21 February 2006 PREFERENTI AL MULTI HOLE COMBUSTOR LI NER BACKGROUND OF THE
| NVENTI ON This invention relates generally to filn1coo? ﬁRHﬁb liners
for use in gas turbine engines and nore particularly to SUch combust or
liners having regions with closely spaced cooling holes. A gas turbine
engi ne includes a conpressor that provides pressurized air to a conbustor
wherein the air is mxed wth fuel and ignited for generating hot
combustion gases. The fuel is injected into the combustor through fuel
tubes | ocated at unlfor aced |n ectlon oi nts_around the conbustor.
These gases flow Bﬁgé%K hd 113 Q@@éﬁ&ﬁ@%%iNﬁBt extract energy
therefromto power the conpressor and prOV|de useful work such as poweri ng
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 AAGKOGBREHEND OREFHEINVENTIENDr oaches have been proposed to cool
conbustor liners so as to allowthe liners to wthstand greater conbusti on

t enper at Wsslnvéﬁll%nsrgﬁ&s errglyg) %ﬁn n&)léd ng?bu%tofr Illlnnran s13P ué g &4 ﬁn’? gat hi n

| ayer of "~ cooling arr he o Ussi ohsi NE 1iners
by an ar reayined and%fny)re ﬁmbmlaﬂpm sich Bmhlastdrdfnmdhdvﬁﬂg)uglbris heith cloeglg .

Mul ti - hol e f|In1co g reduces the overall thermal load on the |liners
because tPrFefgell %ﬁﬁ%rwough the cooling holes dilutes the hot conbustion
gas next to the liner surfaces, and the flow through the holes provides

convect i we GoQhivik eﬁglh@qnémaer a " @rhtessbr dhdheprdoReihedutpRbyp @ra cortain

portions of the conbuStor liners are al |g}bed with the injection points
def i ned lggmbustorciwhereif dhe it 48 thixedt woh bkl tand igeitedrfonfgeneretifgidiot t ubes.

N O L
"hot streakaifoeily spacel Inyjettnmr paﬁl@ aftin@r thal confhigfirat These. gddee fowti ons of
t he conbustor |iners subject

downstream to one or more turbines that extract energy therefrom to power the

compressor and provide useful work such as powering an aircraft in flight.

Combustors used in aircraft engines typically include inner and outer combustor 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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-1 21 February 2006 to hot streaks can exhibit oxidation, corrosion and | ow
cycle fatigue (LCF) failures after return fromfield ... Acc ingly,
~there is a need for a conbustor liner in which cooIingEf?ﬁ%P@?%@gﬁiveness
is increased in the areas of the liner that are subject to unusually high
tenperatures and resulting material distress. BRI EF SUWARY OF THE

| NVENTI ON According to a first aspect, there is provided a gas turbine
conbustor liner conprising: a shell having forward and aft ends and
defining a longitudinal axis; at |east one dilution hole formed in said
shel | ; ane hat greakp cad exlaibitiaxidatiohesrivaipnrapddowdéyaieefatigue (s atailirgs | y
smal l er than the_.dilution hole and forned in said shell forward of said
dilution® ]@?“ggpﬁrﬁﬂgﬁﬁiconprising first and second sub-groups, wherein
said cooling holes of said second sub-group are nore closely spaced than

the cool ixi@ofieds thét iS@hekd fof 8 Lomblist@r 101ep il0Whivh@obhgg filh effectivenssei n t he
cooling hol es of said second sub- %roup are disposed in a generally
r ect angulisincprasedeinnthe rareas of (the Hineyr thatagrg sphiesteieimyanally gh ftaperatyrey

circunfer i ad. di j omthe center of said dilution hole. Herein
di scl ose ?gésgﬁlélgéﬁat%%ﬁ%?%ge%sbnbustor i ner made up of a shell having

cooling holes forned therein, a group of which are di sposed upstream of
t he di | uBRIBFIEAIMMA RY ABRTHEISNYEMEION wo sub- gr oups. The second sub-group
of this group of cooling holes may be located in circunferential alignnent

