SW RLER BACKGROUND OF THE | NVENTI ON [0001] The invention relates to fuel
nozzl es for conmbustors for gas turbine engines. More particularly, the
invention relates to the configuration of the vanes of a swirler. [0002] As
is well known in the gas turbine engine technology it is desirable to
operate the conbustor at a conbina%hg hi gh efficiency, good |ean

bl owout characteristics, good altit i ght characteristics, |ow snoke
and ot her pollutant output, long life, and | ow cost. Scientists and

engi neers have been experinenting with the designs of the fuel nozzles for
nmany years in attenpts to]%ﬁQKﬁﬁgéuNﬁHDEﬂ}ﬂ%EfW TI9Ne conbustor. [0003]
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downst r ealtitfdk oslight clerddtaistics, Whw emokayndethar pediatantvatpdi, l@etlifeandflow leest.

engi ne) . _[.0004] verthel ess, there.rennins roomfor inprovenents in swirler
constr ucﬁ?lstﬁ!st@aﬁfmwew by EDSeRVERAFITERE IS 0 E) tﬁeﬁ‘@g@p@gﬁe ST be@iss ddont | on

i nvol ves 1 r - i r s and means hol ding the
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t her ebet [0888] and).8. ByaNwi 5e06cberimadiecthe 137 pfa@dfbhe discloganre ofighich is

i npl ement ati ons, a spaci ng between adjacent ones of the,yanes maybe
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a chord of the first end. The spanw se changihg section may conprise a
spanwi sedisimbotiamitidhé inpecden girtig. ThxhaxediplaFp diswdnesn placebtheaint erard glokar med
with the neans. The vane first.ends be roxj mal th ans and the
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spanwi se changi ng section may be essentially synmetric across a chord (e.g.,
t o not pwbichamay be a rearward direction of the engine).

[0004] Nevertheless, there remains room for improvements in swirler construction.

SUMMARY OF THE INVENTION
[0005] One aspect of the invention involves a swirler vane pack having an array of vanes
and means holding the vanes. Each of the vanes may have first and second ends with a span
therebetween and a spanwise changing section.
[0006] In various implementations, a spacing between adjacent ones of the vanes may be
essentially spanwise constant. The spanwise changing section may comprise a spanwisc
changing chord. The second end may have a chord that is 25%-75% of a chord of the first
end. The spanwise changing section may comprise a spanwise monotonically changing
chord. The vanes may be unitarily formed with the means. The vane first ends may be
proximal of the means and the vane second ends may be distal of the means. The spanwise
changing section may comprise a spanwise monotonically distally decreasing chord. The
spanwise changing section may be essentially symmetric across a chord (e.g., to not provide
airfoil lift). The spanwise changing section may be characterized by first and second flat
facets along a major portion of a chordwise length of the vanes. Each of the vanes may be

untwisted.




airfoil lift). The spanwi se changi ng secti on maybe characterized by first

and second flat facets along a major portion of a chordwi se |ength of the
vanes. Each of the vanes may be untw sted. 1 [0007] Another aspect of the
i nvention involves a nethod for engineering the vane pack. A target change
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the first” passageway, each vane extending froma first end proXimte the
first paswtgewnby fifst paisagawaydoen apirdetde ao axiabowileprio piafdmer isiteaxialrgith the

passage . second. surface and.having a sectjon.characterized by a spanw se
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I mpl enentations, the first and second passageway inlets may be

ci r cunf eAdirst asrayiof venes is iPHbe Sipd assegevawceash yang extentbngiframna st afdf ective to

provide, at.a.target. operati condition, a.dischar rofi]e characterized
by s r1 PR BE5G neSthE Gy i R 108 SesaP S oS e st PR

radi us; sREn@suEnict hn@hakies #kedbich WBRActdBzcaNy akpadiisa db&sakii® BhorB OF WERAkt 95%
and 100% of the exit radius. The spanwi se decrease in chord may be effective

