AUGVENTOR PI LOT NOZZLE BACKGROUND OF THE I NVENTION 1 Field of the
I nvention [0001] This invention relates to turbine engines, and nore
particularly to turbine engine augnmentors. (2) Description of the Rel ated

Art [0002] Afterburners or thy own in the industry. A
nunber of configurations expgﬁskgﬁyﬂﬂﬁggﬁgiﬂ$ég%tgguration, exhaust gases
fromthe turbine pass over an augnentor centerbody. Additional fuel is

i ntroduced proxi mte the centerbody and is conbusted to provide

addi tional thrust. In someBA&KGRQ OFsTHE AN VEDNGHON or cent er bOdK i s
I nt egr at | l.ne centerbody. In other configurations, the
augnent o mlﬁﬁfﬂé ba{tghsepar ated fromthe turbine centerbody with a duct
surround|00g1p spaThis hetenaemrdidies fowdrbidéd eﬁginc?,%ﬂ Hhére pafifRuiatid o ARGine eﬁéﬁc 015
show exenl})l ary integrated augnentors. [0003] The augnmentor "nmay feature a

f

nunber & Bol der elements for initiating conbustion of the

addi ti on?g]jeg : tioﬁiéf%é Rglaféﬂ\’;{gfes are used to stabilize the flame on the
rs I ch, |

f I amehol in turn, stribute the flane across the flow path

around t [0802nt er AfieburrBridARGsCughtdhtdr N Nhb@Y ib BROATuNSCATHinlEt ¥ one
aspect of the invention involves a turbine engine. centerbody is

A
posi t i onEANEHEALORS gxigh dn $ Pevgsheenfgurion patheest @ases fmmttld@éﬂﬂmaﬁomglna
downstre ' ks i t he. tail cone.
A hunber iAo RS, Addliofl i iRl Rl BRE R0y
cent er boehymbustedunipeovidé additédnal thirestt Jarssmeanafigiratiotsphe dugmetopéents bedyi iat ed

b t ' . h lated vanes. Each injector has an,
h ot apestir IR i Sy AR 15 e i e oR ke BRI CSTETtSRY sThe
passageveipainesl frén fthe QibiROELGBod) WRE hiddst sut8lindifg b %@?@ﬁ&ﬁ% SR8y

ext endi ng downstream di vergent surface portion and ected by said
surf ace %ﬁ?mﬁ 8:03p d 48 and PS8 A §shiow exemplary inteigetedoaugmentaastber  of igniters

are posi fg d withi i ones_of, t he va to.ignite the fuel

di scﬁar g@lggﬂfer om %@s@l 6‘1:?) {e)og n%&(gjgatg%a\%gnl?eﬁé’?ﬂf‘ﬂ??ﬁ@fl%'re& ‘frﬁbg’g]m‘f’ﬁt‘%ri ous
i npl ementahtuatisn of the addiivagefely PilBing dvied afeQted th S5MNSS the Fainedntge gent
portion éactlahn qandhir%gced apart. fromthe downstream di vergent surface

portion ers, Whighy Inctugs, distrdbute the flame acegss the flaw pathiaremdithy centerpedise a
channel havi ng upstream and

SUMMARY OF THE INVENTION
[0004] Accordingly, one aspect of the invention involves a turbine engine. A
centerbody is positioned within a gas flowpath from upstream to downstream and has a
downstream tailcone and a pilot proximate an upstream end of the tailcone. A number of
vanes are positioned in the flowpath outboard of the centerbody. A number of fuel injectors
are at inboard ends of associated spray bars extending thrdugh associated vanes. Each injector
has an inlet, an outlet, and a passageway between the inlet and the outlet. The passageway has
a first portion directing fuel to impact a transversely extending downstream divergent surface
portion and be deflected by said surface portion to be discharged from the injector. A number
of igniters are positioned within associated ones of the vanes to ignite the fuel discharged
from associated ones of the fuel injectors.
[0005] In various implementations, the passageway may have a second downstream
divergent portion facing and spaced apart from the downstream divergent surface portion and
at an angle of less than 5° thereto. The pilot may comprise a channel having upstream and
downstream rims and a base. Each injector may be oriented so that a centerline of a jet of fuel

discharged from such injector is directed toward the base of the channel. The downstream
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downstreamrins and a base. Each injector may be oriented so that a
centerline of a jet of fuel discharged fromsuch injector is directed
toward the base of the channel. The downstream 1 di vergent surface portion

