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* APPARATUS BACKGROUND OF THE | NVENTI ON This invention relates gdnerMAY 2004
turbi ne engines, and, nmore particularly, to slot cooled ring conbustors
for turbine engines. A turbine engine includes a conpressor for conpressing
air which is suitably mxed with a fuel and channeled to a conbustor

wherein the mxture is 5 i@M#@RWFMiH@}MPWS@EO“ gases. The
gases are channeled to a turbine, _which extracts energy fromthe

conbustion gases for poveri fgONAOWELMFEIQBrANBAPRARATAL produci ng usef ul
work for propelling an aircraft in flight and for powering a |oad, such as
an electrical generator. Increased efficiency in gas turbine engines is

acconpl i shed BACEGROUNDRGF THYINWENREHRASE i n the operating tenperature
of the 10 conbustor. A principal limtation on the operating conbustor

tenperature has been material limtations of a liner in the conmbustor. One
ef fective techni que for éolinKgptioRe relafepugansrallyi er turking hemgifgs, nand, more

convection co H{bgla?fg,’e{ eélélC?Rfeéﬁﬁng%h\ﬁgs%}slfg}gl%ﬂgg@ﬁnJ cool air flows

along an inner sur ceoo er via alr coo SI'ots to insulate the
l'iner fromhot conmbustion 15 gases. Aside fromformng a protective
boundary between the |i deturbind enginegacledss 4 bempressok ifogcaihpressingws Wideh is

i i f.. the .|i g S f le, U S Patent Nq. .
ot o kTS D, R s oA
combusti gn  génerdSopRERiitlg Wtfcohbasteiidsased. TRE pablate cPhtlbd RS RAGRS, @

heat transfer coefficient on_the ends of the slots and hence increases the
heat |oad on e*b%’ﬁﬁ&&?t eergy fem theccomiiistien gages dex powering e eprapressor, as

cooling a CO”Wéﬁta%rprb&dE?ﬂcg SRRk fgﬁéfoggﬂipg%ntarﬁ?rﬂ? f Rlont 58 BB pol%!%{rigalg &
coatings that are applied to the 1 nne urfdce of a

load, such as an electrical generator. Increased efficiency in gas turbine engines is

accomplished at least in part by an increase in the operating temperature of the

10 combustor. A principal limitation on the operating combustor temperature has been

material limitations of a liner in the combustor.

One effective technique for cooling the combustor liner is thin film
convection cooling wherein a protective film boundary of cool air flows along an
inner surface of the liner via air cooling slots to insulate the liner from hot combustion

15 gases. Aside from forming a protective boundary between the liner and hot gases, the
cooling air allows for convective cooling of the liner. See, for example, U.S. Patent
No. 4,259,842, However, the air slots tend to encourage turbulence of combustion
gases separating off the ends of the slots, which increases a heat transfer coefficient

on the ends of the slots and hence increases the heat load on the combustor liner.

20 Another effective technique for cooling a combustor liner thermal
barrier is the use of thermal barrier coatings that are applied to the inner surface of a
combustor liner for providing thermal insulation against combustion gases. Thermal
barrier coatings reduce the amount of cooling air required for a given combustion gas
temperature, or allow an increase in a combustion gas temperature for increasing

25 efficiency of the engine. See, for example, U.S. Patent No. 5,960,632. However,
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conmbustor liner for providing thermal insulation against conbustion gases.
Thermal barrier coatings reduce the anount of cooling air required for a
gi ven conbustion gas tenperature, or allow an increase in a AP %n gas
tenperature for increasing 25 efficiency of the engine. See, for exanple,
U.S. Patent No. 5, 960,632. However, -1 31 May 2004 process limtations for
appl yi ng t heprosessiiamitations fooapplyigg theamsl harderdesting mhmelyninddsimblef buiking ofral
barrier coatngs revent. t hernmal .barri.er.coating from bei pplied to
rear facing h@%ﬁ%&’ f?%@“%H’f?ﬁ%‘l%@?%ﬁ%%%@?%@%ﬁmﬁgqﬁégaéée@%%gto
hot conbust i edgegas e coitbustat lins herebR@Lpasirpihe ehgatio hbovorhbuistodh Baseh bA®T -
Accordingly, it would be desirable to provide a conbuster assenbly wth
@&g@ggw&u

rear facing hegellowantodie ligg r i er coated without creating
undesirable heat buildup in air cooling slots, that reduce conbustion gas

turbul ence at each reapccdrdififRditedesd RGesiBRE th §HNGEe bNGnARRRY SbRimbly Ner
surface area of the overhan portions. BRI EF SUVWARY OF THE | NVENTI

