WO 03/ 001042 PCT/ USO02/ 10536 5 Means for Wear Reduction in a Gas Turbine
Conmbust or Background of the Invention 10 1. Field of the Invention This

i nvent i orwoaBmb®s2t o gas turbine conmbustors and in parti cwcarusho1dsesv

em ssions Ntric Oxide (NOx) conbustors that incorporate nultiple fuel
nozzl es, includi ng Measrfor ¥ealr Redutiimrinea Gas dwebing Cdxabustopr em X swirl er
assenbly. This fuel nozzle arrangenent is typically found in a dual stage
- dual node conbustor used in 15 industrial gas turbines for generating

electricity. Due to manufact urg,eRsdaHd 38 B ivEntib®! €rances with mating
conponents, as well as novenent during operation, wearing of the central

fuel ngzzle f‘n%igiﬁtfjf He 'emig has been known to occur. The conponents are
typically Con'sﬁptreg—u‘&w?rm—ﬁar materials and will therefore wear .at a
sinilar rate. THIS WEROY S 4id0 8y tP%énen%’ﬂl?S‘ﬂlé{g&ﬁéalBé’éﬂ}cHﬁE&a@m TYSHTH each
ot her, 20 jch is.in ro due to relative nechani cal venent, of the
surfaces and“gPff 1%@%&’ Pstess FaMsIPERTPaTRte Hdiple @efqod@éél?sa enclidiag\e wear

can lead to premature replacenent of these conponents at significant
expense to téatehdidenegsle acated witkip| o pegmeint Swislst @sfeorbly nBuis doelt nedzlef uel
nozzle and prem x swirler assenbly can easily exceed $10, 000 per :
conbust or. Forangemgpi catydicatlysfoundlin gaduslusthgane, dedhi modee aomBast@onshidt inon
could require early replacenent costs of over $100, 000 per engi ne.

Utilizisng thiadpsteisiegds tirbyestibogensating ¥leetidity. nBukitd taahfabetifg bheakemblal
fuel nozzle and mating prem x swirler by reducing the amount of wear, for

each conponegleradRd with 786hd B Mﬁts}"%e@g?ﬁl&%ﬁﬁﬁt &ﬁir%ﬁﬁ;\%?*i?ﬁ%@érﬁ I nsert
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within the premx swirler. ~Application of this Inventi I ncredase the

I ength of ti&etﬂen cgﬁ}é@eﬁl@l %ggﬁg%armaﬁng swirler has been known to occur. The

components are typically constructed of similar materials and will therefore wear at a
similar rate. This wear is due to the mating surfaces interacting with each other,
20 which is in turn due to relative mechanical movement of the surfaces and differing
thermal expansion of these surfaces. Excessive wear can lead to premature
replacement of these components at significant expense to the engine operator.
Replacement costs for a new central fuel nozzle and premix swirler assembly can
easily exceed $10,000 per combustor. For a typical industrial gas turbine, this wear
25 condition could require early replacement costs of over $100,000 per engine.
Utilizing the present invention can extend the life of both the central fuel nozzle and
mating premix swirler by reducing the amount of wear, for each component, and
directing what wear does occur to a replaceable insert within the premix swirler.
Application of this invention will increase the length of time in between combustor

30 overhauls, extend component life, and there by reduce maintenance costs to the



30 overhaul s, extend conponent life, and there by reduce nmai ntenance costs
to the 1 WO 03/001042 PCT/ US02/ 10536 5 engi ne. Overhaul costs to the
oper at or Wworo3apphyi ng this invention to the conbustor ar@capsoroxissat el y
$1, 600 per conbustor, or only $16,000 for a typical industrial gas
turbine. 2. Beswi pwvedaulfosRetoatiedpdntor fortappisiad thissnvientidn tvethamypmbastbai n
mul tipl e conbustors each of which contain at 10 | east one fuel nozzle for

i nj ecting fugk apprs@astslyo$l,b00pertomibator, bhenBOIBUTIO0r a Tbisal ifdiflrial BRN

mxes with air and reacts to forma hot gas mi xture that drives a turbine.
The turbine jsgpigechanically connected to a drive shaft, which is coupled to
a generator for generating electricity. Conponents of a conbustor are

constructed of tari with high tenperature capability to

wi t hst and th? Dl tgh%qﬁlém %nw ronment. Despite the high quality
materi al sel ecti there are nulti one ts of a c or that