with a hot streak an y be re .closely.spaced | hol es of
the first Soming E?pr.‘ dﬁ‘rﬁg aéﬂeé’ﬁrﬁ}?é 1§1I%1'8v'ﬁ§(\1/e&) gjl‘%dl l]ng%a Oggﬁ)(‘)lgﬁ%?n% ol e
groups dicsRpsisitlg e ENE@ERavahg Briverd &l £5 ehdy dddeddfinivgy a 1Hpétudiadidaris;amal gr oups
may be arranged so_as to provide a convergi ng flow i q the, cjrcunferenti al
di r ect i odeasbony dilutine kolp doraesd wowld piplk and peravr 81 gpolingehqles,vVingigunst r eam

of the did'ia'l’ﬁét&%uﬂ&hrﬁ?&lly%ﬁmﬁ@nbﬁﬁﬁl e &fffn hole and formed in said shell forward

of said dilution hole, said group comprising first and second sub-groups, wherein said
cooling holes of said second sub-group are more closely spaced than the cooling holes
of said first sub-group of cooling holes, wherein the cooling holes of said second sub-
group 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.

Herein disclosed is a gas turbine combustor liner made up of a shell having cooling
holes formed therein, a 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
may be located in circumferential alignment with a hot streak and may be 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 may be arranged so as to provide a converging flow in the
_circamferential 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 becone
apparent upon reading the follow ng detail ed descripti and appended
claime with reference to the acconpanying draw ngs. %f%é’%é&ﬁ?’ﬂ ON OF
THE DRAW NGS The subject matter that is regarded as the invention is
particularly pointed out and distinctly clainmed in the concluding part of

the specification. The invention, however, nay be best understood by
~reference to the follow ng description taken in conjunction wth the
acconpanying drawing figures in which: Figure | is a cutaway perspective
vi ew of &hegasestairinvention andits hdvanteges orger dlmnpricgtaoy will hesems apparetiaippn esent

invention. 21 Fehruary 200 i,gure.2 is per.s tive vi.ew of rtion of
a combusteHImg tﬁ@rbfo 8 eﬁge‘gﬂgﬁcgaqu ﬁn_eﬁgpg&)di@@&;[qnﬁl& “ﬂ%ﬂ réag‘?m‘%f*gﬁr e3is a
top vi ew@a@ﬁgﬁﬁ@u@m@&comustor | i ner depicting the arrangenent of

the multi-hole cooling hol'es of the present invention. DETAI LED DESCRI PTI ON
OF THE I NVENTION Referring to the drawi ngs wherein identical reference
nuner al s BRABBRESGRIPIIAN ORTHRIARAWIRNGghout the various views, Figure 1
shows a conmbustor 10 of the type suitable for use in a gas turbine engine.

combust oyl Qubia! HElRS: @t RUkehbd B8 el fy@tbn AMdrtifUirlyl béifled It dhgposed

1l
between an out’er conbustor cdsing 16 and an inner co_r%lbus_t or casing 18.
Qut er andistinotdy clhinmelris tHe2comnlndibg rartefitladipgtifigatigme iy inyetioadiovevet her to

define a co stion chamher 20. ter diner 12 an [ .casi: . form an
out o1 padE e st trsrlad e lrensip i eioing gps iR ikeh i Sidab 8" AN
an i nner Wi%gm@ﬁﬁga%g@@ﬁesﬁ@m; assenbly 26 is nounted to the
upstream ends of outer and inner liners 12 and 14. An annul ar opening 28

is formed in com assenbly 26 for the introduction of conpressed air into
conbust oFigrue 1The culsey PeEBertiye Vi of 3 gapiurkige cpy %OICI&’FHE 5% ot shown)

