;z{e3eJJ"z6TV[.. ESTABLI SH NG A THROAT AREA OF A GAS TURBI NE NOQZZLE, AND A
TECHNI QUE FOR MODI FYI NG THE NOZZLE VANES This invention relates to gas
turbi ne engines and, nore particularly, to the stationary nozzle vane
structure of the gas turbine engi ne. BACKGROUND OF THE | NVENTION I n an
aircraft gas turbine (jet) engine, air is drawn into the front of the
engi ne, conpESTASLIRNING hEHROAWDARIA Obrd S PURBINE NOXZHEWAND Auel . The

m xture i s burned, r |.1] 0 i e re passed

t hrough a gas turbi ﬁ&%ﬁﬁ%@%mw&%%sﬂﬁgﬁb%ﬁﬁﬁﬁgf conmbusti on gas
turns the gas turbine by contacting an airfoil portion of the turbine

bl ade, which turns the shaft and provi des power to the conpressor. The hot
exhaust gases flow fromthe back of the engine, driving it and the aircraft
forward. There may additionally be a bypass fan that forces air around the
cent er cor &hisfinvénsioanglates to gas webinkengineharid, neort eadicolprlyr tnthesationadyi ne
section. The ?onbustion g flow fromthe conbustor of the gas turbine
engi ne ent 8P %VWa?frPB%ﬁﬁt‘? ﬁ%?ttuqugr}e & % ot ati ng) nozzl e structure having
a plurality of stationary nozzle vanes that extend radially around the

ci rcunf er eRRRRGROTND G HRE INVENEIGN ow path of the generally cylindrica
gas turbine engine. The gas turbine nozzle vanes act as a nozzle to
accelerate and redirect the conbustion gas flow slightly so that it enters
t he turbi nén an aitveafpgep durbingl Get) tepgimad atinig| drawhistor dwi frest efl thoorbgise.i on gas
fl ow i npi nges_upon .t urbine bl ades extending.radiglly from.a turbine, wheel
that 18" OPSERIPEAH A CopGaL e S israp Sgoier gVt didtuy s istiBeis o
turn and tbgmes, bk M ¥Rukilg IKRTRNHUSHEn g8 RE paliRdi RRIghaN zadREbAL! NY
paranmeters of the gas turbine engine is the area of the stationary nozzle
vane st r ucmoustedhomthghsantsi shafit hEhe dobuel cambugtion fgaswumpadhse gas twbinedyt he

throat area. The total,throat a, a.desi gn paraneter o he  gas .t ur bi ne
engi ne, - decerAEsR ROl doBrane St P Binicrdh R Brns frectih 364 BES

CONPr eSSOr HBRESEIMHE oRfpr&sd ITRPREE: RSkt a8 IR GrolnS iR bdckRATtheBheiRar amet er
in determning the conpressor stall margin. Desirably, the pairw Se throat
ar ea bet wedrnivimgdharpkthe ab€rafderwand.biTheremoayzddeliticanally be 8 bypasstfan thetifostashi n a
selected pairws hr ogt area.target range,, an | so the total thrpat area
For Catt of airabbns he oter, Gb Bt e dEiner 357 aheuh St hbivce Wby a

sel ected t Qt@ont hroat area target range. The nozzle vanes are manufactured
to cl ose dinensional tol erances, but the variations within the tol erances

and the assenbly tolerances may be sufficiently great that, upon assenbly
of the gas Therchimbystionggaseflowit o tthey gombustir @%@e tgas irbinerangirieceniern@s do

not neet the.pairwse throat . area target ragnge, or that the.total set of

ozl o vana@ufik Hhis s A i) e R yicipreTAd e, Syl of oy P g ol om of
devi ati on Lathitexidhdaadialy 8Ruh@ L irdRTERACDSCABRINDUSHb RIS hihf | cant
after the gas turbine engine has been in service and the dinensions of the

nozzl e vaneftheaaeneraHyyléntirisgl grsrturbieoenginenolhet gasftnibinenmzzlecvanehacttas anozz| e
vane due to erosion,, burni of the vane .material, .a other.effects. In
Uhat cace, SPFAS By EPRST A Bresieh s RpEean ke DRty 2w &t LSl e ng or
repairing BinkNsti MedpRIpeN QRRY Vaddeingl@NAThO98IRRIRAC EdMBusBR PAsORSH
pairings of nozzle vanes to neet the pairwi se and total throat area target
ranges. Evénpingetugtonttidbinenbladéscutandingzadielly &ousa turkine sheelsthatas refajgblsduce,

it is often necessary during the gverhaul qf e.gas turbine engine to

Sor ap ey BT Lot sHabt el e taAaR; afest iR i bR cte e tiros 1 o
vanes in oeggﬁnggnneet the throat area target ranges. Repair techniques
have been proposed for the nozzle vanes, but the available techniques are
not fully acceptable because they may result in undesirably alterations to
t he perf or fneed the impostanbepearaingapaeametdtisef ¢he gasdurbonaiéngipeyis shararea of the an

i nproved appr.oach to the repair of. nozzle vanes so.,that theiy performance
s accopt abPHORRY ngeels e Rty inRl A hish J5% ampurfion gt dlo? Pangp. The
present i nyghfel @M thitat hichS ThOtctal1RREs ardd) @ debich PaFani¥id®\of 8RSgak @hrBiRd

advant ages. 2
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BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a technique
for establishing the throat area of the gas turbine nozzle, and a repair
procedure for the individual nozzle vanes. The present approach all ows both
the pairw se throat area target range and the total throat area target
range to be net. The repair procedure is utilized to provide the individual
nozzl e van€Bging:t detemungs 81§eturbm¢rék§v dhection, ydueh dmdupasetsithe compessorar ea
target ran e, and t hen, t he fi$ nozzl.e g@ £s aretconbl &d to et the
total throRI*SfedeHe F“bde?p‘?’%‘ﬁ‘b@e G ta“f‘réﬁfa‘él"%‘B A PRYE AT EiETpidng Mfensi ons

of the nozgh@pras Stallthar@i) EDesi@BEO MR- pairiEsel tAR7AL Ereﬁfb@ﬁ&‘éﬁre@clﬁpﬁiﬁbﬁ%ﬁsl ally
mai ntains the airfoil shape of the nozzle vanes. A nmethod for establishing

a final thmrhtnemoede ohnes igamintaingd w@hmﬂl@t@bmls‘eﬁu@&t@r@tew@t mhge,

provi ding a S8 t hro ar e, providing at |east two
et ur by ndnh ol B Jafal ot afeR s Bl iR, oS o pite adhos B'a

