METHOD AND APPARATUS FOR CLEANI NG COMBUSTOR LI NERS FI ELD OF THE | NVENTI ON
This invention relates generally to gas turbine engines, and nore
specifically to a nethod and apparatus for cl eaning conbustor |iners used
wi th gas turbine engines. BACKGROUND OF THE | NVENTI ON Gas turbi ne engi nes
typically include a conpressor for conpressing air. The conpressed air is
m xed wwth a fuel and channeled to a conbustor, wherein the fuel/air

m xture is ignited within a conbustion chanber to generate hot conbustion
gases. At | eaMdET$HOR ANIDWPPARWIEEFHOR CAEANNGCOMRBUITORNINERSY cow i ng,
and liners to channel the conmbustion gasses to a turbine, which extracts
energy fromthe conbustion gases for powering the conpressor, as well as

pr oduci ng rusEh @r YREKNVENRONeE! an aircraft in flight or to power a | oad,
such as an electrical generator. The Iliners typically are coupled to the

dore assembisyingaetianrelaies aenerallyr waast udring isaging® mad aveenipegificallxied ane t he
combusti o H}%ﬁéﬁ’%@%@%ﬁﬁé ?@rsél&%irfé’h%{rh%gﬁtrgﬁi#éc}? uge%l@ﬁl? @%s‘iggoél?e{ erf fgmoust or

general ly ncreasin ency o I'Ne engi ne.
However, the operating tenperature of the conbustor may be limted by the

t enper at uBACKGROAND O THEINVENTION or |iner. Accordingly, at |east sone

known co stor, liners inclu a plurality of «circunferentially-spaced
openi ngs nﬁ%ﬁtm@?%r?&g’c“ﬁ? %ﬁg&ém@%%oﬁs? PICPYRE r IOR FPTHESSHE 26Dl idtel y

al i gned Wb hpRBsddNAels MkERGRILH fubllCahd BRAnnClEdSI00PBIMYSto!, NwhdlEin! haer
convectively cool the liner and may al so provide filmconvection cooling to

t he |i ner fuelighranizityre as igmitad prithie e tcombustiomehrmbed 40 genskate dot cembustioows al ong

t he i nner rf f. th | iner. C00 ir . flow | ong _the conbust or

[ rer g 2ol b g e € SR f bty sl o P i AR Che
hot conbusihéreno ghsel the donttukidre gdsies fol NRAbihe Ovhich @xtrivdd ctRppbsid he gases.
Even with thin fil mconpvection cooling, however, the_conbustaor |iner

mat er i al s CORBYBIOR gager for PoWETiRg He, compErstel 28 Medprsaedyng BsrtlevektiPgue may
| nevease pibdel iy LBt in FBRN & O fowed o BALHen DRI &écﬁeﬁgeﬂ&agﬂy TaeSO be
h ce of the co

applied t e |1 nner sur ustor liner to provide thernal
i nsul at i ohinaydywisallyt dre coupled dorithss doroe agrsddy and extend downstream from the

dome assembly to define the combustion chamber.

Increasing the operating temperature of a combustor generally facilitates increasing
the efficiency of a gas turbine engine. However, the operating temperature of the
combustor may be limited by the temperature limitation of the combustor liner.
Accordingly, at least some known combustor liners include a plurality of
circumferentially-spaced openings that extend through the combustor liner and may be
obliquely aligned with an inner surface of the liner. The openings in the liner
convectively cool the liner and may also provide film convection cooling to the liner,
wherein a thin protective film boundary of cool air flows along the inner surface of the
liner. The cool air flowing along the combustor liner inner surface forms a protective
boundary between the liner and the hot combustion gases to insulate the liner from the

hot combustion gases.

Even with thin film convection cooling, however, the combustor liner materials
absorb heat. Over time, thermal creep and low cycle fatigue may increase in the liner.
Therefore, a thermal barrier coating may also be applied to the inner surface of the
combustor liner to provide thermal insulation against the hot combustion gases.
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-l Thermal barrier coatings reduce an anmount of cooling air required for a
given conbustion gas tenperature, or alternatively, allow an increase in a
conbustion gas tenperature for increasing efficiency of the engine. During
application of the thermal barrier coating and operation of the gas turbine
engi ne, coating particles may build up within and/or over the openings in
the liner thereby partially or conpletely obstructing the openings. To
facilitate nore efficient operation of the gas turbine engine conbustor,
any parti dhbtmta beatitrecoatingt mredicensn tabveuniopémonlisg showdqlirbé foermgeanf rom t he
openi ngs. However, renoving the {her%aﬁgrrier coatin rrll%épr%e a

ti me- cons GAPAYIOGSRS PTG, GF @lterpl Wtk FICEEPE 1 & O P8 &8rticles
from |'i negeroReniRds: ildahsiak 8ffRndE 6Nthe@nkihBer support nember because of
the limted space between the Iiner and the |iner support nmenber. BRI EF
DESCRI PTI ON OF THE | NVENTI ON A net hod is provided for renoving thernal

barri er c&aringgriteaionagf thedhermal lbertyr coang epdepergtiomed theehodurbinel udes
provi di ng_a_.m. Xt ur. - I i e . . dizrecting the
it ure | seapicHe Bt shaBid R oHidh bhdof by TR bpen R0 o ieChiher

barrier céasiébyopantidlBroradongideély wbbirnging ke opemingsg. TAfasditatk endrs efficdstitded