b .nb f f { | y-ext endi | ot ... Th ot .~ ma
nave o pardBOR i@ o AGEpRy o8 o RRRHELRER pEF iFerieh afRotinglatp e o™
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Anot her aspect of the invent ioon i nvol ves a turbine engi ne aughen
nozzl e. addivaigingabamargleob?Bxd3tal inlet for connection to an augnentor

f uel it A e has istal .. outlet for,expelling a spra f _fuel.
Augas g g g“\/\gé ext gﬁ%zéh?rra % g‘é@? NGRS g’é’\%ﬁ@f‘ & g‘&ﬁi“ﬁ%f‘&l&‘& ﬁgglﬁﬁntgﬁ?éﬁﬁ"aﬁge
out | et ﬂdzeleﬂﬁ§§?wﬁml it i danaEio tO)n Bilirhéfor e OHBLIAGE nBAAE hhSdistal
including |ateral portions diverging dowstream In various

i mpl enerftuilet or§xpalling p spray af fuehdy passraswan gxi¢ndsfrom upstream taedownstream angl e

of 55-9 ' di ver.ge, do ream.at .an .angl e. of

c0- 50, (660 e RRAL, PRt AR vl b PO tho SeREbeRiche

engi ne dndoding daterabpaitions Wiverghigd dviassadewayioiSinkierneasions, detiateal end
surface portions defmng a laterally elongate slot. The surface portions
may incm%atéoqsa{?@f We%ardpafe@ffﬁa}%tiaar@ghiqfégﬁﬁg The daterahportiopheay diverge

angl e Ofdo%]:sﬂéaxﬁ@fjaﬁ éﬁéggi(ggsfurfac& portions extending between the

| at eral surface port vergi ng fromeach other at angle of 0-5.
[0008] Afd@Her asietherafpdchef thawerhiiominvolves ¥ gas turbiné Biggind migmentor nozzle

remanuf act uring a turbin engj,ne ment o havi ng ane and
cent or botER ArhareEe Tk * baysdekhY @%ﬁﬁ%ﬂ%ﬁfaaﬁaompgﬁe&y% a¢rally glengite
fuel nozgdieThd fiffaee pOAdNE Hﬁ:&@ﬁ&éﬁwk@ sditlel g G dﬁ»cérghé %E)?:'ne@:?cﬁ%e?][at ée e

of a fuel jet in a nore radial orientation than a jet™o I rst
nozzl e amgleof 356957 gud trdnsyerse shrfacetpodtigne extehding betveen tin: ateed] sndace e i s

nore dif olilt%ansiﬁd%vérﬁ%ﬁ%ﬁ%{ﬁio@%&a{%%égrgﬂg’éﬁhe jet of the first fuel

nozzl e. "'n"various i d fuel nozzle is configured

so that [0068] j et Arothe\uEpet 6f he WRRHEES idvBReh 8 neod B rdmdntitachutfile MNQAZRE 1 S
symmetric around its centerline. 10009] The details of one or nore

enbodi meRgNeRUSIERtor hyWRE p yAnead aeepterbrdyh Aj first fivel nazeledsrmepedgndr awi ngs
dth i DL | ' . _th
ent - JSPREH i 2cRiodt B8 TSR LR S AL AR AR O |

I nvention w apparen scription an )
cl ai ms. BRIfiaE jPESGRhEYE raalGhriehtd obRAN NESSof 1he fiddt fikdl GozAle bAd & coafigired s6

longi t U%Qt%{le Jse?%%{h%ns%clson\éi 1%¥Y rl%fzzl(fa1 is r%io{'eccgi%ge ﬁ%ﬁera tI o%gtd'irection than the jet of the
first fuel nozzle. In various implementations, the second fuel nozzle is configured so that its
jet is asymmetric whereas the jet of the first fuel nozzle is symmetric around its centerline.
[0009] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a schematic longitudinal sectional view of an aircraft powerplant.
[0011) FIG. 2 is a partial semi-schematic longitudinal cutaway view of a first

augmentor for use in the powerplant of FIG. 1

[0012] FIG. 3 is an upstream end view of a nozzle of the augmentor of FIG. 2.
[0013] FIG. 4 is a Jongitudinal sectional view of the nozzle of FIG. 3, taken along line
4-4,