t hroat are%a‘ﬂﬁhﬂﬁ@&%tﬁﬁﬁ@se@é@tédt@falﬂ%at%%ahh@@tﬂﬁﬁé@'e vanes. Thereafter, for
each pair of gas turbine nozzle vanes whos€ pairwise initial throat area is

not within the final pairwise throat area target range, a trailing edge of
one of the Tgaswuk wanes arpmanufastured $o close dineangional tolopanees, bt the varisfiensep of

det | th
throat . ar e hedhlerBerbd He FpbhPlestiRs ray Ba iy eresl Byeibopne
method is HyRhba) bf/th%waﬂsﬂe leQgifie, WFLLRt Plitd! o dat Yurgfne RRLFIE vahesd@Snétur bi ne

nozzl e vanes together conprising a gas turbine nozzle circunferenti al

st ruct ur e. mkef thegiairmaseathraah prsattargetarangea oy dtat thenigtal iset (fmoeild odnesadminothe
nozzl e pIuraI alrs of s turbj zIe an is selected so that a
s of | nenieetfé i BFod il wipCahts, THEPRBRG B4 e Forh B i AF @ on
area tar 9eftargétr}ﬂﬁ‘gesUé@orﬁése&eﬁfm&étsﬁgiﬁiﬂi&ﬁt hi& thé 3hd 1uIBin€ @ALINEhAS BEADInY

i ncludes the steps of providing one of the gas turbine nozzle vanes having
a rounded seraiceiang thidigessivano thg nbzzie vanes devahetangehbynommiformanwuntsp of

t he gas turbi ne nozzle vane, ,affi xi ng an ext ensi.on eto th a|I|ng
cdge ext endOH PEGUH Bonezrisminer it o Htpiin BBE bF vy itaseh and

material Oygfl ¥ff&9s tfﬁE{hﬁ)&E%‘ﬁie%eYHaﬁﬁng"‘ijthE gﬁs Euﬁﬂhé bﬁﬁn@ﬁﬁﬁldeéiféﬂlab.f Zi ng
the braze material to the extension wre and to the trailing edge. The
brazi ng i s odeepaitaig g.he31nd1vaxbmbrmptzls rvenIeSbymthehttn sejedting the grepargiagingsloft 0 a
brazing tenperature to ne t at eawi portion of the braze material and,
upon cool i RBZAE b e e REEWSF B (o A B1ast HP8 %t or | 2l 10t he
trailing edge. The extending of the trailing edge nay be acconplished in
conj unct i ofveh tthoddhe tIRs iriNiisdli Askz0f vhia Men@ipehélﬁf@% b8as, a8 il srfenssed
above, or independently of any considerations of the throat area and for
ot her reasogeessdy darlngphecaverb@é of thergasghrbing ebgine togerap anamanefitke neede of a

ot ensi on- APPAS SARscor b EACE i a1 GOV abghS AP e i oh s P FSEUR

ni ckel - bas e rgaRRERal g2Y rdiRys. bﬁeﬂ&hﬁt@é}hﬁwhh‘)’e %h'ﬁbﬂds@@fdﬁﬂ@ﬁoi&‘f@v&fes” | oy
X-40, and the extension w re nickel-base superalloy may be ReneR 142
ni ckel - baséut dpea\salllablﬁ tecMIQquraec got efdllja;apq:e@wcblﬁ bedausest they ohaypesulti ing t he

braze materi the of a a.first er. of a h| h- nel t
1 Ter ol | GpdssiseRS tEERone: B BhetinaBR obbe dofh si IRVE is RepoRBbT Aul T ng
edge, and apR| por g uﬁpl%Q@d)Hﬂ)rb&‘ﬁ% t&f re Ipbﬁa&zfeomlsb i1 tliéYleﬁe,lernﬂgnJehe
first layer. The first layer is normally a first-layer nickel-base

super al | oy ihaswdentpble and aksolsay@at thecthegdat mgetasgqmeraegdswe medtt i hhe podsant
greater than the brazi te eR N4 or ReneR 142
ni ckel - bas&$UpeR g’llﬁﬁﬁ/@‘% ?Bﬁ rlpé?/%}&esi rgﬂgﬁggg%rﬁagq Sayer nickel - base

superal | oy braze materi al haV|ng a second- | ayerni ckel - base-superal | oy
melting point |less than the brazing tenperature, such as a mxture of 40
percent by wei ght ReneR 142 superall oy and 60 percent by wei ght of ReneR 80
ni ckel - base superalloy nodified by the addition of silicon and possibly
boron to reduce its nelting point. The brazing tenperature for this
preferred braze material is typically from about 2190F to about 2240F (1200
to 1230C). The present approach alters the nozzle vanes by extending their
trailing edges. The shape of the airfoi% of the nozzle vanes is not
substantially altered. By contrast, in Sone prior approaches for repairing
nozzl e vanes, extra material is applied to the airfoil surfaces of the
nozzl e vane, rather than to the trailing edge, to thicken the nozzle vane.
The thickening of the nozzle vane may change the airfoil profile, so that

t he aerodynam c performance of the nozzle vane is altered. 4



The present approach for extending the trailing edge is readily inplenented
by tack wel ding the extension wire to the trailing edge, and then applying
the braze nmaterial to form snooth aerodynam c surfaces at the trailing
edge. The dianeter of the extension wire may be sel ected dependi ng upon the
anount of extension required. Upon heating, the braze material partially
nmelts and BRal hid AdY & ~ {he trailing edge. Protective
coatings such as dlffu5|on or overlay al um ni des nay optlonally be applied
overlylng e trai

acvant ages 157 PIERt P BRRD Ptk sfenihe R s ptishi fner B BRE of B &8 ng

nor e det ai L gEind @51k péﬂdoé‘ r&hair fi6cdAuRS R rtﬁéj RIAAGH] TR2Ele Jaﬁl‘@nThé‘ pfel&jtunction
wi th the acconpanying drawi ngs, which illustrate, by way of exanple, the

pri nci pl esapproadheallawsebth dhe pdineiss cthqwet atfea tténget mgﬂland) thd B)taidhxoaharnaver
limted to thls referred enfodi nent. BRI EF, DESCRI PTI ON EF THE WﬂNGS
Figure 1 i @gFtd © MAtey RS tRAN RIReediEshis uilizsd, tasprgvi yftualy

