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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 Hfbglaffgr,efoeé;l)él C'?ﬁfeéﬁﬁng%h‘%%t&slﬂ{{‘%ﬂ?% 9f cool air flows

along an inner surtace 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 ?‘bmgst &ergy frem theposombustion gases for powering the compressor, as

well as producing useful work for propelling an aircraft in flight and for powering 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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Anot her effective technique for cooling a conbustor liner thermal Dbarrier
Is the use of thernmal barrier coatings that are applied to the_inner
surface of a conbustor liner for providing thermal insul atior‘?’l%%ﬁ%%f
conbusti on gases. Thermal barrier coatings reduce the anount of cooling
air required for a given conbustion gas tenperature, or allow an increase
i n a conbust pxesydinitatinpefonapplping dhermakbarte wgtids nefiklyoindesisabie buildep efigi ne.

See, for exa e .U S Patent No. .5 9 632. However, .-1 3 y 2004

o ocese. |1 m TR e e bre it R ot oD FOGHheime ppplied g eing.
undesi rabl e bdgeb @8 fhecdombulter iidr, Miafebly @kpeeaat the @agesitb G mbUGa6BAsehand | er
coating from ei,ngH%PpJ i @d to_rear facing edges of the conbustor I|iner,

t her eby expo8fHygn heapfleys inte iedinet i on gases and al | owi ng
undesirable heat flowinto the liner. Accordingly, it would be desirable to

provi de a combuster asselinglyVitt Roki@ e IAFHNG 16838EHAE RaloniBRktP Gl
barrier coated w thout creatrng undesirable heat buildup in air cool’lng

slots, that welges fecinmhedzes Sint guy bedhermab heraencoagaslcwithawd creating indgsisshle, and
t hat d St ' : i ons.
e SR SRT BB ehd BB 0 BBl IE o R BRIRORC PR P

i nventi on, afacgbedgeorantithetr rédncpniw icdmibustot Himer anifasd areal ofHéie overhangi ng:

a first liner surface; a second |liner surface connected to said first liner
surface and ?qsally overhanging said first surface, said second surface
conprising a top edge and a rear facing edge, said rear facing edge coated

w th a ther nBRIBFRESUMMARYaOF THE INVENTION
According to an aspect of the present invention, a combustor liner is provided,

the 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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Accordi ng to anot her aspect of the present invention, a conbustor liner is
provi ded, the conbustor liner conprising: a stepped surface conpr|5|n at
| east first and second steps separated from one another by a é%‘l‘y%’ﬁ sl ot
sai d second step overhanging said first step and conprising a rear facing
surface; and said rear facing surface conprising at least a first portion
and a secondair poahng)maydmrﬂd@te%aﬂdcli icars treducd exbaush dnpssidnspsraasaEsgined t h a

thermal barr] tin ar_faci of t e overha or may be
cont our ed-« PeanEL® el ke BESPP B bt FRE0H0 1P cdafibna

exposed conbbkphave off hertheinal dagiep koatinge hipher B@ﬂ@usﬁ@ﬂ tola® RemperitiRs Hdy béir rier
coating may %)cguqv lied to the _contoured rear  facing edge further redum ng

heat flow in togpererssiile soFieneo %Ih%%g}“ﬂmt %’H&@c"@ﬁ@e et at ur e
of the combugn@ustof MéSmbiygar@punt of required -2 31 May 2004 air cooling
may be reduced, which can reduce exhaust em ssions, increase engine

per f or mance, and extend a working life of the conbustor assenbly. In
addition, because of the thermal barrier coating, higher conbustion gas

t enper at ur esBREF BESCREHIONLHF THEDRAWANESt he ef ficiency of a turbine

engi ne wi t hout having adverse effects on conbustor assenbly materi al s.

BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is partial cross sectional view
of a known conbusFigura$sepbitia]l cFosgseeti@nal sviewnegpnkiidvenl combustof assembht i on of
t he conbustor assenbly shown in Figure 1;

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

in Figure 1;

-2a-



3, 1.MAY 2004 5 Figure 3 is a magnified viewsimlar to Fig_‘ _ first
"enmbodi ment  of a combustor l|iner; Fi gure 4 is a magnified vﬁ%a/ iﬁﬁ&l 300&0

