71) is equal to about 6.5 hole diameters.
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7. The combustor liner (12, 14) of claim 3, 4, 5 or 6, wherein the circumferential hole

spacing of said second sub-group (72) is equal to about 5 hole diameters.

8. A gas turbine combustor liner comprising:
a shell (12, 14) having forward and aft ends and defining a longitudinal axis;
at least one dilution hole (48) formed in said shell; and

a first group (88) of cooling holes (44) formed in said shell, said group (88)
comprising first (74) and second (78) sub-groups, wherein said first sub-group of
cooling holes (44) is disposed in line with said dilution hole (48) in a longitudinal
direction and on a first circumferential side of said dilution hole (48), and wherein
said cooling holes (44) of said first sub-group (74) are angled with respect to said
longitudinal axis in a first circumferential direction towards said dilution hole (48);
and wherein said second sub-group (76) of cooling holes (44) is disposed in line with
said dilution hole (48) in a longitudinal direction and on a second circumferential side
of said dilution hole (48), and wherein said cooling holes (44) of said second sub-
group (76) are angled with respect to said longitudinal axis in a second circumferential

direction, opposite to said first circumferential direction.

9. The combustor liner of claim 8, wherein said cooling holes (44) in said first
sub-group (74) of cooling holes (44) define an angle of about 45 degrees with respect
to said axis, and said cooling holes (44) in said second sub-group (76) of cooling holes

(44) define an angle of about — 45 degrees with respect to said axis.
10.  The combustor liner of claim 8 or 9, further comprising:

a third sub-group (78) of cooling holes (44) disposed in line with said dilution
hole (48) in a longitudinal direction and on said first circumferential side of said
dilution hole (48); and

-10-
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11.  The combustor liner of claim 10, wherein an additional dilution hole (48) is
disposed between said first (74) and third (78) sub-groups of said cooling holes (44)
and a second additional dilution hole (48) is disposed between said second (76) and
fourth (80) sub-groups of said of cooling holes (44).

12. The combustor liner of claim 8, 9, 10 or 11, further comprising at least one
second group (70) of cooling holes (44) formed in said shell forward of said dilution
hole (48), said second group (70) comprising first (71) and second (72) sub-groups,
and wherein said cooling holes (44) of said second sub-group (72) are more closely

spaced than said cooling holes (44) of said first sub-group (71).

13. The combustor liner of claim 12, wherein the cooling holes (44) of said second

group (70) are parallel to said axis in the circumferential direction.

14.  The combustor liner of claim 12 or 13, wherein the cooling holes (44) of said
second sub-group (72) of said second group (70) are disposed in a generally
rectangular pattern, the center of said pattern being offset in a circumferential

direction from the center of said dilution hole (48).

15. The combustor liner of claim 12, 13 or 14, wherein said shell has an annular
configuration and said cooling holes (44) of said first (71) and second (72) sub-groups
of said second group of cooling holes (44) are all arranged in a series of
circumferentially extending rows, wherein adjacent cooling holes (44) in each row

have a circumferential hole spacing and adjacent rows have an axial row spacing.

16. The combustor liner of claim 15, wherein the circumferential hole spacing of
said second sub-group (72) of said second group (70) of cooling holes (44) is less than

the circumferential hole spacing of said first sub-group (71).
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17. The combustor liner of claim 15 or 16, wherein the circumferential hole spacing
of said first sub-group (71) of said second group (70) of cooling holes (44) is equal to

about 6.5 hole diameters.

18. The combustor liner of claim 15, 16 or 17, wherein the circumferential hole
spacing of said second sub-group (72) of said second group (70) of cooling holes (44)

is equal to about 5 hole diameters.
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