conbust or, &y Avarkes WithMRe Bl%é} &n&é‘n&%ﬁﬂo%@atth@ alﬁinf‘sé'%éﬁét%xea% e@raﬂgé
turbine; Figure 2 1s an enlarged plan view of the gas turbine nozzle

ci rcunf er eand &iensthe peirsioEpofziguanes 3ré sorabmedit@inopt thet tntal dhroateavemtargetpai r - of

nozzl e vanes, ken fromthe ie of line 3-3 in F e 2; Figure 4 is a
per spect i an“\gFe GrRYARP B¢ u V\{iezrl éi‘?/aﬁ’é%nsf%sl%f&hgt“%ﬂe Vﬁpﬁu#‘})é agherg

schematic vi it BERE 1&975 inS Qh&hiy N, shhpd BT i dodRePi 'S
of nozzle géaag(g}ss ”%}@913 2 gf d f}{%P f|i]tggram o? 4 gé;erred rretChod for
practi ci ngvades. pr esent approach, and 5 Figures 7-12 |s a series of
schematic fragnented enl arged sectional views perpendicular to the

| engt hwi se dir ct| n of no zIe vane at various. stages of the
g A met od or establgs?neng 2 final throat area of & gas furbine Tozzle comprises the

steps of providing a final pairwise throat area target range, providing at least two gas
turbine nozzle vanes, and thereafter determining a pairwise initial throat area between
each pair of gas turbine nozzle vanes, Thereafter, for each pair of gas turbine nozzle
vanes whose pairwise initial throat area is not within the final pairwise throat area
target range, a trailing edge of one of the gas turbine nozzle vanes is extended
responsive to the step of determining the initial pairwise throat area, so that the final

pairwise throat area is within the final pairwise throat area target range.

The method is typically extended to a nozzle plurality of pairs of gas turbine nozzle
vanes together comprising a gas turbine nozzle circumferential structure. A final total
throat area target range is provided, and the nozzle plurality of pairs of gas turbine
nozzle vanes is selected so that a sum of their final pairwise throat areas is within the

final total throat area target range.

The step of extending the trailing edge preferably includes the steps of providing one
of the gas turbine nozzle vanes having a rounded trailing edge extending lengthwise
between a root and a tip of the gas turbine nozzle vane, affixing an extension wire to
the trailing edge extending lengthwise along the trailing edge, applying a braze
material overlying the extension wire and the trailing edge, and brazing the braze

material to the extension wire and to the trailing edge. The brazing is desirably
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met hod depicted in Figure 6. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1
schematically depicts those conponents of a gas turbine engine 20 that are
pertinent to the present discussion. A flow of conpressed air 21, from an
axial flow conpressor 22, and fuel are supplied to a conbustor 24 extending
toroidally around a centerline of the gas turbine engine 20. The fuel is
m xed w t hacdogplishgsk byshesting ithe brazeamdtehiak tecubrianing fempesatvrestoonelp at legstder at i ng

a conbustion_ gas Jf]ow 26. The.conbustion..gas, flo 6 sses t.hrou a gas
Furbi e no PO Gt the g Sl 0y ot AR g, uratiobh RRESHE il BPhed i ow
di rection gfs9e ahitefifldios thedRallifg RQIge! THE cRicABRE ¥EHRCrhdin M@PtHat 1 on

n&h
when it passes through a gas turbine 30. The conbustion ggs Tgleow 26
i mpi nges upaontplishddnen bdongimsti®P witkatthe astablishingli ofl the finaimtlarostuatsianeasdi sk 34

of the gas jurbipe 30. The,turbine disk 34 is nount on a shaft and
Surne. undefispsed Sha of WdroenaraIN o i OB BB A ths, ottt GHE FDHID6 on
the turbi n%th@ﬁ%?&ns?’z- The shaft 36 extends forward to the conpressor 22,
which is mounted on the shaft 36 so that it turns as the turbine disk 34
and the shaft 36 turn. The gas turbine nozzle circunferential structure 28
i s not noult edypicaltdase, ghefghs Bobiandozzle stane inmady of  ndzeleswns mickehbaset does

not turn with the shaft 36. After the, conbustpon gas f.l ow.26 sses t hrough
The gas t usteriogo Tl the’ Gichtign Bire: ive THER Ob o, FagRRMir THEBAEEnG. 20°

to create E%Y‘ﬁf . (FoE Hﬁmplle,“th@'ﬁpfﬂé-%ﬁe ﬁ@l@ellHdl%é’éx%%raﬂB I bel NRECBoRHIE

mul ti pl e conpresSor stages 1n air flow succession in the conpressor "22, and
nul ti pl e psolidified Rgas® 142 br dloya¥#0e and ticuettensiont wate sitkeldtase espeedlognd gas
turbines 30 in success|on al.ong the conbustion gas flow 26, so that the
combust i onTEdeHB %ﬂ E@é@s 6%YRYt he pairs in succession. The
illustrated portion of the gas turbine engine 20 is generally cylindrically
symetric abaifrefBRedtpsrofih, HRL &kp 8P apSlyll thd®raB3hdterdfl in¥d&hs @fepsst as a
centerline. Figure 2 illustrates the gas turbine nozzle circunferential
struct ure 3gplymggrfastleyeranhigh-mh &ligaalayiintoi agaprreginh betwwecn thref extensional

structure 28 inc|ude . hozzle s oft structu 6 40.and a plurality of
ozsl e vandaresdi e Hafling Fes, 414 JPRMIIE ARG IYoH A BEHE SRBBIPRSY oy or
structure 6ch_ly-ﬂigeth%%§q§§ér.ogh9ﬁ§st fle_i;@i"igéﬁg}‘gﬁl%yﬁ@ ’ﬁPﬁﬂéi’e? HicREI-BRe gﬁ}f‘erﬂlcﬁne of

the illustration 1n Figure A pai'r e nozZl e vanes 427 s
i |l ustrat etaving Fi dustda@r-midkiebbasesuperalhali abeling \wairnd greator diant He Geegingur bi ne