[0014] FIG. 5 15 an enlarged view of a distal portion of the nozzle of FIG. 4.
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[0011] FIG 2 is a partial sem-schematic |ongitudinal cutaway view of a
first augnmentor for use in the powerplant of FIG 1 100121 FIG 3 is an
upstream end vi ew of a nozzle of the augnentor of FIG 2. [0013] FIG 4 is
a longit i onal . view of the nozzle of FIG t aken al ong |ine
32" SodlfsIR, o936, R invi seripReliie ohtinorale opBIG: Hriken alone Iwezz o
of FIG @l 2 [0015] FIG 6 is a transverse sectional view of the nozzle of
FIG 5, taken along line 6-6. [0016] FIG 7 is a side view of the distal
porti on [8016]he ndﬂ%lél&ﬁ sife @e@fthedmw]pbmﬂoaof&feemanb@flﬂﬂbﬁrs and

desi gnat in ri ous dr.awi ngs, indicate like . ment s DETAI LED
DESCRI P P@Jﬂﬁ[ 0018 Ilg"F’i"' refcedpRbe Tsaaf%o%élrgﬁ? 008 %@eWéVPH@STaWMtWHFate Jike

| ongi t udilgraént@xi s 500. Fromfore to aft and upstreamto downstreamin an
aftward direction 501, the powerplant includes a turbine engine 22 having
a downstream turbi ne exhaust case (TEC) 24. A duct extension 26 extends
fromthe TEC 24 to join with a housing 30 of an augnentor 32. A thrust
vectoring nozzle assenbly 34 extends downstream fromthe housing 30. The
augnentor 32 includes a centerbody 38 centrally nmounted within the gas

fl owpat h by nmeans of vanes 40 having trailing edge flanehol ders 42.

[ 0019] The centerbody 38 is generally symetric around the axis 500. The
centerbody has a forward tip 50 from which a continuously curving convex
forebody or ogive 52 extends rearward until reaching a |ongitudinal or
nearly longitudinal transition region 54 adjacent the flanehol ders 40.
Aft of the transition region, the centerbody surface defines a pil ot
channel 56. A tailcone surface 58 extends aft fromthe pilot to an aft
extremty of the centerbody. [0020] FIG 2 shows further details of an
exenplary pilot. An annular channel is formed by a frustoconical surface
60 extending rearward and radially inward froma junction with the
surface 54. The surface 60 forns the fore (upstream) wall of an annul ar
channel, with the junction formng the fore rim A |longitudinal surface
62 extends aft froma junction with the



I nboard extremty of the surface 60 and forns a base of the channel. A
frustoconical aft wall surface 64 extends rearward and radially outward
froma junction with the surface 62 and fornms an aft wall of the channel.

A longitudinal rimsurface 66@1& hmﬁ(ﬁlj unction wth the
surface 64 that defines a channe %?)I’I m surface 66 provides a
transitijosn8jo th&IGt Bshovanepevirplane2(bifaviry 4 edntrdDloafitddied] akis 39Ol Fiopd fde t 0

the pilot vyi a nozzle 72 in an appropriate. conduit. An exenpl ary condui t
i s showdo afl apd ¥pstEsppHie dPONTBEAm drangiiward directione Qo thy Roerplatdncludesihe

Shown)  Serneepity BPERE AR TSR AR Qe HIEET T R uplagBinihc.
L i e O bt e i Ao,
1? ?om a ;ﬂ"F EPEFSF“"\({)h%‘F Fyterds cﬂ%%@?ea’ff% beh ?%516% §¢ Jgte aiugmie%‘tof 31@!&&‘@‘!&?6 the
pi | ot i gn? 3 ATAS tQJ‘witﬁ 'tﬂgggﬁi‘o@ 013\91?154‘46 ﬁ:fURT;?OW 602

associ ate ter 84. "Fue e princi pa
vi a t he teyplirepydatpe ﬂaatchohlbrsmazzl es not ed above. The corrbusted/conbustl ng

fuel/air ture_in the flow 600 p ates.aroun the chann

Stabi 11 800G br abA semertorg s % sabadlhy OV k&t e Ht BB oo

82. Optia0alfbdvard tiPS0TRIM %&%@eéﬁﬁﬁu&ﬁlﬂnﬂ%hgeénothfbreﬁe&fsﬁéglwﬁziwttﬁs( not
shown) for ejecting air jets. There a ring of such conduits. The

condui t sreaxwrdamtdupqwhngca Ibngimdmaé oonearb'rlengmdptai/trmsct@fndugtog 5(4rﬂ§lnacsntcthn)

di h h f th
o or ! IoapetpREes AR P Uk SR of s et Bt SaRBRY 93185 sfloritd®ng ) o
extends g Qnﬂaﬁcoﬂérsﬁﬁbé@iifi bHEfds ABFIm SiRdilbP th ATdfextimityPofahél baitétbody.