Accor di ng t owih regs fecing edzes st pragderthermal barripoenated withaw sresting ndssirable
provi ded, t st of:. Llner 1.SI.RQ: ' ' r . 1a_second
i ner surf ac%%f: gﬁfr?\&g%t itclald"l:l t %’)6 dsjlg'igds? (?lgﬁé}tn ljle?‘%jg r&éjﬂru% @%“eé%sﬁbﬁzﬁ"?%f%"h reaf
over hangi ng feing édgestand uhbtacencs ahel combasidr dinef anefaco ppai of e avérbpngdge
and a rear facing edge, said rear facing edge coated with a thernal
barrier coat?#§®™SAccordi ng to another aspect of the present invention, a
conbustor liner is provided, the conbustor liner conprising: a stepped
surface conpBREHSUMMARTOF THEINVENTIOBCoONd st eps separated from one

another by a cool Ab@rdih@to a® aipciSECRE Preséi inRvBsd anNdntisealiderd is (pséviddeep and
conpristng athe combustor liner comprising:
a first liner surface;
a second liner surface connected to said first liner surface and partially
overhanging said first surface, said second surface comprising a top edge and a rear

facing edge, said rear facing edge coated with a thermal barrier coating.

According to another aspect of the present invention, a combustor liner is
provided, the combustor liner comprising:

a stepped surface comprising at least first and second steps separated from one
another by a cooling slot, said second step overhanging said first step and comprising a
rear facing surface; and

said rear facing surface comprising at least a first portion and a second
portion, each of said first and second portions coated with a thermal barrier

coating,

A rear facing edge of the overhang portion may be contoured to reduce
turbulence of combustion gas flow and to reduce an exposed combustor liner surface of
the overhang portion. A thermal barrier coating may be applied to the contoured rear
facing edge, further reducing heat flow into the overhang portion and lowering the

operating temperature of the combustor. Thus, the amount of required
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rear facing surface; and said rear facing surface conprising at |east a
first portion and a second portion, each of said first and secqond paortions
coated with a thermal barrier coating. A rear facing edge of ¥ iday Q?hang
portion may be contoured to reduce turbulence of conbustion gas flow and
to reduce an exposed conbustor |iner surface of the overhang portion. A

t her mal bar r éiercoolieg may beayedoeedappiictedan gedute sxbansd wndsbianeaincrdase ienginedge,

further redugj heat fl.ow,into the. overha ortjon and | ring.the
operating t % 4 ?Xﬁeél%c%r%?fgln& ﬁFeTﬂﬂg?eof%th?ﬁseIB%’?éﬁLﬁ%ﬁg@nz 2 31
May 2004 ai rbeasde sfothealerbal badiet etatingh hiphe asinbRHEYE a8 XERpEInREIISS BHS,

i ncrease engi ne erformance, and extend.a working life_of the conbustor
assenbl y. |na<‘§aférP<§) fogiRcreass dhereflisicnsy fiadurting spgineprionkhavingadvege efedihen
combusti on gagnHRIBPSLsahbeSatdiYs. Pe  achieved to increase the efficiency of
a turbine engine wthout "having adverse effects on conbustor assenbly

mat eri al s. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is partial cross
sectional view of a known conbustor assenbly; Figure 2 is a nmagnified view
of a porti onBBIER RESCRIJIONGF BHEOMAWINGSWn in Figure 1; 3, 1 MAY 2004 5
Figure 3 is a mgnified viewsimlar to Figure 2 of a first enbodi nent of
a conbustor liner; Figure 4 is a magnified viewsimlar to Figure 3 of a
second enbodi nenFigufe & ig pattiad tcovss|senonalanew of a known combustor assembly;