to provi 35 feom spid frgend tpwidsdacand evhdi tecend armydif yenesrig e e sedond
char act erisged 1231 a swrl angle of. a peak value |ocated between 15% and 25%
of an exPt*1Ed™Us; and a swirl angle of between 18 and 21 at a l|ocation

bet ween [H%RNd [ OQjofimphendxitions,abé fifst arh@cpRBfasvaleway ey beiyibe excess of
85. [0010] Anot her aspect of the invention involves a high shear design fuel
i nj ect or cif@mfgrential inlets. The spanwise decrease in chord may be effective fo provide, at a target

operating condition, a discharge profile characterized by swirl angle of: a peak value located

between 0% and 25% of an exit radius; and a swirl angle of between 15° and 25° at a location

between 95% and 100% of the exit radius. The spanwise decrease in chord may be effective

to provide, at a target operating condition, a discharge profile characterized by a swirl angle

of: a peak value located between 15% and 25% of an exit radius; and a swirl angle of

between 18° and 21° at a location between 95% and 100% of the exit radius. The peak value

may be in excess of 85°.

[0010]  Another aspect of the invention involves a high shear design fuel injector for a

combustor of a gas turbine engine. A fuel nozzle is supported at an inlet of the combustor. A

first radial inlet swirler is mounted on the fuel nozzle and includes a first passage for flowing

air into the combustor and is coaxially disposed relative to the fuel nozzle. A second radial

inlet swirler is mounted adjacent to the first radial swirler and includes a second passage for

flowing additional air into the combustor and is concentrically disposed relative to the first

passage. The first radial inlet swirler has circumferentially disposed vanes. Each of the vanes

has a span between first and second ends and has a spanwise change in section effective to

change the swirl angle from the first end to the second end to offset the swirl to a higher level

than the swirl would be without the change in section so as to produce a Rankine vortex.
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conmbustor of a gas turbine engine. A fuel nozzle is supported at an inlet of
the conbustor. A first radial inlet swirler is nounted on the fuel nozzle
and includes a first passage for flowwng air into the conbustor and is

coaxially disposed relative to the fuel nozzl e A second radial inlet
swirler unt.ed adj acent t the fir.st rl.er andln desa
setond ol o aE ol nd bR, s hiiSli e Btk £Etofipe; &

concent r igzahd paseigsROSEsE 1heh@ﬁtsvpasts@get MR fthb @it of RS BRirstiSsdge ﬁn?ely breadl al
inlet swirler has circunferentially di sposed vanes. Each of the vanes has a

span bet fwbsintialiysaquaki S9%cBnd of serstotahair Hew i thpRrshpassagamdgecand peewes-on
ffect d t
of foet + ROl FRARGR draG @ dieon 0 LB HOMN discabe hy BOSub Rty pEGRAY, Bnd O

change |610°smdt7156.n SO as to produce a Rankine vortex. 2 [0011] In vari ous

i npl enentations, a majority of the air in the first passage and the second
passage maybe in the first passage. The anobunt of air in the first passage
maybe s Nt ikl détaRURbnd & RO ARG critd\0r thOtkn@i ark Qo il i 11 st
passage gfé Eeconh pgssa en Kﬁgrul Efb Hﬁﬁn Pe r%%mg‘? raratS a0 ?écﬁar ge of the
second passmgenyinydiaeigsant dnt deatiptiondtelue rOthﬁ{feamrbs J[&hjedtf) 0n@ hdvEnegdesfai | s
of one or nore enbodj nents of th |nvent|o re set forth in the
acconpan{ieAY AHSRFHG BC ARRFTEH EogL e dFisTiPERP o i ingsnand ﬁ@att%ﬁ@@m obj ect s,
and advantages of the invention wll be apparent fromthe description and
drawi ngs, and fromthe clains. BRI EF DESCRI PTI ON OF THE DRAW NGS [0013]
FIG 1 is a |ongitudi nalBREGIDBSEGRIRAITON OF TAIEBWRAWINGB0014] FIG 2 is an

d f th | f FIG 1. 0015] FIG 3 i
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FIG 5 is aleading edge view of a vane of , taken along |line 5-5.
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[0017] FIG. 5 is a leading edge view of a vane of FIG. 3, taken along line 5-5.