(0TERS SonfMRTUEE: i SLRUSRLE R gl b FIA0 088, V"
42 has opp t f K fart. h
nozzl e vang,4rifasedni i atkeReak Wpadasy ffz8Mhtéid HaHEth Ldcdhkifgr-edge 50

that fair on each side i'nto the ai rflc))il surfaces 44. These el ement’'s may
al so be seaitkelRbdsbrsuparalipeoteiting poistvless thay tiie brzinphtemperative, vacheast2 nmay be

descri bed as havi a root, 52 a a tg 4, a a l,ength L between the root
55" and ¢ he AUKrsat 94 RerERLY FRETLRERE S SinsTloy ot vRICheeqie B ST EB S fand ¢ ne
tip 54 andReh&® ggafilebhit AReRlils' mbMified bk MidfiRondbf SitoP AndGosdblur ved
nozzl e vane centerline 58 extends fromthé |leading edge 48 to the trailing
edge 50, bbemnttonrgdudects mebinggwantof Thehbraring zbmperatuee 4. thisi grafeered braze
illustrates three of, the nozzle v 60, 6 : ,Aozzl e vanes 60
bnd 62 conprteiar s pical i abor 2180% e awcReodi Bl FSPsPE" Vanes 62 and
64 conprise a second pair of nozzle vanes. A throat width Do is the

di stance ofrhel PSR! appPRIcAaMBrs8E WSl Whfes! WO ROTRAE theBAlifd c8aSh MRi r. The

throat w dth is typically the distance between the trailing edge 50 of
one nozzl e shapeeofzahe atrfdl nktheewizzlsovanes pnnethwbstantially alferddoi By sunfrasteind6 of

t he adj acent nozzl e vane. For exanpl e he throat w dth Dol i e di st ance
ot ween ¢ naVEF AFCr AgPeagiessT SFPATTRE AT Sateingtes Akl 1S smeled B s e on
the airfoi biif A6RedBr Me hHLINZE, Sathdn a0 BBYrdilie: EH%@?% ek Qo2 i
defined as the distance between the trailing edge 50 of Tthe nozzle vane 64
and t he neaoed¢ vawi rifhechickérdn@abf theinozde vhscmay 6haige tthveairfod prefiloasoeth&?2. The
t hr oat areahTAi t he product of. the throat width Do times the length L of
the airfoi MGACERAYPRYG! gﬂqnﬂcetoéttﬂqu NGRR% AT rection 56 (see Figure
4). Afinal pairwise throat area target range is a design goal range for
the throat area TA of each pair of nozz%e vanes 42, as for exanple the pair
of nozzle vanes 60 and 62, and/or the pair of nozzle vanes 62 and 64. An
exanpl e of such as final pairwi se throat target range DoL in a typical gas
turbine engine is 1.41 +/- 0.01 square inch (9.1 Q.06 7 cn2). A final
total throat area target range is a design goal range for a sum TTA of the
val ues of TA, summed over all of the pairs 45 of nozzle vanes 42 on the gas
turbine nozzle circunferential structure 28. The final pairw se throat area
target range and the final total throat area target range are paraneters

. o o v g, . " o r Y b1 o a o



Figure 6 is a block flow diagram of an approach for establishing the final
throat area of the gas turbine nozzle circunferential structure, and
Figures 7-12 are views of the region of the trailing edge 50 of the nozzle
vane 42 whose trailing edge is being extended. The airfoil surfaces 46 are
al so depicted in Figures 7-12. A final pairwi se throat area target range is

provi ded, H®herpres¢entzpproash dorsexiensiing tigdwailing edgs is seasdilyi implamentgd ey taskt he

DSt o SRS uPERERISH Y I PSR ARG e R BB
regi ons S50frf sekydMadrbdyrafiié Surfaces ehe BailingleBhd) ETROdAMBeY BN'AR ektenbidde t he

shape di scussed above, "and are typically nade of a nozzle-vane nickel -base
super al | oywirs mie beassdectash dépentlinghepanothel amountesf 4tenslomiredquatedbadkponl | oy i s

an alloy havin e nickel than any oth el epent, and a ni ckel -base

SUper ai | oyheasing. tF bR i ial pROPIE el gu brges By cxise SR aRrpioct FBRIPET gamm
prime or asdRl FirgcRASRind sihIR]ifufibn 8r BY | AIRARBIS URSS éﬂ)th&lﬁllg%d as

t he nozzl e-vane ni ckel -basé superalloy to manufacture the ‘gas turbine

nozzl e vanawplikd overlReptR thdling ddgeiand ita extendiom| conposition in wei ght
percent of about 12.0 percent cobalt, about 6.8 percent chrom um about 1.5

e s 3k e LTS o Pl 2 e B B O
percent hafghioWig ﬁ@%et&leﬁﬁie&@fpﬁ‘éﬁb{_ E%rﬂé%rre&@ﬁﬁédiﬁxeﬁtl,%l@ﬁ 16 ESHjuR@oAN

bal ance nickel and m nor el enents. as turbine nozzle vaneS 42 may
i nst ead bewithdke adcompanyiag drdydsgs, athidyillatratagbynwry of exehple t thapriaciplest her

el ement. An_exanpl e of cobal thase al ] oy. used to ufacture th s

Curbine nodbins e hs SCeRRich RimyguoRs P tavgver BHEL MERBEERE: on i n

wei ght per gapbdipfen@bout 0.5 percent carbon, about 1 percent nanganese,

about 1 percent silicon, about 25 percent chrom um about 2 percent iron,

about 10.5 percent nickel, about 7.5 percent tungsten, bal ance cobalt and
BR & ONWF B PIRAMANCGEY], but the use of the present

m nor el enBRils X & hrie 1
invention is not limted to these alloys used to nake the nozzl e vanes 42.

A pairwisesinitial throat area. between each ir of gas turhine nozzle
Vahos 42" et L Pva 1ol ale Alrlionsl ey 2y G orihrm iRt Az B A nen
of the pai furbihe 8514 sikdintTereAAZ%t@ciad) 8hd b iad fuehihe;mOUNt ed and supported
configuration as shown in Figure 3. If that initial throat area is within
the final pairwise throat area target range, that pair of nozzle vanes is
sati sfact ogggumwlsia@ epdasgasoplan viewd thpgasdueminerpzzle pitspafergmial stryctymge i niti al
throat area is smaller than the final pairwi se throat area target range, a
smal | anou 3 i . : i ratli edge
S0, as by xR oh Pl (VA b GBS SR aBEEHAR, B o Bl 1Y
final prochas3sdn Figureal 76. This situation is seldomfound in practice.)
For each pair of gas turbine nozzle vanes whose pairwise initial throat
area is na%,mjthin the fij nal, pairmﬁsF throqt area target range and is in
fact bel owFigHE 4 Isferspsetive \dewof ope ot the @9z4le vepss 10 5QKEON: he trailing edge
50 of at | east one of the gas turbine nozzle vanes 42 is extended, nuneral
80, respongj A NI Wl Is Dy L4 @ ; é%ﬁ) :Rr oat
area, so tﬁ%ﬁ%t“%%feg éf#ﬁ%ﬁ%ﬁ? lrzévivgévt hr an{H Og%lgga% 91{1 rllggtl&t%)gl’ 1;091?)1151{ gasegahl}rgbi ne
nozzl e vanetne¥2leivanes;t hin the final pairwise throat area target range. To
extend the trailing edge 50, an extension wire 100 is affixed, nuneral 82,