Figure 3 of a second enbodinent of a combustor liner; and Figure 5 is a
magnified view simlar to Figure 3 of a third enbodi nrent of a conbustor
| i ner. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A known conbustor assenbly 10

that conbines thin fil mgepseckiVgao0a0k VR4, nal rier coatin
t echni ques to | ower the og‘g&)réat%sr?g '?%npera{éur%ﬁg}a}%eﬁlggﬁﬁ)ﬁg%brﬁtlewg’f’dﬁf’%é
conventional tofeisorbustegline;is illustrated in Figure 1. A to conventional
fuel injector (not shown) injects atom zed fuel into a conbustion zone 12

of conbustor assenbly 1Q.. ,ng a air-fuel mxture that is typically m xed
with a swirler (not shgFl [J.én%«ngi 6np]t35’fuﬂ8& FYs ST eloy _llfb%“‘% tofsAotfspnd

i gnites the aiembodihent ot 1 combusomisdrf #@m of the fuel injector, and
conbusti on gases exit conbustor assenbly through a turbine nozzle (not

shown) that directs high.ener conbustiqn 15 gases upon a row of turbine
bl ade)s opﬂbuckets (not ?H@\'Kﬁ)sg‘g?ﬁ’éagﬁ dvipysipilardo Figuse Aef atkisdpmbediment

shown) that dekhkvembudtet mdronal energy to the conpressor, powers a |oad,
and/or is converted into thrust. Conbustion zone 12 is forned by annul ar,

radially oute nd inner supporting members or shells (not shown) and a
respectiyve OU&E?FAWD%%E’?IQNQPQEHEW@N?I@NOJ'[el’ and inner liners 20,

22 each include a plurality of air cooling slots 24 fornmed by overhangi ng

portions 26 of a combusioknhNebmbibAGRemBly RELRE ChATiHE Wik Fiim convective

cooling and thermal barrier coating techniques to lower the operating temperature of a
combustor liner in a conventional turbine engine is illustrated in Figure 1. A
10 conventional fuel injector (not shown) 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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Figure 2, conbustor liner surface 28 includes a series of steps : of
'mh?ch form a distinct portion of conbustor |iner surface 2 Qhégghgﬁﬁﬁzl
separated fromother portions of conbustor |iner 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 forma thin protective boundary of air

bet ween high t u ion se nd combustor |iner surface 28,
as wel | asgpr o@é@?ﬁgﬁ# %%ngl%n%ﬁ%hgﬁ%tﬁ ?ﬁgbeg\”e%%ﬁ@{sw lmeﬁévrfazzz_zamq a3 3
1 MAY 2004 f cwstofir omfao@86bhgemBdstdr iRy oberh Sordndim ween cormbustor i ner

surface 28 and a bottom surface 36 of combustor liner overhang portions
26. A layer 38 of known barrier coating is applied on conbustor

her mal _ opl i ‘
| i ner surface 28 and ext‘érll‘iﬁrﬁrgd?ﬁlﬁ\?@fnh@ﬁ@méchamﬁwomgw@Péfdamgzomixfu‘sioon
26 of each 5 Siepsidbick0gfai e ' I ner rface r om
hi gh t enper at urepscor?%gstaii’lgn?%ggéégémmggTﬁggﬁoglo{ﬁoéoﬁ)&%&hggg PPy lr%n_tzgg? §AEh 4
rear facihg edtf® 40 Wf futhen ingyleteh sprbpsion ilimer 26rfase mgt fmﬁﬁ'g'ﬁgh \gbx!hF%r@ture f
thermal barri | 3 se,of a_ resultant undesirabl e, buj up, o
t hgr mal barri g& “@’ggtzdlni%sés Igﬁgg‘%‘r’e EHO SUXERRITgItatons, 2 BRr fasine edgg 40 qfispgh

type of conbusiverhang @el‘mnhlyZGL(i)sGhSt dwaﬂmatgt ?gleﬁm'tan bhﬂn%} c?sﬁfg]g 33&2&&52&@996
40 of each overhang poyt. .1.S exposed to hot conbustio .
consequent | y 5?51‘139\53 \E}T‘F{‘Té'é"f @ “éldHéth?fﬂP%Wal hewics £onting 88 hindgr sacht overh2dg | n

ddition, eac rod ag} ' cQr per onetry i.e.,
Gach real Tach o R b AT s A OO P B Bt Ty
sur f ace- 128 afefing Hhefseachaverl®dg portemc?t Bvempbssigortnt combudtfon SALRER]

corner geonet S,CO ti as flqw turbul ence as the flow
separates of f ae‘%%ﬁ“ﬁ@&%% %gi%ﬂgemggéie_ﬁgﬁo‘gﬂﬁtﬁﬁf‘ QEThARE POHINS2G he heat
transfer coefficient on each rear facing edge

In addition, each rear facing edge 40 includes square corner geomeiry,

i.e., each rear facing edge 40 is substantially perpendicular to combustor liner surface:
28 and a bottom surface 36 of each overhang portion 26. Square comer 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.