[0018] Like reference numbers and designations in the various drawings indicate like

clements.




22. The nozzle has a distal end outlet 24 discharging a fuel spray 26 into
an i nner duct or passageway 28 of the swirler. The swirler and injector
nozzl e share a central longitudinal axis 500. The fore end of the swrler
is formed by a bearing 30 having a cylindrical interior surface 32 that

cl osely accommpdates the injector nozzle allow ng relative |ongitudinal
novenent of the nozzle and swipmkEeAlLBH®OEXSYPTAENN bearing has generally aft
and fore surfaces 34, 36, 38 and 40, 42. The aft and fore surfaces extend
bet ween K04 9} curkiler &ahaved 2 cqrabinaianest arswitlenpasscady 29 and d fuel dnjesipt miwlecal

acal |y 2 eas oot ol S ERER o R st SRR T Gbren e B RECgor ot o1

rim surf g@eagtday 28 08 Meashifel ThOBwIRr hidigdctdr @BEA16 shidre b QMM dritn&iAk] axis
l'ongi tudinal, and an inboard radial rimportion 38 extending to the

cyl i ndri 84) Thadereicad of thefsarer igfornted by pdeering 44 la%felgwaeylmdﬂa itaferigr ext endi ng
t board t end
Lo the cytrics s D oRg bbb Mg H BB PRPE el OO P’ e

a prefi |ﬂBKrerﬁ&1ﬂ¢£Vhd’lg)zlEmﬁdaMﬂerafﬁe @Rthpldy Befinplhas gendddly ditandoreaand 58, 60.
The aft surface includes a radially-extending outboard portion 52 extending

i nward f FBRCEs HePPntt @ 4% i Th ﬁfa%@ fore sugfapesitiend dichragan2 dsHeugental cur ved,
dl ¥
rearwar B i a%%}ﬁ'{%ﬁgce 44 dﬁﬂsth% h)gﬂldpigﬁlt #ll%ﬂ%e Cfac@ﬁ'f‘ Iﬁ@hcﬁ){)eﬁ{_dle{&gor tion 56

ext endin y I'nwar en ur ved “por fore
surface embodinhest, thesifiequpfade hasdi 1allially-exteadidp bgtboutdyeatich pbezttbmhn§ﬂ1mxd endi ng
inward from _the. rimg2 and a_ | ongi télddl nal Ir% convex|y cur rearwardly

conver gi ﬁgm the BETENEtERMEYHATOHE BEUNEL PSRN Wéﬂl@fl@@ﬁh@rsiyrméo ME3h 56. The
bearing afbirgHhd 36 ﬁﬂﬂb&ﬁ&h{d m b&ion 3¢k gﬁlg\%p%&ﬁk%gan&a@ﬂﬂ cﬁtsﬁrfac%

define t e I nner” passageway 2 and an | nner exten radi ally
i nward f Bhrﬂilmrfonemhﬂ’ace&éhsarrddlal]ly extagdiag butboard portitnl 4 arfita marvtdnﬁyhnmrdlyr face

56. Air enter.in the nIet 64 es Wth the f n a downstream
central ?‘?‘Fﬁ)ﬁ’PrB‘Pn g% 85 to @S§¥g‘]&ﬁ“ﬁ&mﬁ’@°f8’r égp%l?qcé regewag 8%‘3&%? e from
the outl ﬁé g &ﬁ%%%efﬂ) IQM geﬂ&%ﬁﬁaﬁ‘ﬁﬁdi‘&g siyFade@5 7B BELUESE dohenpLef i | mer