to th ded tr.ail] 50 and_.ext epdi the trailj dge 50
paral | el 1 IECRL01 2 dgb ek SEGHRBERT G SoB Tk IBahandr oA iaE TR rSert

preferabl y,5,0un4. hfy cross section, but may have other cross-sectional
shapes. The extension wire 100 has a dianmeter sufficient to extend the
trailing edge 50 by the desired amount. In a preferred approach, the
extension wire 100 has a diameter of about 0.045 inch ( 1.1 mm. The
extension wire 100 is nade of a material having a high-tenperature
capability conparable with that of the nozzle vane 42 itself. In a
preferred case, the extension wire 100 is nade of an extension-wre

ni ckel - base superall oy such as ReneR 142 alloy. 9 The extension wire 100
is preferably affixed by periodic tack | ds 102, as shown in Figure 8, to
the trailing edge 50, extending outwardly fromthe nozzle vane 42 and away
fromthe airfoil surfaces 46 so that it lies on an outward projection of
the nozzl e vane centerline 58. The tack welds 102 are not the primary
attachnment nechani sm providing the desired strength to hold the extension
wire 100 to the trailing edge 50 in service, and instead need only be
sufficient to hold the extension wire 100 in place adjacent to the trailing
edge 50 during the subsequent brazing operation. A braze material 104 is
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A second layer 110 of a braze conposition is applied overlying the first

| ayer 106, as shown in Figure 10. The second | ayer 110 is preferably a
second- | ayer nickel -base superall oy having a

second- | ayer - ni ckel - base-superal | oy nelting point of at |east one conponent
that is less than the brazing tenperature. The second |ayer 110 preferably
i ncl udes atFigueesst’- H/\Dlscérrp@lﬁémoﬁ schematie t fragmerdet nenlarged ngpctional views
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brazi ng tEﬁﬁﬂﬁﬂkub§&ﬁAn cBreferred secondl ayer nickel -base superalloy IS
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superal | oy powder, and 40 per cent by wei ght of ReneR 80 ni ckel - base
super al | oy DAdIbEDMIHBE REN TON OF T IQN si|icon and optional |y boron
to reduce its neltlng point. This nodified ReneR 80 material has a nonlnal
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| ayers 106 and 11 is heated, nuneral 86, to a bra2|ng tenperature to nelt
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Wil e the assenbly is above the brazing tenperature, the ReneR 0 powder
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sol i di fi esimmsdcasssiars tThe dhswaied qortin of 100 gasndmtbﬁm bmgz@ 2Qnisegéngtally04 to

the trailing.edge. through the nmedi 104, as shown
i gar e SHRERANY StAe PG ay Euigeditf aneltate FaB 7 Midhschus as Aped
processi nglpavigs. the trailing edge extension 112 too |ong, an appropriate
anount may be renoved, as by grinding. Because of the curvature of the
nozzl e vanes 42, the lengthening of the trailing edge 50 reduces the

di nensi on BiguraAdlustretes e gas tiwbime nohzle pia’cumfewtiahstwturaa&m gicatehdetaiho

adj acent nqzzle v anes 42 tignally, the trailij edge,extension 112 may
e coat ed et UitiBEnols ARt srye S A oy e SRS e BOR s des, "B
usual |y is perforned in conjunction with the application of the sane
protective coating 114 to the remai nder_ of the surface of the nozzle vane
42. The protective coating 114 may be ot any operable type, such as a

di ffusion or overlay alum numcoating of the type known in the art, and
optionally wwth the application of a thermal barrier coating of the type
known in the art. The extension of the trailing edge 50, nuneral 80 of
Figure 6, is here described as part of the overall nethod for achieving the
desired final throat areas. However, the extension nmethod 80 may be
practiced by itself, for other reasons. 12




The steps 72-88 are repeated for another pair of nozzle vanes 42, nuneral
90, wuntil all of the pairs of nozzle vanes are properly sized with the
desired dinensions to achieve the desired final pairwi se throat area target
range (TA) in each case. The final total throat area target range is

provi ded, nuneral 92, as an_input paraneter. Fromthe pairs of nozzle vanes
42 that ar 80 and a alyyaley ohnegzigeanes 42 peignding gadially; 3§ a\periphesnd4 of tesnazeleni n t he
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ci rcunf er efihisethti®t mUGEMeQ. 28 is sel ected, nuneral 94. The sel ection
criterionis that a sumof their final pairwi se throat areas nmust be within
the final total throat area target_ _rangeQéTTA). The approach _of Figure 6
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cooling, to bond the extension wire and the braze
edge 48 to the trailing edge 50, bisecting the thickness of the nozzle vane 42.

Figure 5 illustrates three of the nozzle vanes 60, 62, and 64. The nozzle vanes 60 and
62 comprise a first pair of nozzle vanes, and the nozzle vanes 62 and 64 comprise a
second pair of nozzle vanes. A throat width Do is the distance of closest approach
between the two nozzle vanes of each pair. The throat width D¢ is typically the
distance between the trailing edge 50 of one nozzle vane and the nearest point on the
facing airfoil surface 46 of the adjacent nozzle vane. For example, the throat width
Do is the distance between the trailing edge 50 of the nozzle vane 62 and the nearest
point on the airfoil surface 46 of the nozzle vane 60; and the throat width Do; is
defined as the distance between the trailing edge 50 of the nozzle vane 64 and the
nearest point on the airfoil surface 46 of the nozzle vane 62. The throat area TA is the
product of the throat width Do times the length L of the airfoil measured parallel to
the lengthwise direction 56 (see Figure 4).