I ncl udi ng a body ving a, first, end %nd a second end. The bod%/_ I ncl udes a
| engt h gr 8BEaHOR A theess thie 0BG RAPUFRRSY PAISEIACBRMEHPSIIPEE ¥hd and
the second,afifls JHuRId188 ZbRoMdS RoiHeUsRTins PATSAORMKnRN 1R HeNBetaigiough the
nozzle body fTomthe first end to the second end. The passageway | ncl udes
a cent r al barxies cogtitigemady g a imeeohsuntigy taskd Furtheombiegifr mdy e difficalittoa 1 ui d
m xture into at | east.one. opening when the passageway central, axis is

obl i quel y TeNe VrREFR O Mot Eheaines gheg i adienR ey SorbREmBEAERRS®: o
facilitat of fiRMBNMitddSphdectiRtenBE lih&and 9 likd s hahber0bstructing the at

| east one openi ng. nozzl e assenbly is provided for renoving thernal
barrier coati ng) material fromat | east one opening in a gas turbine engine

conmbust or BRIKE EW&@E@E?}IW@I% nozzl e having a first end, a

second end, and a passageway extending through the nozzle fromthe first
end to the $8fBA%s FRFided T6r RABAIE thaGkl B82icR cbRRGNatBR At RA af 3§ one

opening. The method includes providing a mixture of water and a plurality of beads,

and directing the mixture into the at least one opening to facilitate removing thermal

barrier coating material obstructing the opening.

A nozzle is provided including a body having a first end and a second end. The body
includes a length greater than 9 inches (230 mm) measured between the first end and
the second end. The nozzle also includes a passageway extending through the nozzle
body from the first end to the second end. The passageway includes a central axis
extending therethrough and is configured to direct a fluid mixture into at least one
opening when the passageway central axis is obliquely aligned with a central axis of
the at least one opening to facilitate removing thermal barrier coating material

obstructing the at least one opening.

A nozzle assembly is provided for removing thermal barrier coating material from at
least one opening in a gas turbine engine combustor liner. The assembly includes a
nozzle having a first end, a second end, and a passageway extending through the

nozzle from the first end to the second end. The nozzle includes a length greater than
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-2 approximately 9 inches (230 nmm) neasured between the first end and the
second end. The passageway includes a central axis extendi ng therethrough.
The nozzl e assenbly also includes a fluid m xture including water and a
plurality of beads. The nozzle is configured to direct the fluid mxture
into the at | east one opening when the passageway central axis is
obliquely aligned with a central axis of the at |east one opening to
facilitate renmoving thermal barrier coating material obstructing the at

| east onepppematy 9BiRihes (ZDBSAR) BklaGhedbetWiden DiRAMENGY dnidghie sechnd snda

schematic_jllustration.of a gas turbine egngine;. Fiqure 2 is a

o1 055- secTPERERMEAAN 7100 Seai iy RaHBRE e tuouBho T pHC TS B used
with the gags iddiddkneNaadhiRtirs hﬁmix'ra%wﬁieg WA a blurbligWideddd, STRMmERISKed Vi ew
of a portion of the conbustor assenbly shown'in Figure 2 taken along area

3; and Fi genfiguied $o dlifecothe luedy it iofceths &t \easb oneeondnatg ndygnbdieused for

r enovi ng erj al a_ portii of: 1 C ust sho in_ K gqures 2 and
5 DAy LS ot A R R R BB B ol T R e
refers toopeiing® tdlipe tontdving thefma banidr @oati materiplodtstradtas: thayt leag! ude
solid particles, of glass, netal, and/or plastic. The above exanples of

sol i d par PPePREEINE e exenplary only, and are not neant to linit the neaning
of the term"beads". In addition, although the invention is described
herein in association with a gas turbine engine, and nore specifically for
use wi th BBIRF RESCRIPTHIN QF GHE DRARVING®Ngi ne conbustor liner, it should
be understood that the present invention may be applicable to any opening.

Accordi ng actice of the present invention is not limted to gas
t ur bi ne ehgﬂi'”ﬁ"g{ &Soqﬁ?ﬁgl%t?c ’T“Iu %“ﬁ%o.n q%iaﬁﬁ e chematic il lustration of a
gas turbine engine 10 including a | ow pressure conpressor 12, a high

pressure giyup 23s alfcrdsd-sealmabvieandiusi enengiaenbhibultor assegbhethaBmif bal so
i ncl udes a hi g_ft}1 ressure turhine 18, and a_| ow pressure turbine 20.

used Wi e gas turbine engine shown in Figure 1;
Figure 3 is an enlarged view of a portion of the combustor assembly shown in Figure

2 taken along area 3; and

Figure 4 is a front view of an exemplary nozzle that may be used for removing

material from a portion of the combustor shown in Figures 2 and 3.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “beads” refers to any solid particle. For example, solid
particles may include solid particles of glass, metal, and/or plastic. The above
examples of solid particles are exemplary only, and are not meant to limit the meaning
of the term “beads”. In addition, although the invention is described herein in
association with a gas turbine engine, and more specifically for use with openings
within a gas turbine engine combustor liner, it should be understood that the present
invention may be applicable to any opening. Accordingly, practice of the present

invention is not limited to gas turbine engine combustor liners.