"t o act, ~and. (SRS RO FPBHg AP BOB AP o o GE R (P

ot her, wll de rade_ duri ng engi ne operation, eventually requiring

repl ad8ment . legs Qnelfé}fﬂeWZZ for snipetineoiigl, cawape o5 Hauid, itprithepomabusterofThéoncer n
for engagenent of 20 a fuel nozzle to a "floating"” nounting ring of a
conbust or cafuchwombixgs Wit sir anduercisrig foimm@, hat @ap osistire thah dhisede turbiaker i al

than the fuel nozzle, is allowed to float around the nozzle. Under engine
operating cofiht tiubitge ishenaehanitdllygcsrnegeditbratieive @@aj Raticl he cbygbd nozz! e,

which is typically made of a softer material, such as stainless steel.
Thi's vibrati gmeanst fP\LeARAINE BLEBRIEX CRRPOUEIBRE RhbuliPr hHSlondPFH Lot
high-grade material with high temperature capability to withstand the harsh operating
15 environment. Despite the high quality material selection, there are multiple
components of a combustor that interact, and these components, through frictional
contact with each other, will degrade during engine operation, eventually requiring
replacement.
U.S. Patent No. 5,749,218, addresses a similar area of concern for engagement of
20 a fuel nozzle to a “floating” mounting ring of a combustor cap assembly. This
mounting ring, composed of a harder ﬁlaterial than the fuel nozzle, is allowed to float
around the nozzle. Under engine operating conditions the mounting ring vibrates
against the fuel nozzle, which is typically made of a softer material, such as stainless
steel. This vibration and movement causes excessive wear on the fuel nozzle.
25 The referenced patent discloses the concept of weld build-up on the fuel nozzle

with a material that is sacrificial when it is worn by the corresponding mounting ring.

Application of this invention has been known to extend the time between scheduled



25 The referenced patent discloses the concept of weld build-up on the fuel
nozzle wth a nmaterial that is sacrificial when it is worn by the
correspomaiprg/oomount i ng ring. Application of this inventi @cThse2/bsan known
to extend the tinme between scheduled 2 WD 03/001042 PCT/ US02/ 10536 5

over hafil s byowshamichy as mMyud06s ¢80 atperating dwuss, thdrerty teducinguled agotuteofnount
of overhaul operations, and as a result, decreasing the anount of tine the

engine is ofvelliade opefatibBNaintSas d Aesule HebrédingOthd PansiR€ &FSirh® thet Hligine is
application is advantageous because the fuel nozzle described is

relatively sgpalle i ShAR: ?ﬁé%el@bﬂl@&@?f&ceﬁnﬁr tﬁi@%?gllriea iggﬁs %%\%#{Eagg&ﬁé on of

the weld build up is not |ocated close to any criti ering

orifices. M i catd on ud | d- terihal at such.orifices ul d
require exc e@egig'%ee t?lgv\%?lkn%le\t,\ﬁ%s%ﬁéeq lsnrce)”izélzPl I\'éeylg, S%garlllg e Baf o4 4o Oy%rhﬁ@eaﬁ/&)
per formance of nozzl|

. the fuel . Therefqre,. al ?ougﬁ he wear r.eduction
means di scl ﬁgﬂr’iq?%ﬂ.ﬁlgioqggf”é Aof %%Wgﬁéuﬁggfpzlfgl,& F e, e‘é??é?tt@ g r‘“”flﬁél fuel
enbodi ment disclosed, it is not advantageous for 15 certain other
interflices, BeleHnaoricernMigtpligaionefzy¢ld hhdiupermgtesial atasuch oaidiceswionlsy
assenbly. What is desired is a wear reduction systemthat provides the cost
benefits of teheire px¢essivareworsup thoésl morzldsaved coddshor tedoed pgfrmehet el t o
wel d build-up material in orifices. 20 Summary and Objects of the
| nventi on | tthe $udl herdé.ore an object of the present invention to reduce the
amount of wear exhibited by a center fuel nozzle in a dual stage-dual node
conbust or. Therefore, although the wear reduction means disclosed in U.S. Patent No.

