METHOD AND APPARATUS TO FACILITATE REDUCING NOx
EMISSIONS IN TURBINE ENGINES BACKGROUND OF THE
INVENTION [0001] This invention relates generally to gas turbines and,
more particularly, to methods and systems that facilitate reducing NO,
emissions from turbine engines. [0002] At least some known combustors
used with gas turbine engines produce NO, emissions as a by-product of
the condii§tioDIprédEss PEBARSANS the Eadse bf ALY, RRi¥sichsimay be

two-fold. First, h erw d within the
combustor fa(:llltat?e))fhe pro ucﬁgn{i ‘?ﬁﬁﬁ ?nglssmns Second,

an increased residence time, or time required for fuel and air to mix within
the combustor also facilitates increased NOx emissions. [0003] To
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into effect after Decem er 31, 2007. SpeC| caIIy, ome known
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combustor. However, within such combustors,

[0003] To facilitate reducing combustor temperatures and residence
times, at least some known combustors include dilution holes formed in the
combustor liner. Specifically, the dilution holes are positioned to discharge dilution
air into the combustion chamber to facilitate increasing the rate of mixing of fuel and
air within the combustor. Moreover, the dilution air facilitates reducing the

combustion temperature while maintaining desired combustion levels.

[0004] Generally, because of the positioning and/or orientation of
ditution holes within the combustor liner, at least some known combustors which
satisfy current emissions standards, as specified by the International Civil Aviation
Organization (ICAQO) Committee on Aviation Environmental Protection (CAEP), may
not meet more stringent standards. For example, at least some known engines that are
capable of meeting current CAEP standards (that are effective as of December 31,
2003}, may not satisfy future CAEP standards that come into effect after December
31, 2007. Specifically, at least some known engines include dilution holes positioned

only at a downstream end of the combustor. However, within such combustors,
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-1 dilution air does not facilitate residence time reductions and combustion
temperature reductions at a forward end of the combustion chamber,
where NO, emissions may be generated. BRIEF DESCRIPTION OF THE
INVENTION [0005] In one aspect, a method for fabricating a combustor
liner for a gas turbine engine is provided. The method includes providing
an annular shell including a plurality of circumferentially extending panels.
dilhienpiur ality ebicisenmierentiadhcexienrding.pappisinciugesiadistpapelature

cgjg\ai/:)ifoﬁned atan ucPstream end of the shell and a second panel positioned
re IO AEd SRE AR eATTRSHE? ARAOMel o Ndurdysiisgs may be

geHehgeles forming a plurality of primary dilution holes in the first panel and
forming a plurality of secondary dilution holes in the second panel. The

B@Higﬁgeﬁsﬁﬁg{ ogggnﬁkmfé%f dilution air into the shell. [0006]

n-another aspect, aco ovided. The combustor liner
includes an annular shell including a plurality of circumferentially

extending PAREE. Thieopluratieylof eirebiattéreriabrigasendipg pairdiner for a
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second panel positioned downstream from, and adjacent to, the first
ingadiel Tmepb@!@ibmwﬁ |ﬂh@ua1§a”qnéﬁlhesex$prﬁrmitp@f@&ﬁr-imaﬂjl@@mtmﬁty of
cidplesfarmed indagdirst panel and.aRlurality of 2econdanydivtion hgleam
formed in thé second panel. The dilution holes are configured to
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and a combustor comprising a combustor liner that includes an annular
the et ipriakiing dophirslierdirshitvriferentidaly deiriinty|parelse Frrend panel.
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positioned at an upstream end of the shell and a second panel positioned

downstream from, and adjacent to, the first panel. The combustor liner
also inche[é)%OB}uréﬂtyan)ther aspect, a combustor liner is provided. The:

combustor liner includes an annular shell including a plurality of circumferentially
extending panels. The plurality of circumferentially extending panels includes a first |
panel positioned at an upstream end of the shell and a second panel positioned
downstream from, and adjacent te, the first panel. The combustor liner also includes
a plurality of primary dilution holes formed in the first panel, and a plurality of
secondary dilution holes formed in the second panel. The dilution holes are

configured to discharge dilution air into the shell.