Figure 2 is a magnified view of a portion of the combustor assembly shown

in Figure 1;
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_Figure 5is a magnified viewsimlar to Figure 3 of a third [ of
a conbustor |iner. DETAILED DESCRI PTI ON OF THE | NVENTI ON A &gbvmgyn%b%r
assenbly 10 that conbines thin filmconvective cooling and thermal barrier

coating techniques to | ower the operating tenperature of a conbustor |iner
in a conventional turbine engine is illustrated in Figure 1. Ato

conventional fuel inject@gb,fnoi SHA9 ¥ Dia6LL: S hzed fuel .into.a .
conbustion zone 12 of cq%‘f‘)ustor asé@ﬁ%‘?gic%g“?‘ﬁ%%?g‘gﬁre&f?ﬁ fEst efpbodiment
that is typi calflaponibretdr lineth a swirler (not shown). An igniter or
cross-fire tube (not shown) ignites the air-fuel mxture downstream of the

fuel injector, and COTTbLﬁ 'r%n4g%sgs exi.tf gonbust_or. assenbly through a
t urbi ne nozzl e (not shovvné&that dfr BREUIRE GHORn ST cOniigies oh ofsa gesard
upon a row of emboldinmentbf adembostobligdeed®l (not shown). The gases rotate a
turbi ne wheel (not shown) that delivers rotational energy to the

conpressor, powers a lo nd/or is.converted into thrust. Conbustion
zone 12 is formed by an%ﬁ‘ﬂa%‘Féd’i‘acﬂ“Fdeo‘ﬂ?‘érSl“&‘ﬂﬁit?ﬁWe 3 ofippleird pmbodimeber s

or shells (nobfskembistdntheat respective outer liner 20 and inner 20 |iner
22. Quter and inner liners 20, 22 each include a plurality of air cooling

slots 24 forwli@overh&%gi nrcbportions 26 of a conbustor |iner surface
28. Referring D PE§GRAPPION §H GHEJNVENBION ur f ace 28 i ncl udes a
series of steps 30, each of which form a distinct portion of combustor
liner surface 28 that i ggpaab i . of. .conbust or Liner
surface 28 by air cooling slots @gugt%ogasg%gﬁ{ Hga{é# Sglglgﬂ?gitwelqﬂgbc%ecwe
openi ngs 32 t eceligeinddherinal bamier contiai teghnmesiio(lovkr He@pelatiag terigiafuse ¢ N

protective b I f air between high.tenperature conbustion gases and
conbust or 1i ng‘?mg‘gsﬁér(rf §8%r Yg 2 8%“"\?/8{3?“%%{%%68@% 1f Jflusteried dr iKisuteobl i Ag of

conbust oo | i nesnv2adtionl fuel InjBctbr Ko( sBBA4) injects atomized fuel into a combustion zone
12 of combustor assembly 10 forming a air-fuel mixture that is typically mixed with a

swirler (not shown). An igniter or cross-fire tube (not shown) ignites the air-fuel

mixture downstream of the fuel injector, and combustion gases exit combustor

assembly through a turbine nozzle (not shown) that directs high energy combustion

15 gases upon a row of turbine blades or buckets (not shown). The gases rotate a turbine

wheel (not shown) that delivers rotational energy to the compressor, powers a load,

and/or is converted into thrust.