A final pairwise throat area target range is a design goal range for the throat area TA
of each pair of nozzle vanes 42, as for example the pair of nozzle vanes 60 and 62,
and/or the pair of nozzle vanes 62 and 64. An example of such as final pairwise throat

target range Dol in a typical gas turbine engine is 1.41 +/- 0.01 square inch (9.1+0.06



material to the trailing edge. 2. The nethod of claim1, wherein the gas
turbi ne nozzle vane is nade of a nozzl e-vane ni ckel - base superall oy, and
the extension wire is made of an extension w re nickel-base superalloy. 3.
The nethod of claim2, wherein the extension-wre nickel -base superall oy
has a nom nal conposition in weight percent of about 12 percent cobalt,
about 6.8 paredniingHeiohithient aresdargetranges aslesign goalypegefons semdiliA af theper cent

tungst en, ahout ercent rheni abo .3 ercent tantal . about
619" per ceREGE o] A HFEED e SRS 0BT 5 of merls PSSR of B2 e ibind
carbon, abpeizldeifthmfORAGARIrubaFeIB. TR AT BaitWisk Blro@nEed fafpRt rafbebRithe. 4.
The nmethod of claiml, 2 or 3, wherein the step of applying the braze

mat eri al i fiodlugtd thioat greaptarget rangs| 3 rmpramdétenssseldctedeby ehgine tegignersito il | er
alloy into_a.gap . egian 14 t wee he extension wir.e and.the trailing
cdge. and PRITEEREPETREIrs oF Heds dHipie-gaipto. 4o, LS sBamb SRproie
overlying hfiea bhdk DF thyREent ippr-BBéh. MEhE Qeseht HipRddthds cHRQERIdNint Rt WithSt

| ayer is a first-layer nickel-base superall oy having a

first-| ayeprovidike h-tecdmigus upe adjubting thel dimegsipws off thgrreatler vankaA2 tsheasidpazi ng
tenperature. .6. The nethod of claim5, wherein the first-|ayer nickel-base

super al | oy39HEVENeSePARMEITH t he group consisting of: a first nickel -base
superal | oy having a nom nal conposition, in weight percent, of about 7.5

percent Ccopghite 6 #RBlocR fibw BIAEMATSS &1AHFbALR foﬁ@gaﬁlislilﬁn@ tRE FinglNthr g apeadenum

about 6.0 percent tungsten, about 4.8 percent tantalum about 4.2 percent
al umi num abthetgas tutbing eozae circumzrintial staisowe, dFHgwes cetd ateafiews of thabout
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having a neftbAg QNERANL ffciddRl altb dBERGATH Fifurdlbays, 12,0 per cent

cobalt, about 6.8 percent chrom um abou percent nol ybdenum about 4.9

percent tungsten, about 2.8 percent rhenium about 6.35 percent tantalum
about 6. 15Apianat pairwisk throatarga tatgstitange & pevideditnuimekali 70mAsediswissed. abBver cent

carbon, abﬁ)‘i‘é is%h(i)I:leSut REMe s %he%orers%rrllf prggc!sg,r}%gviaécf g}g {heaegginrendrelsq éne%.e ments.

At least two gas turbine nozzle vanes 42 are provided, numeral 72, one of whose
trailing edge regions 50 is shown in Figure 7. The gas turbine nozzle vanes 42 have
the shape discussed above, and are typically made of a nozzle-vane nickel-base
superalloy as the base metal of the nozzle vanes 42. A nickel-base alloy is an alloy
having more nickel than any other element, and a nickel-base superalloy is a nickel-
base alloy strengthened by the precipitation of gamma prime or a related phase. An
example of a nickel-base superalloy used as the nozzle-vane nickel-base superalloy to
manufacture the gas turbine nozzle vanes 42 is Rene® 142, having a nominal
composition in weight percent of about 12.0 percent cobalt, about 6.8 percent
chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about 2.8
percent rhenium, about 6.35 percent tantalum, about 6.15 percent aluminum, about 1.5
percent hafnium, about 0.12 percent carbon, about 0.015 percent boron, balance nickel
and minor elements. The gas turbine nozzle vanes 42 may instead be made of a
cobalt-base alloy having more cobalt than any other element. An example of a cobalt-

base alloy used to manufacture the gas turbine nozzle vanes 42 is alloy X-40, having a



7. The nethod of claim4, 5 or 6, wherein the second |ayer is a
second- | ayer nickel -base superall oy having a

second- | ayer - ni ckel - base-superall oy nelting point |less than the brazing
tenperature. 15 8. The method of claim7, wherein the second-| ayer

ni ckel -base superalloy is a m xture of a first conponent having a
first-conpberaigl pempestipmin weight pereent of gheutt(he perosnt ¢agbare @pewtal pereenind a

second co ent. hayi -CQ Lt .DOi SS..t he
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havi ng a nom nal conposition in weight percent of about 12.0 percent
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carbon, about 0.015 percent boron, bal ance nickel and m nor elenents, and a
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and having a nom nal conposition, in weight percent, of about 0.|6 percent
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The nethod of any one of the E};ﬂecedi ng clains, wherein the brazing
t enper at ur pair of hozzle wingats satigfictory ard tiupass@40Hinal pagessingl 280yl 76.1 (IfA

nmet hod for ,establishing a final .tfhroa rea of s _tuyrbine nozzle
ci r cunt er efEnafiaL{tfeh ikl o bl B8 Al Sl Al sk e Rnt S 3 Fimay
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nozzl e vanes; thereafter 1

grinding, and the pair of gas turbine nozzle vanes passed to final processing, numeral

76. This situation is seldom found in practice.)

For each pair of gas turbine nozzle vanes whose pairwise initial throat area is not
within the final pairwise throat area target range and is in fact below the final pairwise
throat area target range, the trailing edge 50 of at least one of the gas turbine nozzle
vanes 42 is extended, numeral 80, responsive to the step 74 of determining the initial
pairwise throat area, so that the final pairwise throat area of that pair of gas turbine

nozzle vanes 42 is within the final pairwise throat area target range.