af t surface fore ace 14, ivergent ‘rimsurface /8 of an
out er vvakdrfeﬁé)mc]ihies am&cballwadtbncﬁlﬁg dna;boamh paIftIIDn 58 exfendmg8@waiddrori heeoncer wal |
aft and for % S have%iadi al ortlogs 82 and 74 extendi n% i nward from
2 ci r cunfiBr AR drstiglinglly songay ly SupEt Teqraiayaly comeErging ffaRgitiog poriion

o el ot St A 8 T g 11

t he pr ef fdrereurfaendhodudee n stapbéd mdtadiy—ep(tendmgbutboard portion 52 extending inward from
the rim 62 and a longitudinally convexly curved, rearwardly converging, transition portion 60
extending therefrom to the rim 56. The bearing aft surface and prefilmer fore surface
generally cooperate to define the inner passageway 28 and an inner flowpath 502 extending
radially inward from an inlet 64 and curving aft to an outlet 66 at the rim surface 56. Air 70
entering the inlet 64 mixes with the fuel 26 in a downstream central portion of the inner
passageway 28 to be expelled as a mixture from the outlet 66.
[0020] An outer passageway 72 is formed between the prefilmer aft surface and the fore
surface 74, 76 and divergent rim surface 78 of an outer wall 80. The outer wall 80 has an aft
surface 82, 84. The outer wall aft and fore surfaces have radial portions 82 and 74 extending
inward from a circumferential outer rim 86 and respectively transitioning to longitudinally
concave and convex portions 84 and 76 meeting at the aft rim 78. The second passageway
defines a flowpath 504 from an inlet 90 between the prefilmer and outer wall outer rims 62
and 86 to an outlet 92 at the junction of the outer wall aft surface 84 and rim surface 78. In
the exemplary embodiment, the inner passageway outlet is recessed slightly behind the

second passageway outlet so that the two passageways begin to merge at that point.
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and 86 to an outlet 92 at the junction of the outer wall aft surface 84 and
rimsurface 78. In the exenplary enbodi nent, the inner passageway outlet is
recessed slightly behind the second passageway outlet so that the two
passageways begin to nerge at that point. 4 [00211 Inlet portions of the

B 2 BESRRR AR Ll oA B TR oL o e

of vanes 0 as OW g her et hr ough.
Cener al  cipsirefticatial rbty el aned BECHdOER sbhs thenRsikwietie e aitiewigs t he' 937
pat ent di scl oses achieving a desired swirl profile by an_appr o&rpi ately

S

di st ri buthethirgrah General, opfERiomanRP Brdsesribied an tsndi7apitens eWhrteas e 7exenpl ary
enbodi ne ' ' ' L On Wi b B twkst. In

t he exe t%‘?g‘;l ﬁyé%%%ﬁ%e%ﬁ%%ﬁ%g‘?lﬂlrr%llaF%@o@%@hf(&%ﬂ@%&g&n&?@gﬁﬁ\gr and a
vane packanesnbhwiog othetwiee vaneat d@fion, Ahdasenpbhoy embondihibht afhitvee thiahe viagins

rides in a rebate in the main piece and has exposed perineter. and aft
sur f acesPlpgsirelen W&Fgwt speh Hriay Bb@‘FF?‘@H%‘%’W@W“B@% ﬁéanwséwaiegwlf%e 34.

[00221 FH,Gy %c%m&m x/%ﬁ&npacmﬁau&m lt@éva%é %tﬁi#e@agpgwﬁmdﬁﬁ%@&néggcﬁ railing

edges 110 nd 112 from a proxi end at t orm 104 to a distal end
114. Theridosenplelrae nghemaithpivee dridrist exprded porondesimdefeanrfascassetvand 118

havi ng jor flat portions. convergin radially inward at an angle 01.
Exenpl a?@“@?&%“‘ﬁg %&W%?r 4%ﬂcfggfa‘fe re narrowy, 0.5 and 2'. In the
exenpl ar pyoefpOdiFIEM shdwieabh §ade ﬁ]@rd(s%?{f%na%g b@fwé&ﬁ@ea\dﬂ{%ﬁ'dﬁra@lﬁ?gé&éeﬁﬁf@l el