[0007] In a further aspect, a gas furbine engine is provided. The gas
turbine engine inchudes a compressor and a combustor comprising a combustor liner
that includes an annular shell including a pluraiity of circumferentially extending
panels. The plurality of circumferentially extending panels includes a first panel
positioned at an upstream end of the shell and a second panel positioned downstream
from, and adjacent to, the first panel. The combustor liner also includes a plurality of
primary dilution holes formed in the first panel and a plurality of secondary dilation

holes formed m the second panel. The dilution holes are configured to discharge
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primary dilution holes formed in the first panel and a plurality of secondary
dilution holes formed in the second panel. The dilution holes are
configured to discharge -2 dilution air from the compressor into the
combustor. The dilution holes are further configured to facilitate reducing
NO, emissions in the gas turbine engine. BRIEF DESCRIPTION OF THE
DRAWINGS [0008] Figure 1 is a schematic illustration of an exemplary
dilgasn teirbireretigi men[ﬁﬁ@ﬁ}rﬁigur&zﬁ iaseftematihcriigisadiidnalaviefuraicr
co SFRTEMPIEDY COmBSI AL may S oot Wit he A3 urbine enaine
igure gure IS"a perspective view of an
exemplary combustor Ilner that may be used with the combustor shown in
BREGuieE2 (800 1]y (e BHE HPe¥spBetive view of an alternate exemplary

combustor liner that may be used with the combustor shown in Figure 2.

DETA”—ED{@@@?RWU[QN QF I%H&Wa%yngg{r@%zbﬁgﬂr%ﬁeﬂﬁﬂmy gas

schematic illustration of an exemplary gas turbine engine 10. Engine 10
RIBIEIow pressure compressor 12, a high pressure compressor 14,
and a combustor assembly 16. Engine 10 also includes a high pressure

turbine 18, pd e |0W@$Sd£&1’[§d§bhﬂﬁdﬂ@ amsa@gadimaa svmaloﬁxiabﬂ@nplary
atlons Com res 2 and turb e 20 are a first sh ft 21
0 83‘86%?&%}’ H“S 8"{ Bitets HF 1%%8%%?) 1§“§ﬁ t
the exemplary embodiment, gas turbine engine 10 is a CFM56 gas
turbine eng {A816Y CEBAvt0Xhat aapersivaitalsieviromoG enesabBEl8atriccombustor

1mer°r?‘a"t’?nér4{ ANCNfl, QU %o%&&%@%&%%d%é%ﬁcr‘?ma“c cross-sectional

vView 0 exemplary combustor 16 that may Uséd with gas turbine
engine 10 (shown in Figure 1). Combustor 16 includes an outer liner 52
and an inndPfihél 5Hi8EEosel FetMESICEHH OUIEHCOMBOSIbCERS g sEplary

coRii 28} RS RAMDHSIRNSBS RGP th QA ARG BRRT RS gure 2.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Figure | is a schematic illustration of an exemplary gas
turbine engine 10. Engine 10 includes a low pressure compressor 12, a high pressure
compressor 14, and a combustor assembly 16. Engine 10 also includes a high
pressure turbine 18, and a low pressure turbine 20 arranged in a serial, axial flow
relationship. Compressor 12 and turbine 20 are coupled by a first shaft 21, and
compressor 14 and turbine 18 are coupled by a second shaft 22, In the exemplary
embodiment, gas turbine engine 10 is a CFM56 gas turbine engine or CF34-10 that

are available from General Electric Company, Cincinnati, Ohio.

[0013] Figure 2 is a schematic cross-sectional view of an exemplary
combustor 16 that may be used with gas turbine engine 10 (shown in Figure 1).
Combustor 16 includes an outer liner 52 and an inner Iimer 54 disposed between an

outer combustor casing 56 and an inner combustor casing 58. Outer and inner hiners
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-3 52 and 54 are spaced radially from each other such that a combustion
chamber 60 is defined therebetween. Outer liner 52 and outer casing 56
form an outer passage 62 therebetween, and inner liner 54 and inner
casing 58 form an inner passage 64 therebetween. A cowl assembly 66 is
coupled to the upstream ends of outer and inner liners 52 and 54
respectively. An annular opening 68 leading to an opening formed in cowl