5,749,218, is adequate for the embodiment disclosed, it is not advantageous for
15 certain other interfaces, such as a central fuel nozzie that engages a fixed swirler
assembly.

What is desired is a wear reduction system that provides the cost benefits of the

prior art, but does not have the shortcomings related to weld build-up material in
orifices.
20 Summary and Objects of the Invention

It is therefore an object of the present invention to reduce the amount of wear

exhibited by a center fuel nozzle in a dual stage-dual mode combustor.

Another object of the invention to direct any wear that does occur to a replaceable

insert and reduce the amount of wear exhibited by the fuel nozzle.
25 Accordingly, the present invention operates in a gas turbine combustor with low

nitric oxide emissions, wherein the invention pertains to a means of reducing the amount

of wear exhibited between a fuel nozzle and its combustion liner interface. Specifically



Anot her object of the invention to direct any wear that does occur to a
repl aceable insert and reduce the anpbunt of wear exhibited by the fuel
nozzl e. 280Asoordi ngly, the present invention operates inPaTgse2/1038ki ne
conmbustor with low nitric oxide em ssions, wherein the invention pertains
t o a méanglisstosed thiakgionklap and wirtctuw ffonizcting nichi 2ssdcibet wathhmamifashringzz| e
and its conbustion liner interface. Specifically 3 WO 03/001042

PCT/ US02/ 18 36sembdy sslbrasedd dsswell semadtanishinfer@dtidn b raeplataabieomsett He@id ng
wear associated with manufacturing and assenbly tolerances as well as

nmechani calip hRb@bhasidnathet,0 @ replaceable insert within in a combustion
liner. In accordance with these and ot her obj ect s which wll becone

apparent  her eiflald Glal DS RSHAN JAVSALI QB! | ehwvta@r%eg&gflegagg?%w

particul ar reference accorrpanyl n P on of

Dr Fi d I t, ncrosseton ortion of a
coﬁylmezg ?o I% a%%ﬁbthgt“gﬁtasri‘tdgv‘%ugég btﬂoﬁ" desﬁflg?ﬂ' P éaéﬂ%lﬂaréﬁ K I’Q@(‘]‘I’ 4 aj |

of Figure 1 and shows a side elevation, in cross 15 section, of a fuel
nozzl élandcesmnaying dreyegngagenent; Figure 3 is a side el evat i on, in cross
section, of a portion of the conbustor in which the present invention is
appl i ed; Figure 4 is an enl ar Beigf Bescuiptionfof Prgwiregs3 whi ch i ncor porates the
details of this invention. 20 Detailed Description of the Preferred
Enbodi ment Figure 1 is a side elevation, in cross section, of a portion of a conventional
combustor for a gas turbine;
Figure 2 is an enlarged detail of Figure 1 and shows a side elevation, in cross
15  section, of a fuel nozzle and combustor cap engagement;
Figure 3 is a side elevation, in cross section, of a portion of the combustor in
which the present invention is applied,
Figure 4 is an enlarged detail of Figure 3 which incorporates the details of this
invention.
20 Detailed Description of the Preferred Embodiment
Referring to Figure 1, a conventional two stage, dual mode combustor 10 is
shown. The combustor includes a combustion liner 11, outer flow sleeve (or heat shield)
12, and a surrounding case (not shown). The combustion liner contains two chambers,
one upstream 13 and one downstream 14, separated by the combustor venturi 15. The
25  combustion liner 11 is enclosed within the combustion system by a cover 16, which

contains an array of primary fuel nozzles 17 as well as a single, center secondary fuel

nozzle 18. Fuel nozzles 17 and 18 are located within combustion liner 11 by liner cap