(downstregeri end 102 FIGfuI%’ The nozzle has an inlet 104 at the
upst r earif and F3§. 2 showes furiher qataiis of ap exemplaey pilostAn agmdar changed issforaody

110, ot qqdseRheeh Lk BY elucaBle Okl ARGty AyakeRBAC hARR Witk B

portion rom he ups amen
pr ogr es ssuvfate/S4 rmlelseffac:ﬂ tﬂhfbhﬁs thelforeqapstieam) Wbdl, of hib anmnalr chik8nelWvith thest al

(downst r.ean) d of the finaVsmallest bore with a . .proxinal
(upst redH’}CtEWén ogring (i re High A RGN Stiees 5}%56%?9%1%]5 it g e

outlet Lf@fsard Qﬁtréﬁ% ofith s{?ﬁ&e%opﬁaﬂrfoﬁxfls Q@d@@%@iﬂe&hﬁx‘nﬁ A frustoconical aft wall
transversel y-extendi ng distal and proximl walls 122 and 124 joined at

their si smlefaceb@ t)@ttemisabamlrd mdllzélalalm dutiaed {EMG jusjtionmish tlw;aﬂur%cq_@a@md 124
o 28 o0 5 B DR bl ALk B3R B ANARAES o
rel ativekih ﬂi’é&blui‘iﬁ&\é 64 that defines a channel aft rim. The surface 66 prowdes a transition to the
tailcone surface 58. A jet 70 of fuel is delivered to the pilot via nozzle 72 in an appropriate
conduit. An exemplary conduit is shown as a spraybar 80 mounted within a vane body 82
ahead of the flameholder 42. The spraybar 80 has a plurality of lateral nozzles (not shown)
delivering jets of fuel from the two sides of the body 82. The nozzle 72 is positioned at the
end of the spraybar. In operation, the pilot channel serves to divert the generally recirculating
pilot flow 600 from a principal (main) flow 602. The jet 70 of fuel is introduced to the pilot
flow 600 and combustion is induced by electric spark from an associated igniter 84. Fuel is
also delivered to the principal flow 602 via the spraybar lateral nozzles noted above. The
combusted/combusting fuel/air mixture in the flow 600 propagates around the pilot channel
56 stabilize and propagate flame radially outward to the flameholder bodies 82. Optionally,
the centerbody may be provided with several conduits (not shown) for ejecting atr jets. There

may be a ring of such conduits. The conduits may be supplied from one or more supply



(e.g., between about 0 and 5, whereas O 2 is substantially greater (e.qg.,
bet ween about 55 and 95 (nore narrowy 60 and 80 with an exenpl ary
nomnal 75 + 2). The slot 120 opens on a circunferential surface 130 of

t he di st r ' radj (El 6) . LN
exermpl ar SR bt EliEndRe Bludrs deh ik 3ahdiRo e deh Bt apedtef e
appr oxi miloel y coincident wth the center 132 of the opening of the distal

bore 118 to the sl ot 120, FI 3 further shows the nozzle as having a

fuel pad®¥%d for HiGSed=shpw fgﬁh‘?*’d’ﬁtf’é‘ﬁ of theinozrlg 73. Bhespezzlegxtendg fom a
f : d
Then ar it Ema! (Sps@¥EhPtid FRARRSOD & A8 tdR MR E\E B2 (IR, 28s B2

oper at i drs ah lirdetdina theaystrean iend afidial owtldt 11 06 FIGH &) atithé distabend: AL18 i npact s
t he surface 122 d fans .outward, . constrained by the walls 126 and 128.