40, which, in turn, leads to increased undesirable heat |oad on over hang
portions 26. Mbreover, square corner geonetry exposes an « d @L Q ar ge
conmbustor liner surface area to conbustion gases, therebyVi sing t he
heat | oad of overhang 20 portions 26 and increasing the tenperature of the
metal therein. A first enbodinent of a conbustor |iner that at overcomnes

t hese di sadvant ages 'SSEE&H@&H ara e gdc%eed 70%9@3”% gl ’fadfségbbﬁiﬁ];

conbustor liner surface coolin
| i ner surfaced26thahrie curcdneuided B@ondepcanom Hey tbatdlsarsﬁbsadnltlamg@ﬂral t S&RPS
tor liner surface 62 includes an

relative to one_angt he ch 25 co
over hang port PEW® % @9{ g’rf’dEF’1 m §8% t° QNerhang, Portigs 8 Taus thegusresosney .

Each over hang geerttpBf %W@@&Mgﬁﬁoﬁllﬁ&m@w& d, @A a Jo?t?du@@r EA8CsufRct Ardd l OW
for thermal barri er coatin to reduce turbul ence of exhaust gases an

reduce a Sconb@¥Resed fq heiico F1$talmega§¢%a>rtthiaturfase arcp ©f edmbuston lipter { botsedest isr e
conbustion ga 4g Y ec| f h rear fac ng _edge ,70
réificed. értﬁ@r‘ c pf}stﬁﬁ t{uﬁb%{lér}ée as Yhe éﬁscsa%egarg &8 R

conprises a first, I 'uS’ portion curv
74 that is subelttwns Séhéay‘ esth siagticimndige FOripasdiel) Itlwreﬁ)qeaebmgmemeﬂgem% Of

over hang portlon 66. Thus, the uare corner eonetry of known conbustor
liners is avoPXﬁar %RP&“%P%Q%@%@? g ﬁ’éPp%rﬁ?‘P%@g“P&F%%wS’fé’X aRGPTHORHHO.

combust i on gayesherdiord, e gwnﬁétgeoﬁf@aa fRfing e&@yé%oa{udeﬁﬁ a mgéar‘gs't Se]let]l'lenﬁa?l

reduced. Further, conbustion gas turbul ence as the gases se rom

over hangl® por batsies ceingdaneapphied tareat &mm@e@tgélom adjustingucsgulay bigle ¢t
| esseni ng hea t r t|o nd reduci.n

t enper at ur e o% dvﬂ-@qh cwt r%ar &% &%g Se%r PEPL T en{?ta% Mg 7 oggrgﬁgtofﬁacgfcqoilgg

faci ng edges 7ot 64 Imthsa Mbera:okdiy;@crt sR8waj. Theefoad, the operating temperature of rear

facing edges 70 is further reduced by thermal barrier coating layer 78, thereby

~ 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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10 barrier coating to be applied to rear facing edges 70 by adjusting a
spray angle (not shown) to coat rear facing edge surfaces "T\ﬂ%ﬁs?@ﬂ% an
- openi ng of each cooling slot 64 with a rubber cord (not sh ) . e re
the operating tenperature of rear facing edges 70 is further reduced by
thermal barrier coating |layer 78, thereby extending a working life of
combust or | i népdensdastuigier, combuster gag trekuiencst athesgrsen sepadie drvh ioverhedsi ng

engi ne perfor 0 | gur L1l ystrates econd odi.nent of combust or
imer 90 i ncitoekars 90 B Rath o RMERES, P RaPR! TRe Vo elipar et mpey

ai r cool i ng slintos o9ethangCpottitgis 096 land efedteing ate Dplrtiag tehPBRBEE esk b

anot her and are arrgjﬁgg in steps relative to one another. Each conbustor
liner surface POBIGNCI0 qEWthermerre the-gremstiafgranficog asdger A0 aljowslferceyernnd
formng & r cqokidrgh r Welole |.ncy .
contoured rear faci n?hgggg&%agg?g@aﬁ%w g?d ?Cﬁééral‘rrrg{kl%é?? egﬁldggby?(ﬁlés,tmgoa
reduce turbul épd aaglecthbishnw) de esatanat facing edpe surdaces mhilstrmaskinghar opantdgace