Figure 1 is a schematic illustration of a gas turbine engine 10 including a low pressure

compressor 12, a high pressure compressor 14, and a combustor assembly 16. Engine
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Conpressor 12 and turbine 20 are coupled by a first shaft 24, and
conpressor 14 and turbine 18 are coupled by a second shaft 26. In one
enbodi ment, engine 10 is a GE90 engine available from General Electric
Aircraft Engines, G ncinnati, Chio. In operation, air flows through | ow
pressure conpressor 12 froman inlet side 28 of engine 10 and conpressed
air is supplied fromlow pressure conpressor 12 to high pressure
conpressor 14. Conpressed air is then delivered to conbustor assenbly 16
where it i18 abxeadchulés af high aredsurgniutténk IBheandoablost ipvessgas ésbimee2@hannel ed
from conhustor 16 to drive r bi nes an . Flgure 2 is a

o 095~ Sac LTRSS it i ol oo Cobied byt s Siagh 2620S Pmhtesty A4 0l bi ne
engi ne, suGhindS 3AROERRDIHhNBBNd Ehalftl HUTTR ohe efmbOditRnS ehgindN0gNh aERed Vi ew
of a portion of conbustor assenbly 16 taken along area 3. Conbustor
assenbl y s6ging andilabledram GeaerabBleptrisrAiragft Fagingd Ciacipnnth Phior done assenbly
52, an annul ar inner casing 54, an annul ar outer casing 56, and annul ar
radially [ St ' Hhwal . Liners
55 and 60 hPEerallh oSl BRORERM BresithEliinialioP 12, sHSHBECH S8 08 o
assenbl y thginad0undaethprasded hiryis amlied tinnd ddw peesaure conpudsasr tOobhiphi on zone
64 therebetween. Each liner 58 and, 60 .i H’&J % S a resge‘gtive upl?tr am end
66 and 68PHRME SPEBEERY e CINRIETEd &thid thenAsiyergd 1o combyior asppblzd®h  ends

66 and 68yakf ftiiX Gk GRHALAGAI0 R UThO LortlBiRioASHSEAY Rnnefddt 86m! | ner 58
i ncl udes an outer flange support 74 extending froma downstreamend 70 of

| i ner 58. combuastorel topinyeturPmes 48 k@@ y coupl ed to combustor outer casing
56. Inner liner 60 includes an inner flange support 76 that extends from a

downst rea nd, 72 of liher . f s ] coupl ed
o conbuat B0 26 Clostifou ey bR FARER DAL RO péByi o ek Bt
upst r eam enginaf such R usiginen! (z ehewi®4n Figghre i10CFigdes 3 as phudnddrpéd/ vidhw ot xer

assenblies 78 that are spaced circunferentially ar&g% conbustq(fr (%oma
assenbl y Bortiogy oigepm lé%t?rn@sssmh%yxﬂért 5 2lppg|arehd- alPMOBstebAFFENL A zone

64. In the,sRen! fﬁé%e‘?i?’@z?%%%ﬂi 50, GOTHRMRESR dORIEE:sEI Y BLY arw dnrhiFardnfdta!

annul ar conmbustor (DAC I ncl'udes two annul ar conbustor dones. However,
it shoul dasieg Srhawrasndetoutbrtasing 54| erel ananlay sadigthyouliteremd dnrey wbmbudiondonme

| 2?7335})%” 1?16:rsr?)BSyalriu{l %b,uide%pe?c%¥elgry nﬂ%{ars()gS %&T%Hsa{rg rpogi%gggd C('):a(g(rialﬁfxa%%k & in one
central axis 62 of combustor assembly 16 and spaced radially apart to define an
annular combustion zone 64 therebetween. Each liner 58 and 60 includes a respective
upstream end 66 and 68 and a respective downstream end 70 and 72. Liner upstream
ends 66 and 68 are fixedly coupled to combustor dome assembly 52. QOuter liner 58
includes an outer flange support 74 extending from a downstream end 70 of liner 58.
Flange support 74 is fixedly coupled to combustor outer casing 56. Inner liner 60

includes an inner flange support 76 that extends from a downstream end 72 of liner

60. Inner flange support 76 is fixedly coupled to combustor inner casing 54.

Combustor dome assembly 52 defines an upstream end of combustion zone 64 and
includes a plurality of mixer assemblies 78 that are spaced circumferentially around
combustor dome assembly 52 for delivering a mixture of fuel and air to combustion
zone 64. In the exemplary embodiment, combustor dome assembly 52 is a dual
annular combustor (DAC) that includes two annular combustor domes. However, it
should be understood that in alternative embodiments combustor dome assembly 52
may include any number of combustor domes. For example, in one embodiment,
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-4 conbustor done assenbly 52 is a single annular conbustor (SAC), and, in
anot her enbodi nent, conbustor done assenbly 52 is a triple annul ar
conmbustor. An annul ar diffuser 84 channels air discharged from conpressor
14 to the conbustor dones and, nore specifically, into m xer assenblies
78, wherein the conpressed air is mxed with fuel provided by fuel
delivery system 50. The fuel/air mxture is then ignited within conbustion
zone 64 to form conbustion gases, which are discharged fromthe conbustion
zone 64 t howbydioraddrue bisembhoiZ ia 8hgledampmiari combuftor KBAChrapd e s abthxirr