Thi s defiererspy [ 1 exeals betyeenihs tynd puyetapg h%/w ggppefengitndimat gortion nay
al so hel ' ton) | . : . Waen
conpar edpq \t/\)lt"(ill ta E'ggﬁgl?lgﬁ g]?sr&fe ?rgvsn}jg?@g{%@t%%gdé %Q?%%]Bgﬁtg rcﬂ{vg? Sﬁ%&%‘latgtgm%%a ng a
cyl i ndr itosé¢s Ml I 1 4pdbraedhl 8.HBreabstal (Hbrenjteanij@nd sf therfmaBpnabdt bart, 118t | east

in the directi f di ts of, the slot.. The film ffegt of th
ot | cot iTBFTeRy R 8o mal G5 St At 4 ;b fvhstshin it 6 Wb b s
si ze. Rahdlbitldtd0bOTH Fot 20 HaBG ﬂaﬁtof'gtﬁnémmtwwwseg-eﬁ&miﬁé Hisffadp0 and

approxi mate inboard and outboard extrenmes 152 and 153. The Tenterline 150
is at a pevjmatwalls dAgked 024joimsidat thee sidestbiydatbahyialiutlhard 1258 (éG db)dThect i on
602. The r.Qy-eCtL.i I s _associated with the centerlin bei oriented
ot gt 1R 12 A RERE 0 it Mol B oL ifis s a8 o

rel ati velit@géntratgh ahgle 9,86 tachiothdr! ke thé exdmipliTensiodiberit @, IsabRtidtly sRilowees

154 and 155 of the jet fanning out at an angle O s which nmay be slightly
nor e t hdf-20 between abguidandyp ai“g'eieﬁﬁ)ﬂ e ieibstantially greater (8- gabistvasen ko 5559 Apd

T e i
refl ect awrenderpaalsudics Hadfithedistal posionss teimzeld having acediua RYIFEG.06)i Int han
O S e B e ko e AT AR 9e o
sel ect edediftiddn® Wil tht BEAOSLIrAt RdingfiiRNdisthl Bote 218 i@ RA0E ABI3
di mensions of the pilot so as to provide reliable augnentor lighting. It
i s desi riagher S:h@“@rtgﬁ/nmleem hapimeadnelaad 140 dor laterd igbctwintdfifvelt nea asicot f 1 ow
228 fi Egrllr?lg@gli §f Irr%%q{é%a‘lcfe%l?% (ﬂ};e ncgv@irzﬁl sfhlﬂlg'\é o;’ e %L))z/zel\g m@a?%ie 8t %HI] Mecgoer'\gs;[ théhy grrfﬁflch y
and the slot machined such as via an end mill.
[0022] In operation, the downstream-moving fuel exiting the distal bore 118 impacts
the surface 122 and fans outward, constrained by the walls 126 and 128. This deflection
creates a relatively flat fan spray. The surface 124 may also help define the fan but is not as
important as the surface 122. When compared with a similar flow jet emitted from a circular
outlet having a cylindrical wall upstream thereof, the jet 70 is more spread out, at least in the
direction of divergents of the slot. The filming effect of the deflection by the surface 122
contributes to further reduced droplet size. Returning to FIG. 2, the jet is shown having a
centerline 150 and approximate inboard and outboard extremes 152 and 153. The centerline
150 is at a projected angle 8 ; relative to the longitudinal aftward direction 602. The
projection is associated with the centerline 150 being oriented slightly skew to the engine axis
and having a projected angle 8 4 relative to a radial direction. FIG. 8 further shows the lateral

extremes 154 and 155 of the jet fanning out at an angle 6 5 which may be slightly more than

0 2. In an exemplary implementation, € 3 is approximately 40° (more broadly 30°-50°) and 0 4
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proximty to the operative (e.g., inboard) end 160 of the igniter 84. This
operative end protrudes froma longitudinally oriented inboard aft
surface 162 of the vane spaced aft of the nozzle outlet and along with

t he nozz| .4 hr ough r re.aper (e.4Q. onmmon . aperture 164) in
such surt g%: e .mcE? g{%ﬁg{"%@ﬁ dé@&f"?%ﬁ%ﬁ@& ’ ﬁﬂe%Bglﬁis% _ q"ﬁﬁ‘f"aﬁ“ﬁ%’fi ﬂ_Wir d

t hr ough outHeaitl @RiddNS0 ahd 13hwilrRdlett Mo Réperién refutive t6 /L 8&bEdteld BuMa@W Of

| ocal tangential velocity conponents of the air flow ng over the vanes so

as to irfngletd fthan dees the angle Ositethegelatively layaertfer Ancixempiare Pens inthe yicinity t he
exenpl ary-githgdi ment, the jet centerline 150 is directed toward a
m dportion of the surface 62 (e.g., in the central 50%thereof). This is

i n di stijog23]on t AdvastaggusBi tharslot CbiifigtrionCy kélodled BidieR W iRl sosRionemied at
much shal | ower anﬁllees so as to be directed aft of such a surface. This
r edi r ectorigatatiae pf fhegrogzle gpd dinegnsioas pf thgipaler emassp pravade redinble augmentpr ow 600.