in a dirggtiQpursnelal iveldidli cated by arrow A
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of Figure 1. The conpressed air passes principally through annul ar opening
28 to support conbustion and partially into outer andZE?qgh gges 22
~and 24 where it is wused to cool the liners 12 and 14. Spos bet ween and
i nterconnecting the outer and inner liners 12 and 14 near their upstream
ends is an annul ar done plate 30. A plurality of circunferentially spaced
swrler assenblies 32 are nounted in done plate 30. Each swirler assenbly
32 receives conpressed air from annul ar opening 28 and fuel froma
corresponding fuel tube 34. The fuel and air are swirled and m xed by
swirler &égwetd ises pgdpectivg vi¢ve of reepertion i & oermbuster linextdgpisting ageledhar ged
into coanggiop chfnbgﬁ %O. The conbustor has forward 60 and aft 62 ends
and defi A& lgmfﬁﬁﬁl?% P'R% axis (not shown), which in the case of an
annul ar conmbustor is coincident with the |ongitudinal axis of the engine.
|t is notReglre Bdt aabp hiewgdt Fp@tioe of aicbmbastonling depietipg dfcenrandersediadi ment of

~a -3 21 February ,2006. singl e .annul ar conbustor, the present invention is
equal |y élﬁ‘f'pmf‘ﬁla%ql%c‘? m&ﬁ&‘i’?qsfﬁgiecﬁrese%%%f%‘r, i ncl udi ng doubl e annul ar

conmbustors, which uses nmulti-hole filmcooling. Quter and inner liners 12

and 14 eaghr LMY DESCRIBITON OFEIE INVeNalioNhel | having a general Iy annul ar
and axially extending configuration. Quter liner 12 has a hot side 36

facing the hot conbustion gases in conbustion chanber 20 and a cold side 38
in cont Xeferiipg o tthe dravires warepein déentigal refareges apmerds dguoto the Same| ar |y,

inner liner I agi ! in
combust | SRSl il HER Houhflellh ! MlCh LRBRMG 1ORIARTEDe )
cool air siitablafeeuspass gagctuthine Batite. | Combestd?] (pindludés an mtendilerd2laadge nunber
of closely spaced cooljn oles 44 formed therein. Dilytion air,_is

ot mar | §h RO BEa L (BB RS PR SPBB e FtRh 18 BRLABIMS of

ci rcunf ergmbi.abi dshBAReDd Hd ifeRleRS 178 T sBaiblly diashosesh dpheach of
out er ang inner liners 12 and 14. Dilution holes 48 are generally far

smal | er iothen tonbefinetahcombniséon dwitien d0.h Slutss lindr 12antl eetcadingJoiformigbl e 48 has

acr OSS_-%%&%} ngsrégée 3 &aeréb%f%\t/eeln,s and inner liner 14 and inner casing 18 form an inner

passage 24 therebetween. A cowl assembly 26 is mounted to the upstream ends of
outer and inner liners 12 and 14. An annular opening 28 is formed in cow] assembly
26 for the introduction of compressed air into combustor 10. The compressed air is
supplied from a compressor (not shown) in a direction generally indicated by arrow A
of Figure 1. The compressed air passes principally through annular opening 28 to
support combustion and partially into outer and inner passages 22 and 24 where it is

used to cool the Hners 12 and 14.

Disposed between and interconnecting the outer and inner liners 12 and 14 near their
upstream ends is an annular dome plate 30. A plurality of circumferentially spaced
swirler assemblies 32 are mounted in dome plate 30. Each swirler assembly 32
receives compressed air from annular opening 28 and fuel from a corresponding fuel
tube 34. The fuel and air are swirled and mixed by swirler assemblies 32, and the
resulting fuel/air mixture is discharged into combustion chamber 20. The combustor
has forward 60 and aft 62 ends and defines a longitudinal axis (not shown), which in
the case of an annular combustor is coincident with the longitudinal axis of the

engine. It is noted that although Figure 1 illustrates one preferred embodiment of a
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substantially greater than the cross-sectional area of one of the cooling
holes 44. Dilution holes 48, and to a smaller extent G9 e&g hgS 44,
serve to admit dilution air into conbustor chanber 20 The "difl'ut1Ton hol es
are arranged in circunferentially extending bands around the periphery of
the liners 12 and 14. The forward-nost band of dilution holes 48 are
referred to as primary dilution holes. In the assenbled conbustor, certain
ones of the primary dilution holes 48 are aligned wth the injection
points defined by the circunferential |ocation of the center of the fuel

i nj ect or sifgde anrdilanvdorbastor,3he presedparentionrs earadlyf nplicdile o ABYISPE gases