Referring to Figure 1, a conventional two stage, dual node conbustor 10 is

shown. The conbustor includes a conbustion liner 11, outer flow sleeve (or

heat shi eWw0)3/0d4@42 and a surroundi ng case (not shown). ThePcorasax1isehn | i ner

contains two chanbers, one upstream 13 and one downstream 14, separated by
t he cofbustsembledfur Thdss. futheo2bescwnfiuwpether td pexdudd combestivhosedther s n t he
conbustion system by a cover 16, which contains an array of primary fuel

nozzl es 1fpagean!dondfustorsi dighler CBNt ®wrS@eN dednyndsteh ciaadet €418 Buel
nozzles 17 and 18 are |ocated within conbustion liner 11 by liner cap 4 WO

03/001042 Rerhbd/SQRLIRAR O&@q&g&rm?}jegﬁng'gggﬁﬁ%yel nozzl es work together to

produce conbustion in elther the pstréam conbusti on chanber 13,
downstream co [ h .14, or bpth . chanber.s, .dependi ng.on the
desired oper amgﬁ é‘“gfr%{fl%ﬁggzggﬁg'% tzh%?eepfe) %eﬁlc(go?soseﬁfla et Ogr? lgfml%réfgﬂ‘al cross
sectional view of. a primary fuel nozzle 17 iis sh , ,as was, discussed in
the rel at é’(?za? tl9 1ng8wg,m§v\%raq Sgysget @ the ir%lafpﬂ@rt. 1‘§¥¥1PI588‘E"PH@%&%F? &ris 3ee of

t he caonbustion |iner c&p assenbly 19. Floating collar 20 engages and

| ocat d§ prilogting colias| 20nefz e compuptipncliigs gan pesgmbpnd?- Floating colars1 gngagys

| arger than the primary fuel nozzle to provide a |loose fit in the

conbust i oranfllepates qapnirn duelsivanin)l7 iGicvmbustiondiead yend $s glégholfy lbdger thah lax and

its ability to nove freely or float, during engine operation it will tend

t o cont actprinteey fuet honde @ grosidd arlodsedyah thetcoiibusthh Ihes chys GRA shawh)h&ival at ed
art, 15 fuel nozzle 17 contains weld build-up 21 and floating collar 20

woul d wearthd Rfyereizd of i doiab Pr PNEYLIRS 18 ndo¥s WeblyQr g,ro%e QRtiRS eS%ih@ bp @Ry

contact between the two parts. The preferred efbodi nent 1S own I n FIgures

3 and 4. K gyl £,3 t@%BMﬁ%@tﬂQ 18 moz i€ Eu%% %nagagﬁt ft.\ADAsS&i@cqgsecfj 1%6}116 gs%{gd art,

conmbusti on system is system contal

15 fuel nozzle 17 contains weld build-up 21 and floating collar 20 would wear the weld
build-up away as a result of repeated frictional contact between the two parts.

The preferred embodiment is shown in Figures 3 and 4. Figure 3 shows another

version of a two stage, dual mode combustion system 30. This system contains a

combustion liner 31, flow sleeve (or heat shield) 32, and a surrounding case (not shown).

20  The combustion liner contains two chambers, one upstream 33, and one downstream 34,

separated by a venturi 35. The combustion system is enclosed with an end cover 36,

which contains an array of primary fuel nozzles 37, as well as a single , central secondary

fuel nozzle 38. Similar to other two stage, dual mode combustors, these fuel nozzles

work together to produce combustion in either the upstream combustion chamber 33, the

25  downstream combustion chamber 34, or both combustion chambers, depending on the

desired operating condition.