To extend the trailing edge 50, an extension wire 100 is affixed, numeral 82, to the
rounded trailing edge 50 and extending along the trailing edge 50 parallel to the
lengthwise direction 56. The extension wire 100 is preferably round in cross section,
but may have other cross-sectional shapes. The extension wire 100 has a diameter
sufficient to extend the trailing edge 50 by the desired amount. In a preferred
approach, the extension wire 100 has a diameter of about 0.045 inch (1.1 mm). The
extension wire 100 is made of a material having a high-temperature capability
comparable with that of the nozzle vane 42 itself. In a preferred case, the extension

wire 100 is made of an extension-wire nickel-base superalloy such as Rene® 142 alloy.



determning a pairwise initial throat area between each pair of gas turbine
nozzl e vanes (42); and thereafter, for each pair of gas turbine nozzle
vanes whose pairwise initial throat area is not within the final pairw se
throat area target range; extending a trailing edge of at |east one of the
gas turbine nozzle vanes responsive to the step of determning the initial
pai rwi se t Rheextergiemwired 0P haprefarably iaffineddwi periodie taek waldsd02aas showntifi n t he

final pairw h 12 d of claimil
wherei ot nEiebteed orihh B0 i 0t hEBERe obfurd} PR B Sorte 157 T8, o
plurality gfapabish®hir@fSulfdédiaesonh#at Bes/d @ olthald profRlibe of fRMREEIEI Ng the

gas turbine nozzle circunferential structure. 13. The nethod of claim 11,
i ncl udi ng saneastdieriimns8. Jhepackowelds d02 dirsrgotathe ipmimhary atta¢hnidmt azchanisma t ar get
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wher ei n t hadjsteaptocthe gatlingatdgyS0 dulinglthe stlseqeng pszinfg: operation.
A braze material 104 is applied, numeral 84, overlying the extension wire 100 and the
trailing edge 50. The braze material may be applied in one layer or more than one
layer. The preferred approach is to use two layers. A first layer 106, shown in Figure
9, is applied first. The preferred first layer 106 is preferably a high-melt filler alloy
that has good high-temperature properties. The first layer 106 is preferably a slurry of
powder particles of a nickel-base superalloy of the same material as the base metal of
the nozzle vane, such as Rene® 142 in the preferred case. The first layer 106 may
instead be a slurry of another type of alloy, such as the nickel-base superalloy Rene®
N4, having a nominal composition, in weight percent, of about 7.5 percent cobalt,
about 9.75 percent chromium, about 1.5 percent molybdenum, about 6.0 percent
tungsten, about 4.8 percent tantalum, about 4.2 percent aluminum, about 3.45 percent
titanium, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent
boron, about 0.5 percent niobium, balance nickel and minor elements. The first layer
106 preferably is made of a metal having a first-layer melting point greater than that of
a brazing temperature to be discussed below. The powder particles of the first layer
106 are typically slurried in polyethylene oxide (PEO) carrier liquid, with the slurry
having a sufficient viscosity that it may be applied into a V-shaped gap region 108
(Figure 8). The first layer 106 is applied into and in a sufficient amount to fill the V-
shaped gap regions 108 (one on each side of the nozzle vane 46, see Figure 9)
between the extension wire 100 and the trailing edge 50. The first layer 106 is
smoothed to provide a good fairing of the shape of the extension wire 100 into the
airfoil surfaces 46. The slurry is allowed to dry in place by partial evaporation of the

carrier. Complete evaporation of the carrier occurs in the subsequent heating step.

10



provi di ng one of the gas turbine nozzle vanes having a rounded trailing
edge extending | engthw se between a root and a tip of the gas turbine
nozzl e vane; affixing an extension wire to the trailing edge extending

I engt hwi se along the trailing edge; applying a braze material overlying the
extension wire and the trailing edge; and brazing the braze material to the
ext ensi on ¥ seeonghlgyerd 10md a brazq ¢omgpastign is applied oxerlyimg Ae firsiilayer 106, as
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Rene® 142 nickel-base superalloy powder, and 40 percent by weight of Rene® 80

nickel-base superalloy powder modified by the addition of silicon and optionally
boron to reduce its melting point. This modified Rene® 80 material has a nominal
composition, in weight percent, of about 0.16 percent carbon, about 4.5 percent
silicon, about 14.0 percent chromium, about 9.5 percent cobalt, about 4.9 percent
titanium, about 4.0 percent molybdenum, about 4.0 percent tungsten, about 3.0
percent aluminum, about 0.65 percent boron, about 0.03 percent zirconium, balance
nickel and minor elements. The second layer 110 is of any operable thickness, but is
typically from about 0.020 to about 0.050 inch (0.5 to 1.3 mm) thick. This braze
material was selected due to its several-fold improvement in uncoated oxidation
resistance as compared with prior braze materials such as that set forth in US Patent
4,830,934, and an improvement of up to about ten times when coated with an

aluminide coating.

An alternative material for the second layer 110 is SA650 alloy, having a nominal
composition, in weight percent, of about 22-28 percent cobalt, about 16.5-20 percent
chromium, about 3.8-4.4 percent titanium, about 2.2-2.8 percent aluminum, about 1.9-
2.4 percent tantalum, about 0.6-1.3 percent niobium, about 0.4-0.65 percent
molybdenum, about 1.9-2.25 percent tungsten, about 0.95-1.25 percent boron, about
0.03-0.08 percent hafnium, 0.030 percent maximum oxygen, 0.030 percent maximum

nitrogen, balance nickel and minor elements.

The braze material 104, including the layers 106 and 110, is heated, numeral 86, to a

brazing temperature to melt at least a portion of the braze material, the lower-melting

11
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109%& () - ZI campeepy of the) segpnd layer 110 in the preferred case. Typically, the entire
structure of the nozzle vane 42, the extension wire 100, and the braze material 104 is
heated to the brazing temperature in an oven. The brazing temperature is greater than
the melting point of the lower-melting component of the second layer 110 and less
than the melting point of the base metal of the nozzle vane 42 and the extension wire
100, and also typically less than the melting point of the first layer 106. In the
preferred embodiment, the brazing temperature is from about 2190°F to about 2240°F
(1200 to 1230°C). While the assembly is above the brazing temperature, the Rene® 80
powder component of the second layer 110 melts (the Rene® 142 powder remaining
unmelted), infiltrates the powder mass of the first layer 106, wets the powder particles
of the first layer 106, and wets the trailing edge 50 and the extension wire 100. Upon
cooling to a temperature less than the brazing temperature and ultimately to room
temperature, the melted component solidifies and bonds the extension wire 100 and
the braze material 104 to the trailing edge through the medium of the final braze metal
104, as shown in Figure 11, forming the trailing edge extension 112, If the described

processing leaves the trailing edge extension 112 too long, an appropriate amount may

be removed, as by grinding.

Because of the curvature of the nozzle vanes 42, the lengthening of the trailing edge
50 reduces the dimension Do, and thereby reduces the pairwise throat area of the two

adjacent nozzle vanes 42.