nor eascqoipapF AP AERARls ol SBuG ST gy G RARE T pq B ¥

| ongi t udi nal ; because of the swirl of the flow in the conbustor caused by
the swi rl@uter @il inhbelisdrs 42landadeeact rosagrise atsiple oiatlc nrefad shell hatingliar ecti on

when viewed aJ ong the | ength of {he c ustor. Al thou the prjiqr art
cool i ng &GBVP%Y@H@E%FB@PH@ﬁ& PR CRIBHSIFAtgN Gt B P agwgﬁdsﬁé of the
conmbust Offaéih%%éh&%&%sﬁén 8 iR URSSorP Ehdntifer COTRISH QbId §ipens A2 and 14

subject to 'hot streaks canexhibit oxidation, corrosion and |ow cycle
fatigue (co@Ept With therrelativelpepolfdimincdutespassage P2. Sitmikely, rmey lingdd Refer ri ng

now t o Fi,qur. cool.tng hol es 44 di sposed .t hrou | ter liner
1" ar e otBhrids 40 R e Raf Bty HRPRG L BN A bl 20 PR B 2T |

outer |im@rin chatact with g Helhtivelyude airtin dshet Padsagd®4.c Bafh Guurali2 @nd ¢# cool i ng
hol es of .inner liner 14 is_ substantially i1dentical to that of outer |iner

12. As sidedlude slargegiumbir abclawebesnaged ewhing beles 4¢ Symeddhgreing j nner i ner 14.
Figure 2 includes a frane of reference having axes |abeled X, Y and Z,

wher ei n i 8ioh & ig%lﬂfa@'ifgﬁo%éeﬁ! in@ {??:g&rump cﬂé&nlgér% thidbgh %ﬁl}ﬁ@l&@)ﬁf arrow B)

t hr ough conbust or he circu entia I rection, I's a radial
di r ect i owirc@ofdréntigllhcpasd 44lutive halds A8 (Figirand) dispbsadnincesichl of ioater38@dt o hot
side 36 at

mne(f'1 liners 12 and 14. Dilution holes 48 are generally far smaller in number than the
cooling holes 44, and each dilution hole 48 has a cross-sectional area that is

substantially greater than the cross-sectional area of one of the cooling holes 44.

Dilution holes 48, and to a smaller extent cooling holes 44, serve to admit dilution air
into combustor chamber 20. The dilution holes are arranged in circumferentially
extending bands around the periphery of the liners 12 and 14. The forward-most band

of dilution holes 48 are referred to as primary dilution holes.

In the assembled combustor, certain ones of the primary dilution holes 48 are aligned
with the injection points defined by the circumferential location of the center of the
fuel injectors 34 and swirlers 32. In operation, the flow of combustion gases past
these circumferential locations create “hot streaks” of locally increased material
temperatures, These streaks are not strictly longitudinal; because of the swirl of the
flow in the combustor caused by the swirlers 32, the streaks are curved in the
circumferential direction when viewed along the length of the combustor. Although
. the prior art cooling provisions provide adequate cooling for the other portions of the
combustor liners 12 and 14, the portions of the combustor liners 12 and 14 subject to
hot streaks can exhibit oxidation, corrosion and low cycle fatigue (LCF) failures from

~ field use.



downstream angle A, which is preferably in the range of about 15 to 20.
Cooling holes 44 are arranged in a series of circunfe tiall t endi ng
rows 46.- Adjacent holes 44 in each row have a circunf éf@ﬁlﬂmﬁ‘lyy%@?e spaci ng
S, between their respective centerlines, and adjacent rows 46 have an
axial row spacing P. Referring nowto Figure 3, the cooling holes 44 are
arranged into three primary groups: a group 45 located in the area aft of
the primary dilution holes 48, another group 70 located in the area
forward of the primary dilution holes 48, and another group 88 disposed in
t he ar ea Raférdhg yowrte [Higiee &) ¢tdolipg ihotes widdiisposedihrdughespotor( of euter limesi t her