52 assembily66 anrdbies Aonfaiessach ate enidr wambusiciutidn ahdireelian is

enerally jndicated by arrow A, The compressed air flows through annular
depih i fﬁ‘é@%es&pp%wee'&m&éﬁowgr?&&%‘ ﬁ%ﬁ}ﬂatéﬁcé%m@w%@ﬁﬁae 62

thbdhdBd4] Ananmuaridemeplaie Toextends betwveem and isepupled §e, 64
outer and inper liners 52 and 54 near their ypstream ends, A plurality aof,
g TP oy T AR Mg o STl BBl Ferpiagner
linéf}. Baghl swidescrssemblyy Znieteivas compreksath aitlmnpaningétd in
and fuel from a corresponding fue| tube 74. Fuel and air are swirled and .
ORI TENED (A e OB Gl i TERUI it
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longitudinal axis 75 which extends from a forward end_76 to an aft end 78
8§ SRS TR T B DDA BRI SoAELor 16 i o angle

annular combustor. Alternatively, combustor 16 may be any other
combustor, [ii¢lddingyroartodir knitedpiata dowblenanimetsireeombdstoroupled to,
ou@p 13 Oyr%?erzraﬁl%e'pn%’izlma P %% ax%i 15 4&%%Chul ns(i*lrlégx% ae%'c%‘sr.a!'%Of éurality of

overlapped panels 80. Tn the exemplary embogllment, outer liner 5:
crinsiudes fivky panels 801aied inswnbiner B2 ineludgdfour panelp80¢ INdanEach

1[} nati i{.ng # mngo inner liner 52 and.54 may eact

s e e L A A bt e e o
cog@swithdmeohmtustor 16. Specifichtly, imcthseviskd mplanyembogithent asgyaiter

itst.panels 82, posific Y m, defi PEMArY. G Sti
S TR T o
chg@bdefite dromiarstiadidterctrmbustibmgoné8s, anel.7a pdirdf thikh gadels a
forward end 76 to an aft end 78 of combustor 16. In the exemplary embodiment,
combustor 16 is a singie annular combustor. Alternatively, combustor 16 may be any

other combustor, including, but not limited to a double annular combustor.

[0015] Outer and inner liners 52 and 54 each include a plurality of
overlapped panels 80. In the exemplary embodiment, outer liner 52 includes five
panels 80 and inner liner 54 includes four panels 80. In an alternative embodiment,
both outer and inner liner 52 and 54 may each include any number of panels 80.
Panels 80 define combustion chamber 60 within combustor 16. Specifically, in the
exemplary embodiment, a pair of first panels 82, positioned upstream, define a
primary combustion zone 84, a pair of second paneis 80, positioned downstream from
first panels 82, define an intermediate combustion zone 88, and a pair of third paneis
90, positioned downstream from second panels 86, and a pair of fourth panels 92,
positioned downstream from third panels 90, define & downstream dilution

combustion zone 94.



90, positioned downstream from second panels 86, and a pair of fourth
panels 92, positioned downstream from third panels 90, define a
downstream dilution combustion zone 94. -4 [0016] Dilution air is
introduced primarily into combustor chamber 60 through a plurality of
circumferentially spaced dilution holes 96 that extend through each of
outer and inner liners 52 and 54. In the exemplary embodiment, dilution
holes 96 argeach Subatmt@ﬂymmutaimﬁdaprahaﬁmﬁtin& ambbdmmhambex

d ution, holes 96 have.an e that facilitat uci ons
e BRI e BB SSRBo G b g Bpfend
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dilution air nto er omb ion zope 88. [0017].In
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16. The orientation of the dilution holes 96, and in particular, because at

least one prigany dijytigh hale 3815 SURSIAM a'léééﬂ ange.witheash hole 96 is

Jinjection point, facilitates reducing hot streaks and, more particularly, NO,
substiirdidhsalvizngd with each circumferentially-spaced 111_]th101] point, as defined by