Combustion zone 12 is formed by annular, radially outer and inner

supporting members or shells (not shown) and a respective outer liner 20 and inner

20 liner 22. Outer and inner liners 20, 22 each include a plurality of air cooling slots 24
formed by overhanging portions 26 of a combustor liner surface 28. Referring now to

Figure 2, combustor liner surface 28 includes a series of steps 30, each of which form

a distinct portion of combustor liner surface 28 that is separated from other portions

of combustor liner surface 28 by air cooling slots 24. Air cooling slots 24 include

25 openings 32 to receive air from an air plenum (not shown) and form a thin protective
boundary of air between high temperature combustion gases and combustor liner

surface 28, as well as providing for convective cooling of combustor liner 22. Air
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flows from openings 32 through slots 24 between conbustor |i 28
"and a bottolr[:1 sur?ace 36 of gonbustor | i ner over hang portlorielzéjw ﬁgﬁ
38 of known thernmal barrier coating is applied on conbustor |iner surface
28 and extends from overhang portion 26 to overhang portion 26 of each 5
step 30 to further insul ate conbustor Iiner surface 28 from hi gh

t emperat ure I|mtat|ons a rear
fag}o ng edge 40 (g;?y ﬂ%?ﬁsazng?% 1@6%@@@‘3 ?OD& f%dmﬁnswf%pet%eamﬁha
barrier coati gtk slmfaauseoﬂéorﬁbusjt&slme}@Vérhéﬂ'gjﬁfrh&?sbi()e build up of thernal
barrier coating 38 under each overhang portion. 26. 1'(I)'h]ths t hi sdtypéelooff
conbustor assenbly 10 is,  di sadvantaged in that rear aci ng edge o]
each overhang portion 26 ?@’eéﬁ Rfdgops Wé@%ch#ﬁﬂﬁ;tqoéﬁmgglﬁmhad@n combustor

consequently aldepWEfddBdeahA @Q{e‘ﬁd@ ﬁ@ﬁl (Ne g DR o o\égrhagé §8 n&r“t % qaclé

addi tion, each rear facing edge 40 inclu square corner
each rear’ f acistfy élge® Awthes @ﬁblgtﬁanpmmtyr rimcpesmfacml?ﬂr fiomn dﬁ)gfbusﬂrlpératdr@er

f - 28 3 each puer hang on 2 Squar e
cornor - geanet LopuAR SRS S ARG SBieth SR PRI Ch B Breck et enghy
separ at es of f oweshhang @articha2é iy noedgred! QithTal rtl%ihﬁ[‘%@nieﬁ%@ﬁ:%%tﬁ%@aﬁga&f
transfer coefflc’ent which, 1m turn, leads to

h rear faC|ng ed
i ncreased und&&UrtaH 'é“d??é‘é"’l%(i? @é!&gdip 66 dhermaly %muqﬁﬁ%ngzéS urder @asteoyerbaugar e
corner geomet pyrtfHhPRS CPh@) tl&i@figﬁér Bf"%ﬁ{b\.lls?c&ga%ﬁe@g@q%tgrdééadga\e/tré?g?zlﬁéf RS Crear ©@

to combustion gases, theréb easli ng
portionsi®6 afeFinmedasaid) W’geatChe)mElmpg [pattiome2(fs &)dpesdﬂetbaiot icb@ibaitivn ghséd ad

enbodi nent of over.co ese disadvantages is
illustrated in gur e§’§% ?Fragge@a flgg mtgga °V<,° POFION 4%er  surfaces
62 separated by air coollng slots 64. Conbustor liner surfaces 64 are

connected to one anot hein adhiitioum,eaeil r@a@ﬂﬁhg edgetanacheéPddui® dPn@PRoRBRYer .
Each 25 combustor_|li ner i ncl udes an overhang portion 66

ext endi ng adj 4&eRCUdAY fa‘F‘Bg ﬁaﬁ%“gﬂsr subgigniially Rarengioglpr tegembuser knenguiaret i on
66 includes a2gQnl QUSSR S@Face 36 of each overhang portion 26 Square corner geometry

15 encourages combustion gas flow turbulence as the flow separates off each rear facing
edge 40. Turbulence increases the heat transfer coefficient on each rear facing edge
40, which, in turn, leads to increased undesirable heat load on overhang portions 26.
Moreover, square corner geometry exposes an undesirably large combustor liner
surface area to combustion gases, thereby increasing the heat load of overhang

20 portions 26 and increasing the temperature of the metal therein.