area that is to RQi t eqperat.ure ¢ stion, gases.. Specifically,
each over hang O%Q@fgg"% %’lgpP gﬁvelﬂg?i rﬁ‘ﬁ‘?ﬁb’@ﬁ‘ﬁ@ S}‘ﬂ?’vﬁﬁer exaforce the epgEdingear
facing edge 1@dénpdriwareby reaedadng)@dgesClOOLY Sufther 1eA8EeSHY RGRIafbER el RBALIIS

exposed to hoﬁ colrlr&?sﬁi og‘anse . Each rear facing edge 100 conprises a
first, radi us @bt P.Jnerepexipnding a workips dife ahepmbustardingr PO ms well asoeduchngt i s
subst antjpal | y ' : | G ttom edge 106 of overhang
portion 96. 'Tﬁﬁ%@tﬁgfsgﬁgg?ngggg@%&?éon%%@)ﬁglp&knom conbustor liners is
avoi ded, and a conbustor liner surface area 30 exposed to hot conbustion
gases, or the surface afegurofS diustratss or thirdembbtimiers i afea "consbustor Jine 202004

{)\e/glrjﬁgg'g Furt ﬂ'ﬁ:’iudiﬁ;é) UL Loflbiistbl [ir?&ls%ﬁ%gesalafs%gal%?e%%sy air c?c{l?r}geslgtg %ﬁ

Combustor liner surfaces 122 are connected to one another and are arranged in steps
relative to one another. Each combustor liner surface 122 includes an overhang
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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_portions 96 near each rear facing edge 100 is reduced, thege?y@fqzs -Qg
heat input into overhang portions 96 and reducing an opergtin A réﬁb ture

of overhang portions 96. Furthernore, the geonetry of rear facing edges
100 allows for a layer 5 108 of thermal barrier coating to be applied to
rear facing edges 100 by adjusting a spray angle (not shown) to coat rear
facing edge suehperasrsviflrearBsiizndigad 1998 fteher 35diRAE byCRRIN D SLG cc%%ng" th
a rubber cord (not shown). Therefore, the operating ténperature of rea
faci ng edges 1861 5% (fhemby exteadingda b{VOliCh)@rE&I obapmbastor biati AZ00 laayvecli 268,

t her eby ext endifig; ' <. ds : r.linet 90 as well as reducing
10 exhaust emq[;(gi?% s%ﬁét%%déé@iaﬁg lgﬁg%%@% Frl‘e&eﬁéﬂg%@eﬁ gure 5-
illustrates a third enbodi mrent of a combustor liner 120 including a series
of conmbustor liner surfa¥bde 12 inveptiomtes bben describedln rgns| oft varibd4 specific
Combust or. | i ner faces 122 are .connected to one another. and are arrapged
in steps - rel :e{l?b%é{r{l%ﬁ%ngloﬁ%c§@§9. mEgbeh oWHEs“?%ﬂgnﬁen t g ARyeution can be

i ncl udes an ovyeidiieed with medititAonidbhitMepiingdasbRCs b @agnd Or M ng air
cooling slots 124. Each overhang portion 126 includes a contoured rear
facing edge 130 to allow for thermal barrier coating, to reduce turbul ence
of exhaust gases and to reduce a conbustor |liner surface area that is
exposed to high tenperature conbustion gases. Specifically, each rear
facing edge 130 conprises a first portion 132 20 that is chanfered, and a
second portion 134 that is substantially straight and perpendicular to a
bottom edge 136 of overhang portion 126. Thus, the square corner geonetry
of known conbustor liners is avoided, and a conbustor |iner surface area
exposed to hot conbustion gases, or the surface area of conbustor I|iner
"hot side,"” is reduced. Further, conbustion gas turbul ence as the gases
separate from overhang 25 portions 126 near each rear facing edge 130 is
reduced, thereby | essening heat input



into overhang portions 126 and reduci ng an operating tenperature of
overhang portions 126. Furthernore, the geonetry of rear facing edges 130
allows for a layer 138 of thermal barrier coating to be applﬁ% PY%Par
faci ng edges 130 by adjusting a spray angle (not shown) to coat rear
faci ng edge ! es whil e maski ng an openi ng 30 of each cooling slot 128
with a rubb “(not shown). Therefore, the operating -6 31 MAY 2004 5
tenperature of rear facing edges 130 is further reduced by thernmal barrier
coating layer 138, thereby extending a working life of conmbustor |iner
1200 as welllas AMeenmbisier lowehenmnrising ssi ons and i ncreasi ng engi ne
performance. Wil I on has been described in ternms of various
specific enbodiﬁ%ﬁ%@ﬁn%ﬁﬁggéékiIIed inthe art will recognize that the