conmbustion liner 31, flow sleeve (or heat shield) 32, and a surroundi ng
case (not shown). 20 The conbustion liner contains two chanbers, one
upst reamsd,03amd4nne downstream 34, separated by a vent uPCTAB02/T1586
conbustion systemis enclosed with an end cover 36, which contains an
array 6f pri maGonihistiomtingd #k sBown dis Figeld 3,adscacaitaind & cae esskmaly Xeedndar y
fuel nozzle 38. Simlar to other two stage, dual node conbustors, these

fuel nozzliggudesawls dongeithie ceitorbdaaulies 40 HEUSL iR Hré c&ilihBar atbhexup L peam
conbusti on chanmber 33, the 25 downstream conbusti on chanber 34, or both

conmbust i om,f i o | WO
03/ 001042 chril§l %[27?14023132%5%83%&2?%? f“?‘ﬁg%’%%“ aﬁﬁg\% 4 415 3"3‘?{5 ,em?‘

cont ai ns. 3,640 ASSEIBIY Aoy by Sloh DGk ey ug, ONCSALLL GG SRE L Doy, tubes

40 and 41 are o 1né axrs B- cated

at the exit,_of bet ween t ubes 40 whi | swirler 43 is

| ocat ed cénipt &¢ &p gf% REPEASPIF RS SYifler ‘f‘se‘g@n éFc%ﬁéﬁ’ng‘ﬁfi}W%Fs Beialedking has
atip 44 that engages prenm x swirler 43 when the secondary fuel nozzle is

i nst allfed PROIGOCHHEOUER endeoerPbulis bRgnerspaienggea pf nozzle tipdbiogagmivent
area of nozzle tip 44 to premix swirler 43 that is the focus of this

i nvent i on.swithirst3gthetisdhe &reyagéteninvamibnt Hehipaeh ef eagageewbodidtbapraférr¢die
invention is shown in detail in Figure 4. Figure 4 shows the engagenent of
secondar y ehdbetintemz ot the3bventioh s shomalie déthid iftBigurd it 0 prem x swirler 43. This
i s acconplished by having an inner ring 45 |ocated within 15 the vanes 46

of premix Swirirggurdd. shbAR tRé @ﬁ@dgrememvm%é&faafysmhﬁmw)@s Lhen RESA0EHRAL
surfaces of the prem x swirler and secondary ‘fuel nozzle tip as itens 47

and 48,  TEORRGI/Syifter 40 ThRackddiflist B nh¥ifig Bh GG oY 43 BEaiéP wERH A1 NS

a cyllndrlcal I nsert

15 the vanes 46 of premix swirler 43. The present invention is shown on the engagement
surfaces of the premix swirler and secondary fuel nozzle tip as items 47 and 48,
respectively. The inner ring 45 of the premix swirler 43 contains a cylindrical insert 47
which is constructed of a hardened material, such as L-605. L-605 is a high temperature
cobalt-base superalloy for wear resistance between mating components. The insert 47 is

20  welded in place to inner ring 45 such that it can be removed during combustion overhauls
and replaced with a new insert. To complete the interface region, the fuel nozzle tip 44 is
coated with a metal spray, such as Stellite 31, that is harder than the insert 47, such that
any wear that does occur due to part-to-part contact occurs on the replaceable insert 47.
The fuel nozzle tip coating is shown in Figure 4 as region 48.

25 When examining this assembly carefully, it becomes evident that wear protection
in this region is necessary due to the means in which the central fuel nozzle is mounted to

the combustor. The central fuel nozzle assembly 38 is mounted to the end cover 36 and



which is constructed of a hardened material, such as L-605. L-605 is a high
tenperature cobalt-base superalloy for wear resistance between nmating
conmponentwo o¥heloknsert 47 is 20 welded in place to i nner PCA@gsdbiEsech t hat
it can be renmpved during conbustion overhauls and replaced with a new

i nsert 5 Tdheoopiletip lahes imb eafidleecredgostin, tthenflingl appoxametelyi Pt #dhésint€oat ed
with a netal spray, such as Stellite 31, that is harder than the insert 47,
such that tharymbesaor.t BaterdblgstoReides, dhttutenpmibt tolear?ss, tandOdtent! viBfRELLS ON
the repl aceable insert 47. The fuel nozzle tip coating is shown in Figure