di scharged tromc ressor.14 is c eled.i,n a .passageway 85 defi ned

bet woen' | FREPIBIEL AEBB R As BB s s tirl <iwiB SR ey 87 dofi ned
between liner 60 and conbustor casing 54, for cooling conbustor assenbly
16. More ggegintia¢diffiser $4ehL00RaSdahaRict fhadnapResdruau e caaasagenways 85
and 87 is also channel ed into conbustion zone 64 through a plurality of
openi ngs demaaands apreprasiically,qatoqnixgr assembloes 78y whersipthe sewgressed aihisnnel ed

t hrough o | faci i ' 00H L-ner. : 60 in
rogi ons. _ Sretdfn el Aideh Byeficl RANER Wl 5B ST B iReRP P Bn L et on
gases Wi t gnited cothinsombustivanmné 44 tbubtrheombustjornt gesesiwhich arendibabdrgedr ough
openi ngs 88 al so rqvi des hin fi .0f cooling air to cool an inner

et ace. ofourie onBrtionatne b tabn s bhifnat2AG 60, The thi n i1 m of
protective cooling air flows along inner surfaces 90 and 92 such that a
protecti ve peviodasfythe RYMiprdssed’ 8F MRIhASEIERM cbinpfeSsd?8l4 RNchafiflléneh khe hot
conbusti on gases w thin conbustion zone 64 to facilitate insulating |iners
58 and 60DPaFagaaYe 8hotefnehbRiWedh lings 58 apd copralpistor nepsg® P8, and gined
obl i quel y_wi Spec egLiv e ce, ! dr. 93 ef each
respecti vBX\%S%&@#&S?a&r?ghg%%eﬁyﬁ%ﬂoﬁﬁrqﬁgo%ﬁ?i Eeon a Sltcgngagﬁggogg’nfoﬁggoog B
facilitat esmbudton asahblygl®f Moeepesificdlhc ebe @0maredscd2sir shametddathraugtlesi r ed

boundary | ayer thickn N i ntai ned. More specifi | y,, openi ngs 88
cach | nol BESEFERESANY RO iSRS e aoi ST LTS TGRE ) Sy Ok F GRS ¢ b
respect tofeRekinkESRELIin¥® wWithif ity 58C£4d940.aNfthe Soinprefke@Ngr SRAREIAENT ,
openi ngs 88 and axes 94 are orientated at an approxinmate angle of 20 with

p
respect t ¢hrewghh openipgsc 88 iacibiatasr canyeétinely 9golingd EQ@S 38 andh &0eiteragicnsy

adjacent openings 88, and also facilitates diluting the combustion gases within

combustion zone 64. Furthermore, the air channeled through openings 88 also
provides a thin film of cooling air to cool an inner surface 90 and 92 of each
respective liner 58 and 60. The thin film of protective cooling air flows along inner
surfaces 90 and 92 such that a protective boundary layer is formed between liners 58
and 60 and the hot combustion gases within combustion zone 64 to facilitate

insulating liners 58 and 60 from the hot combustion gases.

Each opening 88 is aligned obliquely with respect to a respective outer surface 91 and
93 of each respective liner 58 and 60. The oblique orientation of openings 88
facilitates film cooling of inner surfaces 90 and 92, such that a desired boundary layer
thickness is maintained. More specifically, openings 88 each include a centerline axis
94 that is also obliquely aligned with respect to each respective outer surface 91 and
93. In one embodiment, openings 88 and axes 94 are orientated at an approximate
angle of 20° with respect to each respective outer surface 91 and 93. In the exemplary
embodiment, openings 88 are substantially circular. However, it should be
understood that openings 88 may be any desired shape and/or configuration.
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enbodi ment, openings 88 are substantially circular. However, it should be
under st ood that openings 88 nmay be any desired shape and/or configuration.
-5 To facilitate insulating liners 58 and 60, a thermal barrier coating 96
is applied to inner surfaces 90 and 92. Thermal barrier coating 96 al so
facilitates reducing an anmount of cooling air that nust be channel ed

t hrough openings 88 for a desired conbustion gas tenperature, or
alternatively, may facilitate an increase in conbustion gas tenperature.
Duri ng apfibifacilitade inshlating limets $fnnd 60, & dladrinal b@Gicardatope¥@is appliel togas

tur bi ne engi ne 10 own, | ELqur .. materi from thernmal .barrier
Lonti e oomesuores A g bR, LS Pl e e bIs Tl IR e SARE ABE,
partial | y a@buftodPL&d1flgY air ARs! Gt e ShAREIRH NBDHUSE  optRinka &8B! fob af Besplelii Ci ent

operation of gas turbine engine 10, and nore Specifically the conbustor
assenbl y tembutipnighs famerasater dteltegwdivelngmay fastlitate andpereasgdn cergbestieni ngs 88