a center of each fuel injector 74 and swirler 72. During operation, the flow of
combustion gases past the injection points may create "hot streaks” of locally
increased material temperatures. Such streaks are not strictly longitudinal; because of
the swirl of the flow in the combustor caused by the swirlers 72, but rather the streaks
are generally curved in the circumferential direction when viewed along the length of
the combustor 16. The orientation of the dilution holes 96, and n particular, because
at least one primary dilution hole 98 is substantially aligned with each injection point,
facilitates reducing hot streaks and, more particularly, NO, emissions within
combustor 16. Moreover, the placement of secondary dilution holes 100 relative to
primary dilution holes 98 also facilitates reducing NO, emissions. Specifically,
primary dilution holes 98 and secondary dilution holes 100 facilitate rapid mixing of
fuel and air such that the residence time of combustion is reduced and, as such,
combustion temperatures throughout combusior 16 are reduced. As such, that-NOy
emissions, smoke, and combustor exit temperatures are also facilitated to be reduced.

Specifically, primary dilution holes 98 and secondary dilution holes 100 may reduce
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combustor 16. Moreover, the placement of secondary dilution holes 100
relative to primary dilution holes 98 also facilitates reducing NO,
emissions. Specifically, primary dilution holes 98 and secondary dilution
holes 100 facilitate rapid mixing of fuel and air such that the residence
time of combustion is reduced and, as such, combustion temperatures
throughout combustor 16 are reduced. As such, tita?-NO, emissions,

NCamakesiand wombuistal exitterperatives ase, Asadacilitatedtodd secondary
.. reduced. Specifically, primary dilution holeg 98 and secondary dilytion ,

g ) o 02 SRR SCHTBINAS S0Dea b antially

Jin®MpreayesAilkdion hgles 98 andsecandatyegibdianhblesd)0saod 102 NG,
facilitate operating the comhustor with a substantially linear t eratyre
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inca¢gsfidrther reduced and a life-span of the turbine engine is facilitated to be
increased. [0018] Figure 3 illustrates an exemplary combustor liner that

may be us jth combustor 16. Specifically,in Figure 3. the dilutio
ot 96 i) (e o T R A R 8wy e
usaletaith AdthougioFigare Spdehictdl vdilutiorzheles d6cintdutenlinelcs26tthat are
deﬁrﬁé’é"d'&%‘%‘q@% siood-that the configuration.of 9&!&4“%@%‘8&?@2%16 oL %nﬁerpicts
iner 54 may esurbstantla?ly identical to that of outer Tiner 52. As suc ,
dilthefioliolwintpdescriptidmenili alsoshpply te inndetinedShaFibareo8faismtion of
dii%lr{%qu%%% : %%]IEH?I{ [ETHENCE rrrilgl YIOd AXGe Ill%lkglﬁlfgd%(ﬁﬁY ﬁr{g %aWS‘F 5%'[@1)&161'
represents the axwﬁr Istance eﬁendmg ownstream aﬁongt e
52|oAgitudmahaxidl (indigates-hytiamrow! Blsofggiybostoret 6inyr rieprésewts Hhdso
indill gsr%f%rrglﬁgailgd %%&%9@6??91%' %?&@gqgggltgda){?qlaaln%r E%@i‘éﬂlt&ereé)fresents
exemplary embodiment, dilution holes 96 are arranged in a pattern
theirsighiEremtiallyeseemdindorowy chord spe dificatiygimdhen exempladigated by
arnSPORTDE A 1Y REMEY ARUIGRIIES oR Al AQURed MR ana 2
panel 82, and a row of secondary dilution holes 100 are formed within
refgesonie panéialgdiriMoraoven, thetvearplipiamyerdboditehityatiehsicor® are
anqﬂlégg QHhQ lﬁa?tgrwlg?'gircumferentiaﬂy extending rows. More specifically, in the
exemplary embodiment, a row of primary dilution holes 98 are formed within first
panel 82, and a row of secondary dilution holes 100 are formed within second panel
86. Moreover, in the exemplary embodiment, at least one dilution hole 96 within
each row of primary dilution holes 98, and at least one dilution hole 96 within the row
of secondary dilution holes 100 is substantially aligned with a longitudinal axis 140 ot

each swirler 72.