f orward r aft of .the primary. dilytion l.es 48).,.The .circu renti al

| ocat i on_qa(f‘ire PIFFEVIhE’aF’QE‘{)d‘?Fg}B éétﬂ? f@u@%ﬂg@gﬁ@ggﬁtﬁ,ﬁqlﬁg erﬁrlpeﬁ gure 3.
The par tijouf3hoddd bERherstdbd Hiat Bt ddafigurhfiéd of Sooting GUTEk OF @iiet Bhéryl4aiki gned
with the cup center 82 is identified b reference nunber 48a. The group 45

of cool i substastiey identieal tothat efpusgrtlingf 12.nAs suehatheyfolovingidsseriptiors7idg . The
cool i ng |.e 4. of 1 hi k QU P e Wt ' . jrection at
an angl eg%() ai’gf%lt"si“&‘s‘?gél elgl%g'vgl?é%ﬁgi g%o | Iﬁgadﬁrgﬁ%es 4{2?%@°'Sp‘§3"p&4§1‘*ﬁay be all
of the saimelddidqretad Z, ahereit X3sths dotvnstraaim stisipirectiornstitow (iodieatsé by

manuf acture. Alternatively, selected ones of the cqolin ol es 44 may have
| ar ger dieHRA®: B} thre ‘fqli'@?”éé%égi §d§é]ile ngﬁmlq&h@mcg%ﬁnﬂj Kot Bdigl of

group 45 aL&idl |HgChyTE 2l sBinfddt 86Ul LR KB Abt 8d656Gka angl e B
as shomd?f%&@gﬁg?a&g{ d osgiﬁga}%gaiﬁg )éspreferabl)(/) colrresponds to theaswi rli of

f1 ow t hr doghstomnbasglo i, ohzsdbis preferabhiir thei rengraBabaut L 5T o 26% Gaolige of about

30 to 65.,1n,an _exenplary enbodi.nent. .angl e B . he about .. -5 21
Febr uar yiﬁb’é 214,@16 FHGJSE o SEESIOf ﬁbrc%feéggﬁ@yi%@gllpgnrg‘gg Q%F o‘ﬁ%&ce{rﬁe

peri pher woRrk 44he ehélnRiw have 4 Bisduntaidh@l HOe spicinges, betli derltthein rdipdtise 48. The
cooling holes 44 of this grouE 70 are _angled downstreamin a Z direction

at an angPeterings apd adiaesbEp ve TR axightow fMycingd) es 44 of group 70 may be
all of the sane dianeter and cross-sectional shape in

Referring now to Figure 3, the cooling holes 44 are arranged into three primary

groups: a group 45 located in the area aft of the primary dilution holes 48, another
group 70 located in the area forward of the primary dilution holes 48, and another
group 88 disposed in the area axially in-line with primary dilution holes 48 (i.e.,
neither forward nor aft of the primary dilution holes 48). The circumferential location
of the nearest cup center is represented by line 82 in Figure 3. The particular primary
dilution hole that is circumferentially aligned with the cup center 82 is identified by

reference number 48a.

The group 45 of cooling holes 44 is located aft of the primary dilution holes 48. The
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-scctional 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°.
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order to ease manufacture. The cooling holes 44 of group 70 may be aligned
parallel to the conbustor's longitudinal axis in the %H%C nfegﬁﬂ%ial
direction, or they may be disposed at an angle to the”l ﬁgﬁ?ﬁflnal axis to
better direct the airflow as desired. For exanple, the cooling holes 44 of
group 70 may be circunferentially slanted or clocked at a clock angle B,
as shown in Figure 2 and descri bed above. G oup 70 is divided into first
and second sub-groups referenced as 71 and 72 respectively. The center-to-
center spacing of the cooling holes in the first sub-group 71 is generally
equal i n A tgsoumXP aif eoling iholes e isearanged dirousdt the meriphery ddstbe ilinsd lgnr e fully