to the adjacent second surface It 8 of the next vane. maj or | engt hs of
t hese sumfdalde@sfrotheipnexisial eidgithe @atieot 0dotorat distal end tlHeThpexompla® vanes

t her ebet wee 'Ih have nearly c ta tl jdt.h. Fl 2 f.urther shows a |line
Cor Forabedinland sPnd SN E3hrloes IR Rl | L hink ey ot MaliPhs 9 Rough one. of
the s pacg.aian% awAd aagh Aglé BN @xéﬂn?ﬁﬁj 6 .udhyed béraedpd. sPh@NS) nRPéniddwelysect s the

l'ine/ pl ane 502 at a center 506 of t'he space 119 and is at an angle 02
t her et 0. 0.K0 ARG 2T dn e exemplafy ersbodimentothefivstrsurfesd 16 ofPue rphaisyeady paglidle

vane s LAERaG soolRE FuEREADE Y me i P08 AR iR St Rene BREHT °

di stal epgnddifighta mdRr p¥ATHRAl Tile HALOTI IMBBebetden GIOhSYd RAEY Bortemt widiR,
proximal end is shown as SIROOT and the chord length at the distal end is

shown asFI&i- B fgrthgrishows pding ker longitndinahplape)do2ratending svbsteillyimadillyend shown

as H.Fl grou5ghfolf'1re to? file S]SJQC%\évsl 18" ?ﬁ((ﬁmfn% r(%ngitudinal radial plane) 504 intersects the
line/plane 502 at a center 506 of the space 119 and is at an angle 8, thereto. Non-zero 6, is
effective to impart swirl. Exemplary 8, may be between 5° and 45°, more narrowly, 15° and
30°.
[0023]  FIG. 4 shows the vane as tapering in chord length from its proximal end 120
toward its distal end 114. In the exemplary embodiment, the chord length near the proximal
end is shown as S rpor and the chord length at the distal end is shown as S;tp with a height
from the proximal end to the distal end shown as H. FIG. 5 further shows an exemplary
blending or filleting 122 along the vane sides. If such filleting is present along the leading
and trailing edge portions, it may affect actual chord length. FIG. 4 further shows the
exemplary trailing edge 112 as extending longitudinally. The leading edge 110 is inclined to
provide the taper. In the exemplary embodiment, the leading edge (or a major portion thereof)
is inclined at an angle 03 off vertical as measured in the section of FIG. 4. In the exemplary
embodiments, Sip is < 75% of SirooT and > 25%. Exemplary 8; may be between 10° and
40°, more narrowly, 15° and 30°. FIG. 3 shows a line (longitudinal plane) 510 extending
through the space 119 from the intersection of the flat trailing edge 112 and the adjacent vane

second side surface 118 of one adjacent vane and intersecting along the first side 116 of the
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bl ending or filtering 122 along the vane sides. If such filleting is present
along the leading and trailing edge portions, it may affect actual chord
length. FIG 4 further shows the exenplary trailing edge 112 as extendi ng

| ongi tudinally. The | eading edge 110 is inclined to provide the taper. In

the exenphar éﬁ%ﬁgﬁgﬁgﬁgg’[b #ﬁl@uér‘éﬂ‘&iz{gli&éjgﬁ éﬂém%lﬁérﬁ?l ROkd Ay éi&‘ef reof) is

inclined at a 0 erfical as neasure e section of FIG 4.
hi the esefipt &t§fromnhetegimmitg of Gk TlaPposion thebddr@hd Hit&CEIingnhe sec@daidExenpl ary