A first embodiment of a combustor liner that at overcomes these
disadvantages is illustrated in Figure 3, and includes a series of combustor liner
surfaces 62 separated by air cooling slots 64. Combustor liner surfaces 64 are
connected to one another and are arranged in steps relative to one another. Each

25 combustor liner surface 62 includes an overhang portion 66 extending adjacent and
forming air cooling slots 64. Each overhang portion 66 includes a contoured rear
facing edge 70 to allow for thermal barrier coating, to reduce turbulence of exhaust
gases and to reduce a combustor liner surface area that is exposed to high temperature

combustion gases.



facing edge 70 to allow for thernmal barrier coating, to reduce turbul ence
of exhaust gases and to reduce a conbustor |iner surface e@re @@azgfﬁ
exposed to high tenperature conbustion gases. -4 1 NAY 2004 34 i fical ly,
each rear facing edge 70 conprises a first, radius portion 72 that is
curved, and a second portion 74 that is substantially straight and

perpendi cul ar to a bott &ad 7 tions. 66, ~Thus,. the square
corner geonetry of kno%ﬁbco%%t@%@{T#ﬁgcﬁ%gg%iéggp,mg 4 first Satiiys ppo

liner surface 7ar 8@t 5s eoupasle chrido ahedcondnfurtivn oM glatess, sabistdnbiells Withate aiea
conbustjon gas

of conbustor |iner.,"hot, side, " i duced, Further,
tur bul egce as plf”ﬁ’ n‘é}ﬁ@@%tos"’leg%q%lgag‘? Bgnog\‘?&rlliéﬁ‘%mrﬁ‘&ﬁ Pondhus thresguateaetingroar
facing edge 7@e¢1ﬁet§>ﬁ6ﬂﬁﬁﬂm EoabeYr 1ifSS S LNadEahd 'a]be)'rﬁbuk t GineCMRFL08A%k

portions 66 and reduci ng an operating tenperature of overhang portions 66.

Further nore, €Heos§déhRatcpmbastianagasts o thy wufes arrd ofichwhssténlines “hetyside,”78 of
thermal 10 barti C 1. 0g . appl.i rear..facing edges.70 b
adjusting a s[E)érdetllgé%ng?gh%}hg{)ﬂbgﬁ%&m%st %ﬁg’%ﬁ ce ragatF1 © &Nt P%‘%S"effgfﬁ}r?‘g%%@g
whi | e naski ngparionpé6nesy ca¢h mar facopoddga JO is tedic&l] thidrédy lassetin @eatdapul iftot
shown) . Thereforﬁ t he .%g;eg tinl% tenperature of rear facing edges 70 is
further reduc8¥TBeNE PREHORS tfSad’rdrl gHcipg ap PRgraiing iemppgature s OYEAANGERATERRS 66 a

working |ife phirtkammds o gédn:;afy §Preas f%ﬁﬁé e@@sr@gfdmf&m@y@tvs‘e&? %éhﬂeﬂs

15 and increasing engine performance. Figure 4 illustrates a secon

enbodi melft of barrieppealingde beiapplied raan fciny edgea 79dni adjusingcosHrays tgle (aoter

surfaces 92 s t V. Al oljn ol s . nbustor .Iiner surfaces 92
are connect ed io r@gg%gﬁorte %’efac%%dé dgF %’uﬁﬂra ?egn“é@ﬁe Pﬁg@fl%ﬁg OPFIEP%Pﬁﬁﬁ‘ﬁ’t Oi]ﬁ‘g
anot her . Eachslob6busthar rubberesord Giidtahewf Thebfodehe@Bparuind RApedirt ioPpeat0 96

ext endi ng adj acent and form.ng air coaljng slots 94. Each overhang portion
96 incl udes C%F&?F eii) Fseg‘?'%?eécrieﬂbcegdb)éqﬁwaﬁ daHgToLPatize layar ikl thewbyi er

coating, to’ extending a working life of combustor liner 60 as well as reducing exhaust emissions

15 and increasing engine performance,

Figure 4 illustrates a second embodiment of a combustor liner 90

including a series of combustor liner surfaces 92 separated by air cooling slots 94.
Combustor liner surfaces 92 are connected to one another and are arranged in steps
relative to one another. Each combustor liner surface 92 includes an overhang portion

20 96 extending adjacent and forming air cooling slots 94. Each overhang portion 96
includes a contoured rear facing edge 100 to allow for thermal barrier coating, to

reduce turbulence of exhaust gases and to reduce a combustor liner surface area that is

exposed to high temperature combustion gases.