[0019] The primary dilution holes 98 include a first group of dilution
holes 150 and a second group of dilution holes 152, In the exemplary embodiment,
each of the first group of dilution holes 150 has a diameter D that is substantially
larger than a diameter D, of each of the second group of dilution holes 152.
Moreover, in the exemplary embodiment, each dilution hole 96 within the first group
of dilution holes 150 is defined between adjacent dilution holes 96 within the second
group of dilution holes 152. In addition, in the exemplary embodiment, the secondary

dilution holes 100 include a plurality of evenly spaced dilution holes 96 that each
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each row of primary dilution holes 98, and at least one dilution hole 96
within the row of secondary dilution holes 100 is substantially aligned with
a longitudinal axis 140 of each swirler 72. [0019] The primary dilution
holes 98 include a first group of dilution holes 150 and a second group of
dilution holes 152. In the exemplary embodiment, each of the first group
of dilution holes 150 has a diameter Dr that is substantially larger than a
havdiamiietdy db eakly of the skecohdrgbotip dfaciletten Dolesd152. Maonkewenre,
.. in the exemplary embodiment, ea ilution hole 96 within the first grou
bR b T e A
pritiesedbndngrauop-of dHutionhales Ea2misladditamoditeexeénplary D, is
embod1i:rr11ent, t_kf}e $ condta%dilut(i%u holes 100 include a pluralit ?fl o t
PRLEHRH S Al i oI oTeS a6 At €48R° T HAVE S dia AR B Rt 8
fousnmalterdihawetboily diameters D1 and D,. Furthermore, dilution holes 100
are spaced a distance D4 from third panel 90 and a distance D5 from

primary d"'fgé’ibﬁ‘o'eﬁﬁ%h@ t'é;%ﬁgﬁfg?f'%}ﬁ%@lﬁ&%ﬁﬂe%Jdi§§a’1f%ﬁaB§ij;ﬁately

approximately one-half diameter D3, and distance D5 is equal .
0.38ppbdXimateheno 162 four thnediagieter D31 PEROJIn thehexermipidryDs is

app%mglqlc@?? ot @7%:@ rogimately,,d ﬁ%&%@v@oeﬁﬂﬂg&%?e&%h%h dilution hole

approximately 0.31210.005 inches, and D3 is approximately 0.297*0.005
96 incHesnhd anl@ltematividabiabbdinibat, lseidhadéutionstle BOis dovnrsehivithin
20 @¥%SYiaRIe At iRt Reles rednGing MO, GRISSIONRS:IM, AAAIURD.oER e

alternative embodiment, each dilution hole 96 is formed in any suitable
locseationcsicoréntativn thritifaicinfusahisdivsdddte s NEYBMIssions.

[0021] Liner 52 also includes a plurality of cooling holes 160 formed in

both seconghgane! 8&:andxhicd paned&0: Flarling boles 1LOHaRUEEE formed

~cooling liner 52. In the exemplary embodiment, secondfpa,n,el 86 includes
in hothspost wertyS cavhibinbread 66 it dtasnived HetirddR giramome Hoer
s2hol@stB6, aRehPrie Rasd Bthent, second panel 86 includes a group of twenty

cooling holes 160 that are defined between dilution holes 96, and third panel 90
includes a group of thirty-four cooling holes 160. Although, only one group of
cooling holes 160 is illustrated in each of second panel 86 and third panel 90, 1t
should be understood that the groups of cooling holes 160 are spaced
circumferentially about second panel 86 and third panel 90. As such, in the
exemplary embodiment, second panel 86 includes a total of four hundred cooling
holes 160 defined between adjacent dilution holes 96, and third panel 90 includes total
of six hundred eighty cooling holes 160 spaced circumferentially about fourth panetl
92. Alternatively, second panel 86 and third panel 90 include any number of cooling
holes 160 that facilitates cooling of liner 52. Further, in the exemplary embodiment
cooling holes 160 have a diameter Dy that is approximately 0.025 inches. In an

alternative embodiment, diameter D¢ is any size that facilitates cooling of liner 52.