may be renpyv f | iRers 6 rom. w t hi. peni 88. [However,
usi ng kno%S %’e 4 ﬁ%agé?ean]g]iw& gpr%h%%tgoz gfs&l%ﬁ?ilnbaa@%de Ogllﬂg igguﬁp O[ﬁg?ahr%gr%ﬂve

t her mal bgsd hgbine @agined Orsticesd &l Figard 1)0 Makdriad frofp theimalsbabfert dvating 96

adj acent |iner_suppaorts 74 and 76. Mre specifically, hecause of the
limted spyedusldweanthn apdips osgy Linry apeningy) S dhereky P@I@aﬁy r?ércowg%yt s 74

and 76, i . Si & j ot : through
opent ngs SpTHHRE bpOi RS I Bclifhis ARSI SftrlpT HCRRENDHEBhER0 O an
front vi emoné spevificediypharcpmbuogter essasbbnbb,yanyOtetnedtbammer tnating ektéral

renovi ng teri.al fraomlipers 58 and 6 shown in Fi es and 3). and
open! ngs. BETHeLG AReRRERERREY 35 NGy BORODHTIS b0 fd el itz e
102, a copfitihgs1¥ HaReVer, isfnglindwh QtERIs HA8 wahld ZidkAesl Hniyied digesulaobody 108
having a first end 110, a second end 112, and a central axis 114 extending

t hr ough b&rmovESBernag barer voaijng mgterigk Pe g Lingreongnings B8 thelaara edicentt ween
first end;; d ol E ' |
| engt h' 116n0sR0p 96 Ul RNOMEE spddndlls, pESETIVEIY JEIRAE LR benflBg 21 ©
enbodi menlinem @8zl 6@ agd kespddiiviedinep pugportatidednd 76) it malient b2Fdssible.to | n

th nbadi ment , le | h 116 is. i mately 19 inch 480 .
Fowever . POSUPT apin JHder So o eRa g (i s’ By e i ngt b

sui tabl e {:8dting material.

' Figure 4 is an front view of an exemplary nozzle assembly 100 that may be used for
removing material from liners 58 and 60 (shown in Figures 2 and 3) and openings 88
(shown in Figure 3). Nozzle assembly 100 includes a nozzle 102, a conduit 104, and
a fluid source 106. Nozzle 102 includes a body 108 having a first end 110, a second
end 112, and a central axis 114 extending through body 108. Nozzle body 108
extends a length 116 measured between first end 110 and second end 112. In the
exemplary embodiment, nozzle length 116 is greater than approximately 9 inches (230
mm). In one embodiment, nozzle length 116 is approximately 10 inches (250 mm).
In another embodiment, nozzle length 116 is approximately 19 inches (480 mm).
However, it will be understood that nozzle length 116 may be any length suitable for
removing thermal barrier coating material from liner openings 88 that are adjacent
liner supports 74 and/or 76, and such a length 116 will depend on the dimensions and
configuration of liner supports 74 and 76. A passageway 118 extends completely
through nozzle body 108 from first end 110 to second end 112.
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renoving thermal barrier coating material fromliner openings 88 that are
adj acent |iner supports 74 and/or 76, and such a length 116 will depend on
t he di nensions and configuration of |iner supports 74 and 76. A passageway
118 extends conpletely through nozzle body 108 fromfirst end 110 to
second end 112. -6 In the exenplary enbodi ment, nozzle body 108 is
substantially cylindrically shaped. However, it should be understood that
nozzl e body 108 may be any suitable shape. In one enbodi nent, nozzl e body
108 has ain thetexemplaayrembodibehtyeenzlabpdp 08 elbsta@itially eyloddricdlynsBapedd 0. 3

inch (8 , and_ap inner dianeter, define assagewa 18 of bet ween
appr o§<i mat @y Ve ﬁf’ﬂ?‘ﬂa %e (‘lf.ggsﬁ?ﬁ‘g Bo%ﬁl%g?‘fynﬁ# IE;QY ge g”i‘% ?‘Htﬁé]fetsh e, in
the exenpha¢ b’mﬁ&&%ﬁﬁhﬂ%@&zl@ %léléﬂr S0P ALY arl Bfftel iahiidFR I LR PERA mbIeRAY 8D M

tool steel. However, it w be understood that nozzl e body 108 nay be
forned fr twwhdhynmhended.3 ancho(§dnmy,iang aaryneydirraster, defineddryqussagsway hthz| e body

108 havin har dness .of , ;a east RC. .1 .S coupl to fluid
Sour ee 1 08 BeBHE AR SxBiairal p-o7SARL (o R PEAT insB T2 i Phlhertred. iy
comuni caid thie eMeinplady bmbbdimkaOneodd Bode dodMst foided ohhepueaed NP todin  t he

exenpl ary enbodi nent, fluid 120 includes a m xture of water and a plurality
of beadsSteeln Bowewriibwillbaunderpaod tad gozale badnies meybs fompedsiiom ang, nat i ve

enbodi nen a) falri g Il t o,

vl nut oyt B RR6e af B W pSRES o hEOTR bR 1 fol 8 WABESH Do o
punp ( not asleastijRCor ot her suitable neans, to punp fluid 120 fromfluid
source 106 through conduit 104 and nozzle passageway 118. Beads 122 have