4 as regi n4B3mbire WRRUXRRROFRY nbMS tig%_gfeégﬁ!ta)étiﬁgraﬁﬁ %éa}’ing Lagai?%(:@ﬁﬁeﬁx

evident that wear protection in this region Is nécessary neans

in whicht . I €.LS : ted .t t he conbustor, . The. central
el noszI S gathoind 4, ARG PuR ERACh AR e Slfe SRR oD 042
PCT/ US02/ 10536, 5.t he nozzle tip hangs in a cantilevered position, extending
appr oxi mtrgigygaﬂf PHRERESSYIHED 45'[ hﬂm% g%ﬁ@t By SHEING tP&F“@F’&n‘H%E{ 0.025

manuf acturing tol erances, and engine vibrations can conbine to result in
the fddl dadigie  Thissgrrcexislicky AGlenie msaRzaghagamarst ofr pavi-fo-pastricpntaet. | nner
ring 45. T]%/pi cally there is a nom nal gap between nozzle tip 44 and inner
ring 45 ofExsessinexgapaibebwgendgmzzIehins 44 apd dener viagytSf alrwsefugl neait,owknlyierizs up t o
0.025" 10 radially. This gap exists in order to mnimze the anmount of

part - t o- pafrdm oafitec49, defenglagsin/ thegrgis df@psyaion, 16 padsehiouph 4ifs aaslins@AGHE I i NY
45 allows fuel or air, which exits fromorifices 49, dependi ng on the node

of ~oper at i Bfbugh ShdPB& ik BHAUENHeRbS r8RRingNEE 8RB of fuBT AMOR: LEENRHERE ¥
swirler, thereby reducing the amount of fuel and air m Xxing pr|0tp to

Corbuet gl SNALISEAR n R 1 SOONLCORERSLAE RS
15  requiring extensive and costly repairs to each component.

Unlike the prior art, it is more desirable to limit what wear does occur to the
premix swirler insert 47 rather than the fuel nozzle tip 44, for a variety of reasons. First,
the fuel nozzle is carefully flow tested and fuel orifices 49 are reworked and adjusted to
within +/-0.001” of nominal design after final machining or coating. Any wear to the tip

20  area of the nozzle as a result of interaction with the premix swirler could have an
undesirable affect on fuel flow to the combustor. Therefore, with the fuel nozzle tip 44
and coating 48 as the harder surface in the relationship, this area requires minimal repair
or replacement of coating. Second, insert 47 is welded to the inner ring 45 of premix
swirler 43 in such a way that it can be easily removed during standard combustor

25  maintenance, during which the cap assembly 39 is removed from the combustion liner 31

for overhaul and reapplication of its thermal barrier coating. Therefore, no extra

processes are required in order to gain access to the premix swirler 43 region. Once the



Unlike the prior art, it is nore desirable to limt what wear does occur to
the premx swirler insert 47 rather than the fuel nozzle tip 44, for a
vari ety oWoreeasons. First, the fuel nozzle is carefully fPCowsrestsed and
fuel orifices 49 are reworked and adjusted to wthin 0.001" of nom nal

desi gnSaf tussertfis methoveals by rduttgngothe cweltls, my. exfuaymawaming @r toperatiops 2@ raqeeedof t he
nozzle as a result of interaction with the premx swirler could have an
undesi r ablpgioatd aeldigmafndel inkérom placé.h@he atithlisdadn thEh@eeho itentiéd iy hbe f uel
nozzle tip 44 and coating 48 as the harder surface in the rel ationship,

this area\eauidesss Bl Rl prlRPRl {s wih re%@&@ﬁeﬁﬁa{;va&f alfRAY 117 GervRRCANGhS
i nsert 47 is welded to the inner rlng premx SW r er 43 1 n such a