[0022] Figure 4 illustrates an alternative embodiment of outer liner
52. Specifically, in Figure 4, cooling holes 160 are positioned along an upstream

edge 170 of second panel 86. Although Figure 4 depicts cooling holes 160 in outer
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includes a group of thirty-four cooling holes 160. Although, only one group
of cooling holes 160 is illustrated in each of second panel 86 and third
panel 90, it should be understood that the groups of cooling holes 160 are
spaced circumferentially about second panel 86 and third panel 90. As
such, in the exemplary embodiment, second panel 86 includes a total of
four hundred cooling holes 160 defined between adjacent dilution holes
1in865Aand dhitdpba ahﬁ&h&@dﬂdﬁaﬂﬂiah@f@mﬂ&ﬂﬂdreﬂ ®ighty toddngdoodesnner

ARSI G G g WA RIS ol Wolelisan AL

dedadiitates Coakngphliner b eFlirthesdin hhe}exemmlp]rargembb@lﬂmmt cooling
0 holes 160 hav a diameter D6 that appr le e
o A ARG SASBETBH larEXSH DB T4 Sy 190 T ALHRICa! s
oraapolifify bidinediaiefeO2P] Iagmredbiﬂm@ﬁﬁateslan alﬁermaﬂw&degaqulmenm@f a
outer liner 52. eC|f|c Ily, in re 4 co IJn holes po itioned
dla eter ﬁgﬁ ups rg% Q gﬁe%ﬂ% St %(? of a K é%oﬁﬂifgg% g IEC'[GI‘ Da.

ong a dcond | p gure
Dlﬂematsmpmlrgdmgﬂzﬁo d=outer ¥ |iner 5d;atshould-bes L@ﬁ@tratahdnthﬁth

the corglguradt nof gh Ie§h160 of inner liner 4ma

ek fiaffyi eralltlcaﬁo Rat oIf outer finer 527 ASSUEH{He fo S%I%QP anel 86

incdimmrmphmaﬂmﬁ alsadpplifictignardib@t, Eséccbnd@@xﬂﬁﬁl&rxyﬂﬁﬂnhb@mmﬂé

(é?Ohn% Iesl 0 are arra Q%E |n three gi' 9yps. Sg?mflcg beach co I of

ot & firs Og%gll%t as A diameter D7 PRACREDof g hors

upsireeconiggrolip ﬂtmm::l}satrdmmétmtmﬁi andeatth toeolhphrodtect6thof apots

third rom:jg) 176 Qas a d| met r D9 Dlam?j%r Ds is. reat fhan diameter
iam

R SRSt B 1 reater a0l daelay DY ahd Giistor Do

uphir¢hR @c@mﬂ@yaémboéhmem sécsmdmhpeh%é%ﬁwdﬂadé&a qalwéatm;egf fower

each OffII’St roup.172,.s co up.174, and d arou In
o ey BRI CHoh Tt oS £3'8 PGty Shefepond

gméﬂ@mpeaﬁned@elmﬁ@ at@myl lpeatiompefrsanondipalid] 86 shat location of

seco}%e”a%pe M cf?lgésa during j{/‘ ne ?Qeraé'l%?esté”‘rﬂgele"’%&het?ﬁr%&npa ts0n to
posi one along secon ane
locations having group 172 and group 176.

[00231 The above-described primary dilution holes and secondary
dilution holes facilitate reducing a residence time of combustion and providing a
lower combustion temperature throughout the combustor. As such, NO, emissions,
smoke, and combustor exit temperatures generated within the combustor are
facilitated o be reduced. Furthermore, location and orientation of the dilution holes
facilitates operation of the combustor with a substantially linear temperature change
in response to increased combustion. The linear temperature change of the combustor
facilitates reducing NO, emissions and increasing a life-span of the turbine engine,
Specifically, the above-described dilution holes may reduce NO, emissions by as
much as 20-25%, such that the above-described methods and apparatus facilitate

engine operation within specified CAEP requirements.

{0024] In the exemplary embodiment, 2 method for fabricating a

combustor liner for a gas turbine engine is provided. The method includes providing
-8-



upstream edge 170 at any location of second panel 86 that has a
relatively lower temperature in comparison to locations having group 172.
In addition, each second group 174 is positioned along second panel
upstream edge 170 at any location of second panel 86 that has a
relatively an intermediate temperature in comparison to locations having
group 172 and group 176. [0023] The above-described primary dilution
an holed anchaké donbidiy gdil utiomeholestfaoilitatéarenuaing & residenpertalne ofhe
P R O AR e R AR o
uptenaperatdres genehatedmvithirsthendominebtorarenfatilitateditoabe from, and
reduced. Furthermore, location.a rienta}_ti n glne dﬁilgti n hﬁ)ges £ prims
ad) 4G |§§?'§%p%rrsgtpoaﬁl%ﬁ tﬁg zom hﬁ%?g?s\?vﬁfﬁcausﬁ s?antllnaﬂy lhear > © prmary
dilteimperatsie hafige pmrespdrisentioinerghisettpomibrestidaryT théuliivearoles in