03 maybe pet 10' and 400, wy, 15 and 3 0'. FIG 3 sh
[ ne (1 ohth R0 Rest vprtablegistd et EdlieresD). Fif cLERnEROSsdcimtargine i he

i nt er secy ?gt)){i‘tfnaf:éiﬁ. I\ s%f;aratg&i 1éh)aReRech tRe Hi:ilﬂltnl‘éﬂt% APROEE kechal fine §lezond

side surfa 18 of one adj acent” vane and ersecting along t rst
si de 1165cfwilhpogrestihady vadjadmerthe spanef thel @ne Thasefeeatighewlsoven hd Srewitli 2

extending nornmal to,that first side e 116 fyom.t he heginning of the
flat por%eﬁﬁicgﬁ’a@}éﬁ&mﬁﬁ’&d %H‘P@F shown. ﬁbé%é’%g%%‘ﬁﬁ’sgéﬁémeﬂlgabgtpﬁépag?rst vane
(at the gicfighe @bidddstonereof). FIG 3 further shows a simlar line 514 at

the proxi mal end. A separation (length) between the line/plane 510 and the
second | [08@41512 Thesfigctwifithe opergecewis/sity redacey thalimpgriedwvidpdengdhe tadacadanes.

The separati.on.is as .S2 with specific l.engths S2TLP_and S2ROOT shown.
FIG 3 T RRHER Tehesanel dilrih atlyohenthP tehis e R oE et STk AR HePRGIE Sne
510. [00£41dchigc@id ®et939fpaten 1t BRBIcd Bt iR @& miptary embs i@t biBc 1 9Mdategdl SW I
al ong the reduced chordline Iength. Such tapering may be used to achieve

t he saneplaeesshepronimdl icods phritspanes esthgprefdmer whensed the present exkwplagd7 pat ent .

It is not .hat, the exenpl.ary enbodi nent,of the . 937 t ent I s the
br ox o Rt kS BBl pRE TR o bedrtE ookt BT piBbeBHB0ER ! ory
enbodi meAtcpliagesthidRcdr Shdul@be RittbntRAedab aldidicohfifioBeBhd) hE@hs drsd of
manuf acturability. Accordingly, this factor should be renenbered to avoid

conf usi ofProxpmal endelrthe 937 pateaf vancs piedk javetr pngla danghe fase (diggl) epda tbat vanes
t | ' | yeill ustrated
o e Bl R ] b AR 1 PR gl |t Tt e

chord | efaéhmil) chef levgh & sdhidvicarsithilirfoteotoafft sveiviredudtied UTHik,dA turhhi s, i n
turn, produces in a dovvnstreamgortion of the first duct a tailored profile

that hasPiegeess &n # dpepsiicemyportigne sihe first dyetidaiiereg profile g1t haschoth s yelpfdsty t he
A T e S
high radial location inboard thereof (e.g., at least 20% of an exit radius). In the exemplary
resulting stretched Rankine vortex, the peak swirl angle (90°) marks the transition between
the inboard recirculation zone solid body rotation and the outboard free vortex. An exemplary
range for the radius of this transition is 0-25% of the exit radius (e.g., of the surface 60 at the
outlet 66). As the higher numbers may be more advantageous, narrower ranges of 15-25% or
20-25% may be appropriate. The swirl angle at the prefilmer may best be characterized as
just outside of any boundary layer. Typically, this will fall at a radius of at least 95% of the
exit radius. This swirl angle may typically be at least 15° (e.g., 15-25° or, more narrowly,
18-21°).
[0025] The local degree of turning of the flow may be less than 6, if, locally, the space
119 does not have sufficient length. For the exemplary vane configuration, the turning has
been observed to be substantially 8, where the ratio of the length S, to the separation S; is
greater than approximately 0.5. Where less than this value, the turning will be incomplete and
only a portion of 8;. In exemplary implementations, essentially full turning is desired near the
front (proximal) ends of the vanes and, less than full turning is desired near the aft (distal)