bel ow. The second.sub- qgr .7 f roup. 7 f ' I 4 1is
rovi ded o e PLLE eimeh iRt o o g Raftt PO B%ER Fatlol o6 4a
of secondipglld-douRead? il & Hite:tivaME aflianpRt £ras Aiscuisbé abowd. | The badliag 44 of
first sub- ro‘%g 71, but theg are nore closely spaced in Qerp%fr to ., provide
mor e coolh(’?f‘@ plgroun 9apay ke ellafdhe same diapgisnad gassowrctions shaperler
pattern t - : Y ' ' iy flow
i on 15 eI EaRhat ThOURLe I I RS et B Pl T
subj ect tto thwtorsbusealsslongitudiml aexdnphaciycenfocdiiaeditectibe, arubeymapbe72 i s

djn the f f t.angl e wh ' in. di al .di.rection.
Because. diorel agepeRio MSra Bl sXiadn berts BRI R EIOP B BesiG1 B caks are
not pr eQaixﬁtﬁPBé, tHelcobiRth WMdlésu4 SYr&iy POHELS bE Birbith feRAGANY SiRedbr é1B&keaUP

centers 82 at the forward end 60 of the liner 12. Rather, there is sone
of f set  ofat airdodkoangla Beakshownt in Figersgeand describpd abope.c Snownr 40 gpdividedr ef or e,

t he positj t b-gr T2¢] e L.de 20 cool i ng
i n-a par hSa ekt BedRuPRibs e Fhd L B0 0 faBi Rl HE1RREES
sub- gr oupertér smingefahé silingi Hotesrihahe fitst abb-group O ik genaailpy et arth82 in the

direction of the flow swirl. Conventionally, cgoling holes in typical
combust ordXjal ARq girprylereptiph dissrtons, as draepbydsMogs, okl deldym | B pecq -0. 02

i nches (Gl oPil ofni:HTISLoBITAL BbicO & RN AlardlM hotGmbakiiches (3.3

mm, or met er st e axi row spacing 1s generally -

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-




21 February 2006 equal to the circunferential hole spacing. Specifical ly,
Figure 3 shows a portion of conbustor liner 12 haV|ng ﬁ?@ :ﬂggup 71 of
cool ing hol es 44 havi ng conventional spacing (i.e., entlal hol e
spacing S and axial row spacing P are both about 6.5 hol e di ameters or
0.13 inches (3.3 mmM) and the sub-group 72 of cooling holes 44 (enclosed
by dotted lines in Figure 3) with a tighter circunferential hole spacing S
Preferably, cooling holes 44 of sub-group 72 have a di aneter of about 0.02
inches (0.5 mm) and a circunferential hole spacing S of about 4 hole

di anet er sqoal 10,108 cnomh&sen(ual holayspading.i Spovifichily) Rigere Scehwavsos petiienmiesent

I nvention t r t.he.su h axi aci ng;
however , H@) gt% ?erelg\,@,lag&gc ﬁg lﬁgF(}]ilp%L}bOft%’Pgﬂ%h‘}g Et%haxgpg% lr“éeg’ﬂ?g{ihe same
as that ohadiad (., WiRurhieremial hsleépating SSamEatiol @wligaeiipal afeddoti @bdut
sub-group 71 and sub-grou machi ni_ ng _oper ati ons_can b? %rforrred

72
cont i nualf-3holgidigmsiers Péadgriil?bgs &£h3 mra) end e subeareny Thet ¢aq olead4cool i ng

hol es 44 h II ih ut
hol o 46, YRR B9, iReA TR PERRES IR o dothd) citclifif %@%%}“}‘1 “*P’gé‘gf’%%’mg& heent to
E:I he pri reaefgrably, ubolimg Hmiﬂse@: ofaab-gfougﬁédlam t dianeterodipbag @t(ﬁrlsc}&ﬁ (&pe
' d
center  pda fuhs Graminta Rt arateth el et AdelF SFRaRron T 20842 0"t he”
ci rcunf engiy i Alis @sthﬁ%e @dﬂ)pe'(ﬂf thdpresehf® ¥Rt loqiatide ﬁfeodubryodﬂ TWyith provi ded

at the circunferential |ocation of the primary dilution hole 48a. In the
exenpl ar & eghterdixiainmovs spasing; Bowveyeast tlmmu@jrr@&vpsmm@fl’ D OPPgoHB| dsis44 i s

| ocat ed even rimar | rection,
and is dreps Ei c}ﬁ?g eaeStYlataoglsgl$ g?(ﬁlé’ pr| %éﬂf:ts%}ﬁ &%%M%W{b&

ci rcunf ersghlptclp Ti arRCéubogroup Tnem@aﬁhmg@pmheﬁs et 689 parfdimgd aoptimudllgr e angl ed
inthe circunferential direction so that they point towards primary

di | uti on Withost wguirng apaddifiend SeMBQRF@HPRCt i on. The cooling hol es 44 of
sub-group 74 may be angled at about +45 with respect to the |ongitudinal
axis. Ang I a@,p(g e sub-
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ci rcunf erheksi 48. W1th1n th1s 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.