e SHIREHAME Chanag, of e @Q%‘;ba‘%étaﬁnﬁﬁ&ﬂjé%t?é é%%ﬂa%;%? ﬁﬁ%ﬁf‘i%ﬂ%sme
an mm%asmg a life-span of the turbine ngine. Specifically, the
sh@bove-described dilution holes may reduce NO, emissions by as much as

20-25%, such that the above-described methods and apparatus facilitate

engine opefgiog willin,spegiiedl GAER AL ke mManteciRA2A] 4 WRpular and

exemplary embodiment, a method for fabricating a combustor liner for a

progasdetonth dhgineid providedn T e FRlstisRtHebre Viding e ding plural
sai@nBelaEabel inglyding aRluality of sirgumierentipihnextending paRgisrmore,

The plurality of cwcumferentialliy extending panels includes a first panel
refgEsgieRmérl R cHPSYERMEnaofh PLNEN aifty EhleR ot pandnifaitbriedbe
intfQMasiream o And AGIAGRIM 30 - Hagitish RaNeld e athosd R$ecorporate

includes forming a plurality of primary dilution holes in the first panel and
theaprmiag f§35IiPality of secondary dilution holes in the second panel. The

dilution holes are configured to discharge dilution air into the shell. [0025]

As used hefegincan alrheagph ofsteppeciied imthensingidatandibed herein are

described in the context of positioning dilution holes in a combustor liner of a gas
turbine engine, it is understood that the apparatus and methods are not limited to gas
turbine engines, combustor liners, or diiution holes. Likewise, the gas turbine engine
and combustor liner components illustrated are not limited to the specific
embodiments described herein, but rather, components of both the gas turbine engine
and the combustor liner can be utilized independently and separately from other

components described herein.

[0027] While the invention has been described in terms of various
specific embodiments, those skilled in the art wili recognize that the invention can be

practiced with modification within the spirit and scope of the claims.



proceeded with the word "a" or "an" should be understood as not
excluding plural said elements or steps, unless such exclusion is explicitly
recited. Furthermore, references to "one embodiment” of the present
invention are not intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited features. [0026]
Although the apparatus and methods described herein are described in
WhElcbntexa o¥pdsitfoning dilution holes in a combustor liner of a gas
turbine engine, it is understood that the apparatus and methods are not

limited to gas turbing,gRYNESHGEMBHSIALIRErS, or dilution holes.
Likewise, the gas turbine engine and combustor liner components

illustrated are not limited to the specific embodiments described herein,

but rather, EBrAPSHEN 6 BB HEGAsNIBINE AFHE RATFREABhIERe

pabiflel GaR:be ulizetiindependentiynand:separaieinitomn pihek campenentsst
described herein. [0027] While the jnvention has heen described in terms
PaRl\ BPRITRUEH SEIAE SBEEHMETE, ¢ S R b S ReRGhmgdtioned

dothadthed Txantiani cambeaprastiredwithwendification within the spirit and
scope of the claims. -9 WHAT IS CLAIMED IS: 1. A combustor liner

comprising; ag, annular shell neluding. a pluralibof creumierpnliali g
extending pgnef%, whefein sal plurality of circumterentially extending
panels includes a first panel positioned at an upstream end of said shell

and a secoad’panrkpositietsadatowstienioirsnioEnet ddjseshsesosaiganel,
sait IHRAGEh ARINEAEY L PR divianfoles farmedin gaid first panel;

and a plurality of secondary dilution holes formed in said second panel,
said dilutior1} holes configured to discharge dilution air into said shell. 2. A
combustor fner inAcIRPHKE WiF Clahcriiersintadig-lam | wherein said

secondary dilution holes are positioned a distance from said primary dilution holes,
said distance within a range of twice a diameter of said secondary ditution holes to

four times said diameter of said secondary dilution holes,

3. A combustor liner in accordance with Claim 1 wherein said
primary dilution holes comprise a first group of dilution holes and a second group of
dilution holes, said first group having a diameter that is larger than a diameter of said
second group, each dilution hole of said first group arranged between adjacent

dilution holes of said second group.