an erosiop, resi,stance t .S, | oner n _an _ erosi.o resi,stance of nozzle
oy o5 Newreis X el gb pothEi 10k 0B a SRR e i ik DRSSl 166
when f1 ui d1g20nfhedothugieiiona#a|LfliagseesH@ined WthiBaafssohded Wesanhave an
erosion resistance that is lower than an erosion resistance of |iners 58

and 60. Toer&saplary smbagimensityid 20 daelndey armibepicao! walat andsa pbyelityafi ng
ozl o 100" 12 0ad ftod et B EACLrcct oodd M3 althefle BHBBRIEY, o1 e
102 i s po#ietbeadethaywbeifabridated fr@npowttary aot haisd e waalnmdShelis, akingchdd, hat
nozzle bogr\{d/%ro gon% %%sl?soﬁﬁh% sCo%Péer 13(46 i(%)éliuaeslz:zL ?Sm%%e(not shown), or other suitable
means, to pump fluid 120 from fluid source 106 through conduit 104 and nozzle
passageway 118. Beads 122 have an erosion resistance that is lower than an erosion
resistance of nozzle body 108 such that beads 122 do not erode material from nozzle
body 108 when fluid 120 flows through nozzle passageway 118. Beads 122 also have

an erosion resistance that is lower than an erosion resistance of liners 58 and 60.

To remove thermal barrier coating material that is obstructing liner openings 88 that
are adjacent either support 74 or support 76, nozzle 102 is inserted within the
respective passageway 85 or 87. Nozzle 102 is positioned within the respective
passageway 85 or 87 such that nozzle body 108 and nozzle central axis 114 are
obliquely aligned with respect to the respective outer surface 91 or 93 and an opening
central axis 94, and such that nozzle passageway 118 is directed towards the
respective opening 88. In one embodiment, nozzle body 108 and nozzle central axis
114 are obliquely aligned with respect to the respective outer surface 91 or 93 at an
angle of approximately 13°. Fluid 120 is then pumped from fluid source 106 through
conduit 104 and passageway 118, which directs fluid 120 into opening 118.
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obliquely aligned with respect to the respective outer surface 91 or 93 and
an opening central axis 94, and such that nozzle passageway 118 is
directed towards the respective opening 88. In one enbodi nent, nozzl e body
108 and nozzle central axis 114 are obliquely aligned with respect to the
respective outer surface 91 or 93 at an angle of approximately 13. Fluid
120 is then punped fromfluid source 106 through conduit 104 and
passageway 118, which directs fluid 120 into opening 118. -7 The passage of
flui d 120Thapmsade cfftrid 120 8Roughnapeaimgt8acmalesdhemad bagieaconmemdteriaial from

opening 83. Mire, s ifically,.nqgzzle 102 is nore el ongated i n,conparison
to ot her%reabvwnmfﬁﬁgy%éaévcfﬁﬁaﬁyelﬁﬁ?@fen@%lﬁé?md%ﬁ &R CEBRETI0G Pr om
conbust or olHePRhiow®REMEAfsed TRV thOHH Bkl ¥ostRBt S cBbastdrlfnerand t hus

passageway 118, are nore accurately aligned wth opening axes 94 w thin
openi ngs 8penihgst seohghatdjoagleritody lsentral @sjselddi aral thus passagewayrltl 874reonorg6. The

i nclusion_of the head Lthin.fluid Q... ncreases ergsiyveness of fluid
120 1 cotpartlAEReE s i e 2 Suhb SPRERES Bb ar B HIRER B5ar i ng
mat eri al fdspevticenines tuppdrt MR oOPIENI TYS ,indlhgbe Y thaMehid akithing flui€MYBI Ng
thermal barrier coating material from openings 88. The above-descri bed
nozzl e as¥EFERSs the erasbienessioddhuid, 20 1 epmmarsen falsawn asthors &fItgmosiagur at e
for 1 emviggnebatibabodhd e ARYS Qi@ 1P GrRes, HiEROmEEudgsCri bed
herein permts materiral to be renove rom a conbustot [1ner openi fg :
wi t hout sdnguingdretrha baoks lceating thataridendm aperaxgss880f t he opening. Mre
specifically, the nozzle assenbly described herein facilitates renoving

mat eri al om a conbustor |iner eni ng_, usi an.elongated nqzzle and a
Txture of Modpare ot bt ageAassenPRCH Pibeplseted g SR P Hefly o os
reduci ng B&dudte &r réxﬁﬁﬁ“)i?'mdiéiﬁl $rola BoriBsstor@inkef 6hdnve:. aTKk ndz8lel ®BdrebedRNNET .
Exenpl ary_enbodi nents of nozzl e assenblies are described above in detail.
The syst Befsinaperni maferial dgl eo rempved pemy p ccomyisiar inet Lrgeiner wikelther ei n,
but rathefy . 2! e Ll fad tly and
separatel§h$¥%%?ﬁgg%g%§€%%ﬁgﬁgﬁ?g§§§§®%¥ﬁgg%ﬁgrg@%%Skégﬁbﬁgﬁgggﬂgggenbly
conponent assambhl deschibed Usedn i facititatdd nahovang whithrigdt frem aoeorhisnsts skEmdel y

conponents. . . .
P opening using an elongated nozzle and a mixture of water and beads. As a result, the

nozzle assembly facilitates reducing material removal costs in a cost-effective and

reliable manner.