Optionally, the trailing edge extension 112 may be coated, numeral 88, with a
protective coating 114. The coating step 88 usually is performed in conjunction with
the application of the same protective coating 114 to the remainder of the surface of
the nozzle vane 42. The protective coating 114 may be of any operable type, such as a
diffusion or overlay aluminum coating of the type known in the art, and optionally

with the application of a thermal barrier coating of the type known in the art.

The extension of the trailing edge 50, numeral 80 of Figure 6, is here described as part
of the overall method for achieving the desired final throat areas. However, the

extension method 80 may be practiced by itself, for other reasons.
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the desired final pairwise throat area target range (TA) in each case.

The final total throat area target range is provided, numeral 92, as an input parameter.
From the pairs of nozzle vanes 42 that are already established to have their final throat
areas within the final pairwise throat area target range, a nozzle plurality of pairs of
gas turbine nozzle vanes that together comprise the gas turbine nozzle circumferential
structure 28 is selected, numeral 94. The selection criterion is that a sum of their final

pairwise throat areas must be within the final total throat area target range (TTA).

The approach of Figure 6 has been practiced on actual sets of nozzle vanes, with good
results. The final throat areas, both pairwise and total, are within the desired throat

area target ranges.

Although a particular embodiment of the invention has been described in detail for
purposes of illustration, various modifications and enhancements may be made
without departing from the spirit and scope of the invention. Accordingly, the

invention is not to be limited except as by the appended claims.
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1. A method for extending a trailing edge of a gas turbine nozzle vane,

comprising the steps of:

providing a gas turbine nozzle vane having a rounded trailing edge extending

lengthwise between a root and a tip of the gas turbine nozzle vane;

affixing an extension wire to the trailing edge extending lengthwise along the

trailing edge;
applying a braze material to the extension wire and the trailing edge; and

heating the braze material to a brazing temperature to melt at least a portion of
the braze material and, upon cooling, to bond the extension wire and the braze

material to the trailing edge.

2, The method of claim 1, wherein the gas turbine nozzle vane is made of a
nozzle-vane nickel-base superalloy, and the extension wire is made of an extension-

wire nickel-base superalloy.

3. The method of claim 2, wherein the extension-wire nickel-base superalloy has
a nominal composition in weight percent of about 12 percent cobalt, about 6.8 percent
chromium, about 1.5 percent molybdenum, about 4.9 percent tungsten, about 2.8
percent rhenium, about 6.35 percent tantalum, about 6.15 percent aluminum, about 1.5
percent hafnium, about 0.12 percent carbon, about 0.015 percent boron, balance nickel

and minor elements.

4. The method of claim 1, 2 or 3, wherein the step of applying the braze material

includes the step of:

applying a first layer of a high-melt filler alloy into a gap region
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between the extension wire and the trailing edge, and thereafter
applying a second layer of a braze composition overlying the first layer.

5. The method of claim 4, wherein the first layer is a first-layer nickel-base
superalloy having a first-layer-nickel-base-superalloy melting point greater than the

brazing temperature.

6. The method of claim 5, wherein the first-layer nickel-base superalloy is

selected from the group consisting of:

a first nickel-base superalloy having a nominal composition, in weight percent,
of about 7.5 percent cobalt, about 9.75 percent chromium, about 1.5 percent
molybdenum, about 6.0 percent tungsten, about 4.8 percent tantalum, about 4.2
percent aluminum, about 3.45 percent titanium, about 0.15 percent hafnium, about
0.05 percent carbon, about 0.004 percent boron, about 0.5 percent niobium, balance

nickel and minor elements, and

a second nickel-base superalloy, having a nominal composition in weight
percent of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about 6.35
percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about 0.12

percent carbon, about 0.015 percent boron, balance nickel and minor elements.

7. The method of claim 4, 5 or 6, wherein the second layer is a second-layer
nickel-base superalloy having a second-layer-nickel-base-superalloy melting point less

than the brazing temperature.
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8. The method of claim 7, wherein the second-layer nickel-base superalloy is a
mixture of a first component having a first-component melting point greater than the
brazing temperature and a second component having a second-component melting

point less than the brazing temperature.

9. The method of claim 7, wherein the second-layer nickel-base superalloy is a

mixture of

a first nickel-base superalloy, having a nominal composition in weight percent
of about 12.0 percent cobalt, about 6.8 percent chromium, about 1.5 percent
molybdenum, about 4.9 percent tungsten, about 2.8 percent rhenium, about 6.35
percent tantalum, about 6.15 percent aluminum, about 1.5 percent hafnium, about 0.12

percent carbon, about 0.015 percent boron, balance nickel and minor elements, and

a second nickel-base superalloy modified by the addition of silicon and boron
and having a nominal composition, in weight percent, of about 0.16 percent carbon,
about 4.5 percent silicon, about 14.0 percent chromium, about 9.5 percent cobalt,
about 4.9 percent titanium, about 4.0 percent molybdenum, about 4.0 percent
tungsten, about 3.0 percent aluminum, about 0.65 percent boron, about 0.03 percent

zirconium, balance nickel and minor elements.

10.  The method of any one of the preceding claims, wherein the brazing
temperature is from about 2190°F to about 2240°F (1200 to 1230°C).

11. A method for establishing a final throat area of a gas turbine nozzle

circumferential structure, comprising the steps of:
providing a final pairwise throat area target range;

providing at least two gas turbine nozzle vanes; thereafier
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pairwise initial throat area is not within the final pairwise throat area target range;

extending a trailing edge of at least one of the gas turbine nozzle vanes
responsive to the step of determining the initial pairwise throat area, so that the final

pairwise throat area is within the final pairwise throat area target range.
12.  The method of claim 11, wherein the step of providing includes the step of:

providing a nozzle plurality of pairs of gas turbine nozzle vanes that together

comprising the gas turbine nozzle circumferential structure.
13.  The method of claim 11, including an additional step, of:
providing a final total throat area target range, and

selecting a nozzle plurality of pairs of gas turbine nozzle vanes that together
comprise the gas turbine nozzle circumferential structure, wherein a sum of their final

pairwise throat areas is within the final total throat area target range.

14.  The method of claim 11, 12 or 13, wherein the step of extending includes the
steps of:

providing one of the gas turbine nozzle vanes having a rounded trailing edge

extending lengthwise between a root and a tip of the gas turbine nozzle vane;

affixing an extension wire to the trailing edge extending lengthwise along the

trailing edge;

applying a braze material overlying the extension wire and the trailing edge;

and

brazing the braze material to the extension wire and to the trailing edge.
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