4. A combustor liner in accordance with Claim 1 wherein said
primary dilution holes have a diameter that is larger than a diameter of said secondary

dilution holes,

5. A combustor liner in accordance with Claim 1 wherein said
secondary dilution holes are positioned a distance from a third panel downstream
from said second panel, said distance is one half a diameter of said secondary dilution

holes.

-10-



secondary dilution holes are positioned a distance from said primary
dilution holes, said distance within a range of twice a diameter of said
secondary dilution holes to four times said diameter of said secondary
dilution holes. 3. A combustor liner in accordance with Claim 1 wherein

- said primary dilution holes comprise a first group of dilution holes and a
second group of dilution holes, said first group having a diameter that is

larger thant diametepabasiar detanengreaprdeaeh diitkiohlnele bf ¥hRIcn 2
sediiREIOURATANGE] Refwari adiacent,diltion holes. 0t SaisReeBd: fuel/air

~group. 4. A combustor liner in accordance with Claim 1 wherein said
mipRganpdilstidelholes have a diameter that is larger than a diameter of
said secondary dilution holes. 5. A combustor liner in accordance with

Claim | wherein saidcs@sandaniditutiondeiesae wasitoned a distarge said
from a third panel downstream from said second panel, said distance is

dilgrenmites fisiateroiising SEeofias WiificheHuiRL ¢ G4 A combustor
liner in accordance with Claim 1 wherein a secondary dilution hole is
aligned witlt .a swidegsanfigneeth jondischiagea: fuel/air mixture into the
shell. 7. A combustor liner in accordance with Claim | wherein said
dilution ho!%scg%'lliggggﬁeﬂldging NO, emissions in a gas turbine engine. 8.
A gas turbine engine comprising: a compressor; and a combustor
comprising a combustor liner comprising: an annular shell including a
plurality of @iRSURRRSFENERIMPTSKIETORE BAHErINFh SPOMSHREDIurality of
circumferentially extending panels includes a first panel positioned at an
upstream end of said ghellandhaiseeendipane! plurality of circumferentially

extending panels, wherein said plurality of circumferentially extending panels
includes a first panel positioned at an upstream end of said shell and a second panel

positioned downstream from, and adjacent to, said first panel;

a plurality of primary dilution holes formed in said first panel;

and

a plurality of secondary dilution holes formed in said second
panel, said dilution holes configured to discharge dilution air from said compressor
into sald combustor, said dilution holes further configured to facilitate reducing NO;

emissions in said gas turbine engine.

G. A gas turbine engine in accordance with Claim 8 wherein said
secondary dilution holes are positioned a distance from said primary dilution holes,
said distance within a range of twice a diameter of said secondary dilution holes to

four times said diameter of said secondary ditution holes.

10. A gas turbine engine in accordance with Claim § wherein said
primary dilution holes comprise a first group of dilution holes and a second group of

dilution holes, said first group having a diameter that 1s larger than a diameter of said

31~



positioned downstream from, and adjacent to, said first panel; a plurality of
primary dilution holes formed in said first panel; and a plurality of
secondary dilution holes formed in said second panel, said dilution holes
configured to discharge dilution air from said compressor into said
combustor, said dilution holes further configured to facilitate reducing NO,
emissions in said gas turbine engine. 9. A gas turbine engine in

secaadorgange suith @lainos Whlereifi said Secopdayy ditutigalhblesane adjacent

dilggs}i}tig&%g(%ggls qgréggnf{gorrp gaid primary dilution holes, said distance
Within'a range of twice adiameter of said secondary dilution holes to four
times said diameter of said secondary dilution holes. 10. A gas turbine
engine in accordance with Claim 8 wherein said primary dilution holes
comprise a first group of dilution holes and a second group of dilution
holes, said first group having a diameter that is larger than a diameter of
said -11 second group, each dilution hole of said first group arranged
between adjacent dilution holes of said second group. -12

-12.