invention can be a peasid Bed sirfdee rgodnédtedttb GaidMitdiliher Rarfpe anl pardalsgope
of the clainms. 31 May 2004 CLAIMS: (1. A conmbustor liner conprising: a
first |iner QFhaRgwe s3idBeshadrfacenidid serond SEpENFEISINg & topasdgerand s rear ner

surface and fginkledhd Yaid e IS cﬁ?ﬂeﬁ'ﬁiﬁ{ﬁ%%ﬁﬁ%ﬁ%c&ﬁb& second surface

conprising a top edge an facing e salrd rear ci ng edge coated
with a thermal barrier coating. 2. A conbustor liner in accordance with
claim1, wherein said rear facing edge is at |least partially curved, 3. A

combustor liper iR QQRIHANERernt focolt®ndt vith cPaim™M 6 BERS M FlPadidf e
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,
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conprises a chanfer edge. 4. A conbustor liner in accordance with claim1,
2 or 3, wherein said second liner surface is tapered. 5. A conmhustor |iner
in accordance with any one of the preceding clains, wherein sHiMa 08¢ face
is at least partially curved. 6. A conmbustor liner in accordance with any
one of the preceding clains, wherein said partially overhangi ng second
surface forn8 a caotdnimstl dinemirt fcconiaded Withtclaisu? fwh@ein/oneAfchaibist and | | ner
conprising: a stepped surface conprising at | east first and second steps
separ at ed f r ¥FPBHBOTHGRLISIBVEy a cool ing slot, said second step overhangi ng
said first step and conprising a rear facing surface; and said rear facing
surface conprising at least a first portion and a second portion, each of
said first apd sepoqshifol 1iABSinCRARbMANW With *1diHer BRR, WAEEInSine 0Rtd gt - 8
31 May 2004 8. A conbustor liner in accordance with claim7, wherein one of
sai d first asfsesembprttipnoris faperedi s curved. 9. A conbustor liner in
accordance with claim7 or 8, wherein one of said first and second
portions is tapered. 10. A conbustor liner in accordance with clain’, 8 or

9, wherein opg of AS@dn‘iiousfdrrIﬁ{ere}H%cé@rgm WA AR, Q058 \?ﬁé‘eﬂl ﬁ&:}%f? ﬁ&go

edge. 11. A conbustor liner in accordance wth any one ‘of clal
wher ei n first and second portions comprises a chamfered edge.
11. A combustor liner in accordance 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.



sai d second step further conprises a top surface, said cooling slot

conprises a top surface, said rear facing edge connecting i4d tep
top surface to cooling slot top surface. 12. A conbustor I?&Jr M‘%VD%UZ

~accordance with any one of clains 7 to 11, wherein said rear face contains
only one square edge corner. 13. A turbine engine conprising a conbustor
| i ner according to any onecoOfBUS®ORpPREERIFAQING aETEP HEOMBHSTOR REAR FACI NG

STEP HOT SIDE CONTOUR METHOD AN NEPARAHES %TB?(;RR%U HE DI SCLOSURE A
conbustor |iner has a stepped conbustor Ti-ner surface and an overhang

portion formng an air cooling slot. A contoured rear facing edge of the
over hang portion reduces turbul ence of conbustion gas flow and reduces a

conmbustor lin nf conmbusti on gases. A thermal
barrier coati nghlsésip‘é@gégggfﬁpﬁgga%mont oured rear facing edge, reducing
heat flow into the overhang portion and hence reducing the operating

tenperature of the conbuktesmbused lindhHgs a §thshedNBoHbustlr GRY Lid&cd dnd Sn
reduced, which can reduce exhaust em ssions, increase englne perfornance

and extend a VCKI%RG RoFiqn T 2R Gifneroling stods elvisogtoursdggarfz@ing edge of the

overhang portion reduces turbulence of combustion gas flow and reduces a combustor
liner surface area exposed to combustion gases. A thermal barrier coating is also
5  applied to the contoured rear facing edge, reducing heat flow into the overhqﬁg
portion and hence reducing the operating temperature of the combustor liner. Thus,
the amount of cooling air is reduced, which can reduce exhaust emissions, increase

engine performance and extend a working life of the combustor assembly.

Figure 3.
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