Exemplary embodiments of nozzie assemblies are described above in detail. The
systems are not limited to the specific embodiments described herein, but rather,
components of each assembly may be utilized independently and separately from
other components described herein. Each nozzle assembly component can also be

used in combination with other nozzle assembly components.

While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention can be practised with

modification within the spirit and scope of the appended claims.



VWil e the invention has been described in terns of various specific

enbodi nents, those skilled in the art will recognize that the invention
can be practised with nodification within the spirit and scope of the
appended clains. CLAIMS: 1. A nethod for renoving thermal barrier coating
material fromat |east one opening, said nethod conprising the step of:
providing a mxture of water and a plurality of beads; and directing the

m xture into the at | east one opening to facilitate renoving thernal
barrier cadiATMSmaterial obstructing the opening. 2. A nethod in accordance
with Gaiml, wherein directing the mxture into the at |east one opening

conprises_directin m xture into l.east .one q h| n a gas
Cur b ne. cdbus foMatiaaror Pk, ol Ty Rar Pidl SO oth BT I0 Che
openi ng. perﬁn%r%f@qgethéu@(ﬁﬁm Bsithblol Caimi or 2, wherein providing a
m xt ure of er and a plural of beads conprises providing a m xture of

water and a plurality of gl ass beads 4. A nethod in accordance with any
one of the prePERHHDE &Mk ohitidtpreand a plpralibt ofgadsiéndr xture into the at
| east one opening conprises directing the mxture into at |east one

openi ng usi ng ;0474 ﬁn Rixthre Rt Wk I@aﬁfﬁﬁgac@%ﬁgg‘atghfaglﬁétg‘ rémo\’)ﬂgr el n

providing a m xture-of water and ap ura s conprises providing
a m xt ur ethemoblisirner caaphgmateriblotafrudtemdbe opératg.have an er osi on resi stance
that is less than the nozzle. 6. A method in accordance with 4 or 5,

wherein di,recti,n he .m xture int eni n 0zzl e
conpri sesbdl rect ﬁ‘ﬁ@“ ﬁﬁ’é ﬁ(i'())’i El?rcg‘mﬁ‘tgfag?q i’ffel%ﬁge(glﬂgﬁﬁ‘%a“ qu’ﬁlg’ @‘ ®hozzl e
that has at1e@A@h6 opéRd ESmprives dRERAN@theRiAhe ifid AIRREodZHRnBF)within aA Met hod
in accordance with any one of clains 4 to 6, wherein directing the mxture

into at |ga%*tuﬂvn@C%@wiqxélnagiOerC@taﬁmrfmoglr@dﬁww&Oméfaitlnrt the #PEHBLt he

nozzle. 8. A nozzle conprising: -9 a body having a first end and a second
end, sai dsbody ACHRRIShNRcAdhfRM A Claim 1 or 2, wherein providing a mixture of

water and a plurality of beads comprises providing a mixture of water and a plurality

of glass beads.

4, A method in accordance with any one of the preceding claims, wherein
directing the mixture into the at least one opening comprises directing the mixture into

at least one opening using a nozzle.

5. A method in accordance with Claim 4, wherein providing a mixture of water
and a plurality of beads comprises providing a mixture including a plurality of beads

that have an erosion resistance that is less than the nozzle.

6. A method in accordance with 4 or 5, wherein directing the mixture into at least
one opening using a nozzle comprises directing the mixture into at least one opening

using a nozzle that has a length greater than approximately 9 inches (230 mm).

7. A method in accordance with any one of claims 4 to 6, wherein directing the

mixture into at least one opening using a nozzle comprises heat treating the nozzle.

8. A nozzle comprising;



greater than 9 inches (230 mm neasured between said first end and said
second end; and a passageway extending through said nozzle body fromsaid
first end to said second end, said passageway conprising a central axis
ext endi ng therethrough and configured to direct a fluid mxture into at

| east one openi ng when said passageway central axis is obliquely aligned
wth a central axis of the at | east one opening to facilitate renoving
thermal barrier coating material obstructing the at | east one opening. 9.
A nozzle in acedodgamaeing 4 firsflead nmng,a vdvendiendsaidibody zémpixinly adeipghant i al |y

cylindricall haped, assageway, definin n er, di sai d
nozzl e bo&SF?%éiélan Sl'z‘ezsa@g(? ﬁ@c@g@wﬁé@t‘wwa% @‘is ‘glnar&féﬁéw“g? @{5\?’&1{ nozzl e
body conpgipes an outer dianeter between approximately 0.2 inch (5 nm and
0.3 inch (8 nm and an inner dianmeter of between approximately 0.07 inch