way t hat Rﬁ@ﬁe‘?ﬁe GRR %ex%g{%mgtgg ﬂa&ﬂ:e% OJTB%{E fem iRl ahgnance,

during Whl C cap asse em)ve e co ustp Fon1ner 31
for overhaul and r I.ic tion rmal ating. .Ther, fore,
no extra Wﬁ@é@?&ﬁaﬁf g&"&?’i té’ch? ﬁueip f (51{’%1&:@@@ {hﬁp?ﬂ’%‘xﬁw
swirler 43 region. the 7 WO 03/ 001042 PCT/ USO02/ 10536 5 insert |s
renoval, oyt eﬂ% barﬁ@nqdw@aﬁﬁiéﬁld sThip avauld seguir@HPRH Yigo \srhash epaetienido dissard
reqwred prior to welding a new insert in place. The third reason the
present i wedivns of thesoldorap asseviin Sgeseidicaliieconchetriprtivoss 46r and 41, wk tellrass pect
to hardware already in service in gas turbines. The nost feasible nethod
to practi ceildedpandrdalhe aod torelecusthie pactiae xhespriar lagrat thie ddcati@svetidrde and
direct wear to the fuel nozzle tip, would be to nake the prem x swirler 10

out of a RandrAsty ARkEMHadlthe JilRidht WRVAEhN! eldieldrereCt %Pé%bﬂﬁn@é&@ﬂbﬂ%%wdes a
operations to discard portl ons of the old cap assenbl y 39, specifically

concent ri G, Lybgs m%ﬁea@é'ﬂl eﬁ\ﬁﬂle cﬁ”soo 1o We rﬂfﬁlﬁc %%Irl%fl d3 444 sg-&ﬁfl&gsﬂle to the

user to practl ce the prior I't at this ocatl on S1 gni ant

nor e tgan nozze%% Pan'mrﬁ\r/r?a%bs tothyh%er efore, the present invention provi des

While the invention has been described in what is known as presently the
preferred embodiment, it is to be understood that the invention is not to be limited to the
disclosed embodiment but, on the contrary, is intended to cover various modifications

and equivalent arrangements within the scope of the following claims.

20



means to increase the conponent life of both the premx swirler 43 and
secondary fuel 15 nozzle tip 44 at a mninmal cost to the user. Wile the
i nvent i orwbag/obwen described in what is known as present| pycrhesoz2/prses err ed
enbodinent, it is to be understood that the invention is not to be l[imted
to the5 diWbitosedaisnisodi nent but, on the contrary, is intended to cover
various nodifications and equivalent arrangenents within the scope of the

following cl&i . wef) fdWidS/mh043r RCEAISOBInEO 230 buhoad]l Werzfd dpmuns: 1.
A wear reduction neans for a gas turbine conbustor fuel nozzle tip and

correspondi ng egg ggﬁtgeggégeﬁ%tggﬁggic&hﬁ%nggn el ongated fuel nozzle
havi ng opposi ng ends; one end of said el ongated fuel nozzle having a

coating; 10 anfag%%%g{rgg%%z}%%ﬁgg?gﬂgé@%olrgiﬁ%-eﬁggbpsti on liner; said

engagenent surface ;an insert manufactured of a
hardened material |ocated within.said agenent .. surface wherein the
materi al of saio&eleﬂ(ggf?al lgnggﬁé;f%ﬂg%@%{}%éf’glgtaﬁé’ﬁh?%e material of said
coat i qg of said fuel nozzle; 15 2, The gas turbine conbustor of Caiml
wher e 1Pn sai d PefNSRESRFY Pyfpcgnyithiny @ coppsiaarp dmarn ngpié ripgasemeit ssifpeaice

are manufactured fromsimlar materials. 3. The wear reduction nmeans of
Cl ai m 1 wher prognajapaid coaiinigng i s a hardened netal

an insert manufactured of a hardened material located within said engagement
surface wherein the material of said insert has a hardness less than the material of said
coating of said fuel nozzle;
15
2. The gas turbine combustor of Claim 1 where in said fuel nozzle tip and said
corresponding engagement surface are manufactured from similar materials.
3. The wear reduction means of Claim 1 where in said coating is a hardened metal
spray, such as Stellite 31.
20 4. The wear reduction means of Claim 3 where in said coating is applied up to 0.025
inches thick to said fuel nozzle tip.
5. The wear reduction means of Claim 1 where in said insert is manufactured from a
hardened material resistant to wear, such as L-605.
6. The wear reduction means of Claim 6 where in said insert is manufactured from

25 material at least 0.015 inches thick.
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