Specifically, each overhang portion 96 is tapered and becomes thinner

25 near each rear facing edge 100, thereby reducing a combustor liner surface area that is
exposed to hot combustion gases. Each rear facing edge 100 comprises a first, radius
portion 102 that is curved, and a second portion 104 that is substantially straight and
perpendicular to a bottom edge 106 of overhang portion 96. Thus, the square corner
geometry of known combustor liners is avoided, and a combustor liner surface area

30 exposed to hot combustion gases, or the surface area of combustor liner “hot side,” is
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_reduce turbul ence of exhaust gases and to reduce a conbustor |iner surface
area that is exposed to high tenperature conmbustion gases. E?Bercmfggcghpﬁ

~ each overhang portion 96 is tapered and becones thinner 25 dhea C ar
faci ng edge 100, thereby reducing a conbustor liner surface area that is
exposed to hot conmbusti on gases. Each rear facing edge 100 conprises a
first, radius regused; dfuriigp ¢ombusiien gay (rebiylerzredasatheegasad sqpardte drond Q4erhbigg i S

substantial ly - i | cular.to. a hottom edge 106, of over hang
portion 96. Tﬁﬁgﬁ&{sﬁ% qu%? %}pg‘%‘?%%(r%g ﬁ%ngior? rSEUQ?HOga?r%’gHBWB‘E hept mput | 5
avoi ded, and dnwouberhany poitives S6Ihacedading 0 opaRASE delnPeBlire CHTBYSH
gases, or the surface iaéeal_t?of conbustor liner "hot side,” is -5 31 MAY
reduced. Fur t PEFHONS i YTihsAmgEes the gaometn of 53r fopingpdses 18Q glipws forfa byer

over hang s por tlipgnst tﬁé‘xd}?%rri?:?ggatfn%atﬁ l;eaééx:#)ﬂgd ?cggeeaé n}‘deq?%gd e%dllb(belgy %(%Qsﬁlrggfo g

| esseni ng heat input 1nto overhang portions I'ng a
t enper at ure ofP@Yemglen@ot gomn) dmso86eardacing edpo serfadeh evhdleanmiking &f opediig

faci ng edges I s far | ayer 108 of .thernmal _barrier coating to be

appl i gd tg reé?%la gﬂcf“ﬁ%ﬁr@d%}%aﬁdﬂﬁb?rﬁ eﬁsctof%&“"g Shﬁ’m‘&ya[é’i’?éqf%re(mﬁo@rg’i@fwg) to

coat rear faciagpasge sfirdadainyige 108SK MehaNr<AnesH BY théidfnafBfics kR0

slot 98 with rugB§r cord (not, shown). Therefore, the operating o

t emper at ure of®¥k ’ftﬁ?:rlehje’étﬁ’&é’ég g oprking dife pheambustnidingr BY as mestlmgiredysing er

coating 1d ayeexidds erhﬂ%ﬁpéhd%&@%%%%‘}?ﬂ@ﬁgn& fe of conmbustor liner 90
|

as well as reducing 10 exhaust em- I NCT easi ng engi ne
performance. Figure 5- illustrates a third enbodi nent of a conbustor I|iner
120 including a seri es Fegure dnitllustrates |4 third smbbdiemt 182a semsratoe didey 120r

cooling slots. : stor Liner.surfaces 2 are nnected. to. on
anot her and a#%&;ﬂrl?%%g%%ioﬁgfngﬁgtgr P’é‘ﬁfrﬂ’%\%%est]éaoﬁffga W@ﬁw it C‘Eﬁtﬂs %ﬁ‘g%tor
l'iner surfaceCbbusto linetesur fatesOMXR2r 1@ 0Gnrikdred Qb @ And#6r fid HRUrAGsAMinAGGRt

and formng air _cooli nﬁ; slofs 124. Each overhang )
relative to ofie another.  Each combustor liner Surface 122 includes an overhang