Thi s i S b R RUARE RIS DS TR GpARLUAS AR RS APRRGhE ©

anount s in proxim operative W'th the

cent er | iRudiableQgationnf this fiel mvolyes hasndgnffifiasit diantitaay finemdss $0afophidin
100241 One .or. nore enbodi nents of the gresent .invention have_ been
descri bd¥oximiyje theprezative (¢ fiboprdy snd hobpkthe dgnitendt. This pRAsativesads i cat i ons

may be | Ry . If f ' i on.
For oxatny Lt FOE IRRRALhAMori o QbR 3 shifherhft AP S phchl R
st r ai ghtnozzle setittiapd alatgheith thembiz)e tlebuginenesarahora apertiree@. dror conhinéoe

nfiguration e possihle._ln h cur.ved. configuratiqns, .identjfied
angl oo CBEAEGAL TGN Syriacs) Flamghalder soolite iz gy algmass BRADSHVEALSRER he
sur f acesucifhpr@ug). rhe aﬁ%llé YSOIFIER Rlselected in FRWBTREEA] CangbRIA vEILSity

centerline, symetric outlets (e:g., outlets producing a conical jet of
rel ati veiompaneis phidle airdlpveing beer(the yanes 8o asipOnsset fugheneeitiwr sidojof thedgniter 0) |

- al . ' t ' | ' . L t i | ot
mmy be. ugrRefy’ BBk iR dlodhen oY 5 BEMETine JF i IS et ne.
| n such midpesion\vAtheodisfaps 6D 4. @IhOEentiab 5 thdreo®Uls R6n diskihétitgneare by t he

structure, of the existing %S]gl ne. While illustrated with resgect to an

exenpl aryioF afrsreulat extidies] aflets sriefad at meclpshallewst anglerdy aséo Apdirecied 4h

oISy AL o s o GO RSPt LI,

engi ne cdnpsifadihipted because the more defuse spray places appropriate amounts of fuel in
proximity to the igniter operative end 16{ with the centerline 150 at an orientation facing
farther away from such end.
[0024] One or more embodiments of the present invention have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. For example, although the illustrated outlet
surfaces are shown as straight in section, other configurations such as curved horn-like
configurations are possible. In such curved configurations, identified angles could refer to
local angles or average angles of portions of the surfaces. Although the illustrated slot is
asymmetric about its centerline, symmetric outlets (e.g., outlets producing a conical jet of
relatively high included angle (e.g., 80°-120° or, more narrowly, 90°-110°), are also possible
to provide alternate divergence. The inventive pilot may be applied in a retrofit or redesign of
an otherwise existing engine. In such cases, various properties of the pilot would be
influenced by the structure of the existing engine. While illustrated with respect to an

exemplary remote augmentor situation, the principles may be applied to non-remote

augmentors. Accordingly, other embodiments are within the scope of the following claims.
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a centerbody wthin a gas flowath fromupstreamto downstream and havi ng
a downstreamtailcone and a pilot proximate an upstream end of the
tailcone; and a plurality of vanes positioned in the gas fl owath outboard
of the centerbody, a plurality of fugj siicectors at inboard ends of

associ ated spray bars extendi ng throug associ at ed ones of the vanes,
each i njWhitos claaweduy: an inlet; an outlet; and a passageway between the
inlet and out]et,. the passageway having a first portion directing fuel to
i mpact 'trar%%"@éle?g‘é‘if’%‘ﬁa’flﬁﬁ,g: downst ream di vergent surface portion and

be defl ect ed JQnftbdly SWitid aaPAbKHAR fofh BdhBB AU L Mg 4 NI SCL O

and a plurality of 1 gniters positfioned wthin associate he vanes
to i gni tdewsstrehni taellconalargichpital pdoximate anapeueai ext ofthe taifcohdj@anfuel

injectors. 2. The.engine of claim 1 wherein the passage has a second
do{/vnst ream di“\iialr}“ﬁgm lrs %&10&63}1? B 2P, PWBatgr?&R?ﬁﬁﬁ‘gf&ﬂg%‘a}‘?rb?ﬁi)bm t he
downst ream divaiQaR! oﬁﬂélfiﬂjélgtoﬁoﬁttih%r@&ﬂh%tf assobia fFayHard B3ehd