(1.8 mm and 0.09 inch (2.3 mm. 11. A nozzle in accordance with any one of
clains 8 to 102 pm@gway sdeniling hrough witigozdnpedysiemswikfirst end tnssidzzl e in

acC0r ancEecthl Mt ok Ehiilla 195 o ROMLIIP U 3ifroulB b0

steel. 13 0zZz1 €1 one o wher ei n

sai d nozzkenfignedytocdirget b SRid mikweginio betewameamﬁnmgwm@aid Paskapehag (230
mm and 11 inches (280 nmeasur.ed bet ween Saﬂnt% y first end and said
body secoR#Bh@xisyg. Obkqﬂﬂzﬁlélw%wa@cwﬁa%ﬁe*MWQ S 6%& OB PFRNEEC8 to 12,

wher ei n sgjdi 17e|rr§> amp ?Sc ﬁ# '}ﬁlét&ui?e L% £

i nches (4%% nﬁ? an Vggglnc es ‘A gneasure ﬁggn sa?g&% é%'flrst
end and sapshifgpdy second end. 15 A nozzl e assenbl y for renoving thermal
barrier coating material from at | east one opening in a gas turbine engine

conmbust or 4l i ner, d asse ISI -10 a..nozz |S|n a first
end, a seCond @‘n%ozz fd agc%rgo gg‘@ n?fﬁ eﬁ%m S?lﬁr%ozﬁk%o‘é?'é gyfrom
said fi r stylaagichlty shapel, sgidgasckagaday @eﬁnﬂlgnmzlﬁhﬁ dianged o said @zzlle@agyh greater
than approximately 9 inches (230 mm) neasured between said first end

10. A nozzle in accordance with Claim 9, wherein said nozzle body comprises an
outer diameter between approximately 0.2 inch (5 mm) and 0.3 inch (8 mm) and an

inner diameter of between approximately 0.07 inch (1.8 mm) and 0.09 inch (2.3 mm).

11. A nozzle in accordance with any one of claims 8 to 10, wherein said nozzle

body comprises steel.

12. A nozzle in accordance with Claim 11, wherein said nozzle body comprises

M2 tool steel.

13. A nozzle in accordance with any one of Claims 8 to 12, wherein said nozzle
body comprises a length between approximately 9 inches (230 mm) and 11 inches

(280 mm) measured between said body first end and said body second end.

14. A nozzle in accordance with any one of Claims 8 to 12, wherein said nozzle
body comprises a length between approximately 18 inches (460 mm) and 20 inches

(510 mm) measured between said body first end and said body second end.

15. A nozzle assembly for removing thermal barrier coating material from at least

one opening in a gas turbine engine combustor liner, said assembly comprising:
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and said second end, said passageway conprising a central axis extending
therethrough; and a fluid m xture conprising water and a plurality of
beads, said nozzle <configured to direct said fluid mxture into the at

| east one opening when said passageway central axis is obliquely aligned
with a central axis of the at |east one opening to facilitate renoving
thermal barrier coating material obstructing the at | east one opening. 16.
A nozzl e assenbly in accordance with Caim 15, wherein said fluid mxture
conpri ses a m atnoreecmpaisimg @ ficst and) arsedantdyendf and assasirpaday eahdingvi ng an
erosion resistance | r that .said, nozzle. 17. A nozzle. assenbly in

accor dancirarethsa BerAc oy S%%ﬁrﬁ';m B e Seopni sadh 86 BEFANT PUBRISIBRE- t r eat ed
M2t ool SIeemﬁhx grédter tﬁmﬁlggﬁbﬁnﬁsaﬁm;ﬁaheg (2 RGARY) $RAGG Db by RA ¥ai@ Mst¥hd C ai ms
15 to 17, erein saidnozzle conprises a |l éngth between approximately 9

i nches (230d nsajd asedorrD endnctah Hessageway ¢aoawisingd daenean axisi ¢xtsodipgf i r st
end and s ieget%glgh_sa%gond end. 19. A nozzle assenbly in accordance with
Clainms 1510 , “Wiherein said nozzle substantially cylindrically shaped,
sai d passageway defining an inner dianmeter of said nozzle. 20. A nozzle
assenbljy in acaoﬂﬁignmumt bohAsing lxﬁat;emﬁaﬁded rplaﬁ.li?r B%ﬁh@, dﬁﬁxtmfoizslers] a?
outer dianmeter o et ween appr.oximately 0.2 in 5 and 0,3 in 8
m) and aﬁoqff&véﬁdf i &etteral ff?%&%élﬁea}gm&ﬁ ﬁ*agf’élﬁ‘yob‘? @PeRiRegvhen safd 0. 09

inch (2. 3adieway central axis is obliquely aligned with a central axis of the at least one

opening to facilitate removing thermal barrier coating material obstructing the at least

one opening.

16. A nozzle assembly in accordance with Claim 15, wherein said fluid mixture
comprises a mixture of water and a plurality of glass beads each having an erosion

resistance lower that said nozzle.

17. A nozzle assembly in accordance with Claim 15 or 16, wherein said nozzle

comprises heat-treated M2 tool steel.

18. A nozzle assembly in accordance with any one of Claims 15 to 17, wherein
said nozzle comprises a length between approximately 9 inches (230 mm) and 20

inches (510 mm) measured between said body first end and said body second end.

19. A nozzle assembly in accordance with Claims 15 to 18, wherein said nozzle
substantially cylindrically shaped, said passageway defining an inner diameter of said

nozzle.

20. A nozzle assembly in accordance with Claim 19, wherein said nozzle
comprises an outer diameter of between approximately 0.2 inch (5 mm) and 0.3 inch
(8 mm) and an inner diameter of between approximately 0.07 (1.8 mm) and 0.09 inch
(2.3 mm).
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