004

15 portion 126 extending adjacent and forming air cooling slots 124. Each overhang
portion 126 includes a contoured rear facing edge 130 to allow for thermal barrier
coating, to reduce turbulence of exhaust gases and to reduce a combustor liner surface

area that is exposed to high temperature combustion gases.

Specifically, each rear facing edge 130 comprises a first portion 132

20 that is chamfered, and a second portion 134 that is substantially straight and
perpendicular to a bottom edge 136 of overhang portion 126. Thus, the square cormer
geometry of known combustor liners is avoided, and a combustor liner surface area
exposed to hot combustion gases, or the surface area of combustor liner “hot side,” is
reduced. Further, combustion gas turbulence as the gases separate from overhang

25 portions 126 near each rear facing edge 130 is reduced, thereby lessening heat input
into overhang portions 126 and reducing an operating temperature of overhang
portions 126. Furthermore, the geometry of rear facing edges 130 aliows for a layer

138 of thermal barrier coating to be applied to rear facing edges 130 by adjusting a

spray angle (not shown) to coat rear facing edge surfaces while masking an opening

30 of each cooling slot 128 with a rubber cord (not shown). Therefore, the operating
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~portion 126 includes a contoured rear facing edge 130 to ahl faQr mal
barrier coating, to reduce turbul ence of exhaust gases an fm&w

conbustor liner surface area that is exposed to high tenperature

conbusti on gases. Specifically, each rear facing edge 130 conprises a first
portion 132 20 that is chanfered, and a second portion 134 that is
substanti al | y teinpedaght ofindarpPReRensiosslian s ﬁ% - QV g
portion 126. Thug, t he square cg_r négg gepng%r?lyepg%&ﬁ% cgms%fg?% %@?g is
avoi ded, and da¥&nbifsitBereby wtending acworkingalifeerp ssmbustor hioer ¢20ustwh as
gases, or the : : [her."hot.side," is reduced.

Furt her, conburgetﬂll‘% g’g%ﬁtaﬁepg%ﬁléﬁﬁﬁzé&éﬁkeﬂ%%%%pseé%gpqug'from over hang 25
portions 126 near each rear facing edge 130 is reduced, thereby |essening
heat input into overhanyhperthé omenti@® hanticeredesctibed an toperat var@us specific
tenperature of qverha port i 126. Fyrthernore, the geonetry of rear
faci ng edges f&% oghlgﬁg fgpe zf&(ﬁg??e %ﬁg’Ho‘Fvnf HEaeaizephrt glé‘?’ g ‘Pﬂgcaﬂlog%e
appl i ed to regtadtieed MitheeHfcadR Wihiadhapirittdacofifale daghe€ (not shown) to
coat rear facing edge surfaces while masking an opening 30 of each cooling
slot 128 with a rubber cord (not shown). Therefore, the operating -6 31 MAY
2004 5 tenperature of rear facing edges 130 is further reduced by thernal
barrier coating |layer 138, thereby extending a working life of combustor
liner 1200 as well as reducing exhaust em ssions and increasing engine
performance. Wiile the invention has been described in terns of various
specific enbodinments, those skilled in the art will recognize that the

invention can be practiced with nodification within the spirit and scope
of the clainms. 31 May 2004 CLAI ME:



1. A conbustor liner conprising: a first |liner surface; a second I|iner
surface connected to said first liner surface and partially aqverhanging
said first surface, said second surface conprising a top edge3éﬁ?¥gjéar
facing edge, said rear facing edge coated with a thermal barrier coating.