direction. The cooling holes 44 in sub-group 76 are angled in the

circunferential direction opposite to cooling holes 44,i - up 74, so
that this sub-group 76 also directs cooling air flow ?(I)ng]l%g@aﬂogn

directly downstreamof primary dilution hole 48a. -7 21 February 2006 The
cooling holes 44 in sub-group 76 may be angled at about -45 with respect to
the longitudinal axis. Additional sub-groups 78 and 80 of cooling holes 44
maybe added to further inprove cooling at the cup center position. Again
referring to Figure 3, these additional sub- groups 78 and 80 of cooling
hol es 44 Theeoplieg belaed4 innpd-zovp 26 mayds ageied o6 atront o with respastitnilly be

di sposed ,out.si.de, of. sub-groups 74 and 76 in the circunferential direction,
and may 6%m$%@8W£%%%sed with additional primary dilution holes 48. In one
enbodi ment, groups of cooling holes 44 may be interspersed with prinmary
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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,




appended cl ains. 21 February 2006 Clains: 1. A gas turbine conbustor I|iner
conprising: a shell having forward and aft ends and def i2diBehrumry 200 t udi nal
axis; at least one dilution hole formed in said shell; and a group of
coollng hol es having a dianeter substantially snaller than the dilution
hole and fornmed in said shell forward of said dilution hole, said group
conprising first and second sub-groups, wherein said cooling holes of said
second jmgr oup are nore closely spaced than the cooling holes of said
first sub-group of cooling holes, wherein the cooling holes of said second
sub-group are d y. rectangul ar pattern, the center of
saldgpat?ern gﬁgﬁgﬁggéPﬁ%mngﬁnr““:un?e ential direction fromthe center
of said dilution hole. 2. The conbustor liner of claiml| wherein said shel
has an annul amn shehhavitg forwand andad cads anddefinimga loakitadindl agt d first and
second sub-groups are all arranged in a series of circunferentially

ext endi ng rows,, wherei.n adj.acent olin | es.in each row have a
circunferentlﬁfkﬁﬁpgegﬁgﬁﬁh@ﬁ%ﬁﬁnﬁgﬂhﬁ% Fh b#d have an axi al row spaci ng.

3. The conbustor liner of claim2 wherein the circunferential hole spacing

of said secopdysisp ogr@uﬁngrmole@q&vtﬂ@aa dififeter &@mﬁnﬁwtsh@hem{aﬁ @paci ng of
said first sub- ]grou he conbustor liner of claim3 wherein the
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ci rcunf erentl al _hol e spacing of said second sub-group is_equal to about 5
hol e di afealimgsholes, wherein the cooling holes of said second sub-group are disposed i 1n a

generally rectangular pattern, the center of said pattern being offset in a

circumferential direction from the center of said dilution hole.

2. The combustor liner of claim 1 wherein said shell has an annular configuration
‘and said cooling holes of said first and second sub-groups are all arranged in a series
of circumferentially extending rows, wherein adjacent cooling holes in each row have

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

3. The combustor liner of claim 2 wherein the circumferential hole spacing of

said second sub-group is less than the circumferential hole spacing of said first sub-

group.

4. The combustor liner of claim 3 wherein the cooling holes of said group are

parallel to said axis in the circumferential direction.

5. The combustor liner of claim 3 wherein the circumferential hole spacing of

said first sub-group is equal to about 6.5 hole diameters.

6. The combustor liner of claim 5 wherein the circumferential hole spacing of

- said second sub-group is equal to about 5 hole diameters.