% -
thereto. 3. The endine of claim 1l wherein the pi | ot bcgnprl ses agcﬁa&:lﬁﬁlell
havi ng upsicrateshoren of theowenes, eedninjectos havidga base. 4. The engine of claim 3

wherein each injector,is oriented so that a centerline of a jet of fuel

di scharged from SL?@Hn]e%‘ij ector is directed toward the base of the channel.
5. The engine of cnajuile anlier ei n the downstream di vergent surface portion
is an inboard surface of a transversely-extending slot. 6. The engine of
cl ai m 5 wherei n t Hepassagewnn betavepr the mlet ngd arlst, thapdssagswaprhavingsa farst | at er al

extremes of t i u(?lgt{cgiﬁgtfueﬁ% In?ﬁa%t p 8‘%{%Jgrgrtlre]@gegx]teglid}/ngng%\Pgs'tﬁéér:na(gvgrrg]%lfte of

55-95. 7. A gas i 'ne°engl née ;augne C oxi mal

inlet for comrngate portibo ardbadeglrid®y shidedurfacashition to Be discHagdedditm Silichf or
expel ling a spray of fuel; and a passageway extending from upstreamto
downst r eam bdWREWR ade inl et and outlet, the passageway being bounded by

outlet end suffiaREnPOrihids podifiGledififin h&b&hRL RES b BB Sanes to ignite said fuel

discharged from associated ones of the fuel injectors.

2. The engine of claim 1 wherein the passageway has a second downstream divergent
surface portion facing and spaced apart from the downstream divergent surface portion and at

an angle of less than 5° thereto.

3. The engine of claim 1 wherein the pilot comprises a channel having upstream and

downstream rims and a base.

4, The engine of claim 3 wherein each injector is oriented so that a centerline of a jet of

fuel discharged from such injector is directed toward the base of the channel.

5. The engine of claim 1 wherein the downstream divergent surface portion is an inboard

surface of a transversely-extending slot.

6. The engine of claim 5 wherein the slot has a pair of lateral surface portions at lateral

extremes of the divergent surface portion and diverging at an angle of 55°-95°.

7. A gas turbine engine augmentor nozzle comprising:
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di vergi ng dowmnstream 8. The nozzle of claim7 wherein the |ateral
portions diverge downstream at an angle of 55-95. 9. The nozzle of claim
7 wherein the lateral portions diverge dowstreamat an angle of 60-$0.
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spray of fuel4 digfaHo@lddFsrSexpeNiay a@ptastifng; fudom upstream to downstream
between the inlet and outlet, "the passageway bei ng bounded by outlet end
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t r ansverdicergingfdeoespednhi ons extendi ng between the lateral surface portions
and diverging fromeach other at an angle of 0-5 12. A nethod for
remanufacturing a turbine engi ne augnentor having a vane and a

bady. Csing: ing.a first fuel L e, and
el aci .t nel T Wit e ert o RIS R hocd s A Shor B S Bt e

nozzl e 5s6mfsPgured to direct a centerline of a fuel jet in a nore radial
orientation than a jet of the first fuel nozzle and configured so that
the jet of said second fuel nozzle is nore diffuse in at |east one

directi th ' . ' i T I I t aim
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10. A gas turbine engine augmentor nozzle comprising:
a proximal inlet for connection to an augmentor fuel conduit;
a distal outlet for expelling a spray of fuel; and
a passageway extending from upstream to downstream between the inlet and outlet,

the passageway being bounded by outlet end surface portions defining a laterally elongate

slot.

11.  The nozzle of claim 10 wherein said outlet end surface portions include:
lateral surface portions diverging from each other at an angle of 55°-95°; and
transverse surface portions extending between the lateral surface portions and

diverging from each other at an angle of 0°-5°.

12. A method for remanufacturing a turbine engine augmentor having a vane and a
centerbody, the method comprising:

removing a first fuel nozzle; and

replacing the first fuel nozzle with a second fuel nozzle, the second fuel nozzle
configured to direct a centerline of a fuel jet in a more radial orientation than a jet of the first
fuel nozzle and configured so that the jet of said second fuel nozzle is more diffuse in at least

one direction than the jet of said first fuel nozzle.

13. The method of claim 12 wherein the second fuel nozzle is configured so that the jet of

said second fuel nozzle is asymmetric.