2. A conbust ier in accordance with claim1, wherein said rear facing
edge is at Iggébmgartially curved, 3. A conbustor liner in accordance with
claiml1l or 2, wherein said rear face conprises a chanfer edge. 4. A
conbustor liner in accordance with claim1l1, 2 or 3, wherein said second
liner surfack is fapabusior mer gorapsisingst or |iner in accordance with any one
of the preceding I ein said rear face is at least partially
curved. 6. A conb%gﬁ%ﬁﬁ?ﬁﬁggg#n accordance with any one of the preceding
clains, wherein saetchndalifdradurfacevimnhastod ng sarlc and I1ser fsaeRcé andspaatiglopl i ng
slot with said first surface. 7. A conbystor liner_ conprising: a stepped
surface conptYeshanging:sajdoisst syrfpce; saigh gecond SHHAGS @FPrisiEa? Hapcerseranmh aorear

anot her by 3eeRpleg shiber RN 1ER AUELNBAGEGARLI first step and
conprising a réar-facing surtace, and said rear facing surface conprising
at least a first portion and a second portion, each of said first and
second portions coated with a thermal barrier coating. -8 31 May 2004 8. A

combustor liper iR QQRYHAERernt oot Bindt ithRESifI D RBEreR s3dl faf iGhg and
edge is at least partially curved,

3. A combustor liner in accordance with claim 1 or 2, wherein said rear face

comprises a chamfer edge.

4, A combustor liner in accordance with claim 1, 2 or 3, wherein said second

liner surface is tapered.

5. A combustor liner in accordance with any one of the preceding claims,

wherein said rear face is at least partially curved.

6. A combustor liner in accordance with any one of the preceding claims,
wherein said partially overhanging second surface forms a cooling slot with said first
surface.

7. A combustor liner comprising:

a stepped surface comprising at least first and second steps separated from one
another by a cooling slot, said second step overhanging said first step and comprising a
rear facing surface; and

said rear facing surface comprising at least a first portion and a second
portion, each of said first and second portions coated with a thermal barrier
coating,

-8-



second portions is curved. 9. A conbustor liner in accordance with cl ai m 7
or 8, wherein one of said first and second portions is tapered 10,
combustor liner in accordance with clain?, 8 or 9, wherein onél d\fiays%g{)ﬂ]
first and second portions conprises a charrf ered edge. 11. A conbustor [|iner
in accordance with any one of clains 7 to 10, wherein said second step
further conp8i sesAacdniustulinec & acatdincovithrgaisl Bt whaeiprdmeast said figp and
surface, said rear facing edge connecting said second step top surface to
cool ing sl ot secapd Bertipagis cuved. A conbustor |iner in accordance with any one
of claims 7 to 11, wherein said rear face contains only one square edge
corner. 13. A turbi ne engi ne conprising a conmbustor |iner according to any
one of the  or ecedl agninlar Wer inGRBIRIR,REARFACHNE FREEGTE o B fENTOUR
METHOD AND APPARATUS ABSTRACT OF THE DI SCLOSURE A combustor |iner has a

st epped conbat sgeond prationsus fapeeedand an  over hang portion fornming an air
cooling slot. A contoured rear facing edge of the overhang portion reduces
t urbul ence of combustion gas flow and reduces a conbustor |iner surface
area exposedi$o CcANMYShIRR Iﬂﬁe?qﬁ ac@brhlé&?d' R th Rdifd 768 (ﬁo@t&rﬂ&eihnsor?é 319 Appl i ed
to the contoured rear facing edge, cing heat flowi’'nto the over ang
porti on and fishams seecutportionsngpBesd chamftedpdgat ure of the conbustor

| iner. Thus, the amount of cooling air is reduced, which can reduce
exhaust em ssions, increase engine performance and extend a working life

of the combugi or ﬁs&ms%r lﬁlegli'ﬁ Qcébrdance with any one of claims 7 to 10, wherein

said second step further comprises a top surface, said cooling slot comprises a
top surface, said rear facing edge connecting said second step top surface to

cooling slot top surface.

12. A combustor liner in accordance with any one of claims 7 to 11, wherein

said rear face contains only one square edge corner.

13. A turbine engine comprising a combustor liner according to any one of the

preceding claims.