ends. An exemplary S;roor may be greater than 0.5 and an exemplary Syrp may be <0.25.
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resulting stretched Ranki ne vortex, the peak swirl angle (90) marks the
transition between the inboard recirculation zone solid body rotation and
the outboard free vortex. An exenplary range for the radius of this
transition is 0-25% of the exit radius (e.g., of the surface 60 at the
outlet 6f) -exéﬁ}iltdﬂ?alﬁkhﬂltﬂgf tu%ﬂ%?foﬁrid&yclt bR t@ggfs%da@mo@gg%% ottRAGARWer T anges
of 15-25% or 0-25% maybe appropriate. The swrl angle at the prefil mer may
best be oindigantions, 2ppropyate jrelgtionships inthy befdetenyined bydeedeling pemeasiygnadl | y,
this will fall at a radius of at |east 95%of the exit radius. This swrl
angle may typically be at least 15 (e.g., 15-25 or, nore narrowy, 18-21).
[00251 Tim2bpcalomadngde @mbbintinBdhhe pragent i ehiidhde te@sdesciBed. 02 i f,

| ocal Iy, the space 119 does not have sufficient |ength. For the exenplary
vane conNeyuthglcss it willhze understang thalyaripesemodibsaitons anaydeypadeupisha derarting 02

where thg ratio.of the length.S2 to the separation, S3 LS. o [ n

appr oxi nareht 18l aigigont PEbE mRafich, IPETRRTE MeRin v ki h RN R0 BR

i nconpl efeeng@ingbrin@dif Yin axiROiid svoifleideds of the@XRTAE AW itlck Bid/6NRRbALLONS,
essentially full turning is desired near the ront (proximal) ends of the
vanes andanyfaefyringteshgigngs may wilagpceslends pf ey aseepiatedhanplementgiietal )  ends. An
exenpl ar FKIW ; r. than 0. | ar be <
0.25. 6 éﬁ‘%&%‘hﬁfr Q%ﬂg%é%ﬁ?ﬁﬁef&?ﬁﬁﬁﬁg %F%@ﬂg@ﬁo@?@%@o&%@l}%{%&fp}%@@ 60% OF 02.
For ot heknota@ to®edbiQopal hebsdingbh bderf trab&limehidatownihinabe SRye bethdet er m ned
by nodeling or nmeasurenent. [00261 One or nore enbodi nents of the present

i nvent i ofPlR¥ie YaEk. described. Nevertheless, it will be understood that
various nodifications may be made wi thout departing fromthe spirit and
scope of the invention. For exanple, when the invention is applied to the
reengi neering of an existing swirler, details of the existing swirler and/or.
associ ated manufacturing techniques may influence details of any associ at ed
i npl enentation. Additionally, the invention may be conbined with other

nodi fications either presently known or to be devel oped. Accordingly, other
enbodi nents are within the scope of the followng clains. 7 CLAVS What is
clained is:




1. Aswrler vane pack conprising: an array of vanes; and nmeans hol ding the
vanes, Wwherein each of the vanes has: first and second ends with a span

t her ebet ween; and a spanw se changi ng section. 2. The vane pack of claim!]
wherein: a spaci ng between adjacent ones of said vanes is essentially

spanwi se constant. 3. The vane pack of claim1l wherein: the spanw se

changi ng section conprises a spanw S@L%El@@?i ng chord. 4. The vane pack of
claiml| wherein: the second end has a chord that is 25-75% of a chord of the
first enWhabis cHmecd@ne pack of claim| wherein: the spanwi se changing
section conprises.a spanwise nonptonically changing chord. 6. The vane pack
of clai rrf‘l vm%rsgilrllﬁrv ePYXTOMPESESuni tarily formed with the means: the vane
first ends arg ftLRdrBhesPfind he neans and the vane second ends are distal of
t he neans; and thé spanw se changing section conprises a chord spanw se
nmonot oni cal | ymdanstheldigg thdewnesasi ng. 7. The vane pack of claim | wherein: the
spanw se ﬁha.nqﬁi g‘?ﬂf’%ﬁi on,i s essentially symmetric across a chord. 8. The
vane pacW g emﬁsé}aﬁ: t he spanwi se changi ng section is characterized

by first and sReaitkebdiit erfde%athSa PaR Mekrébeti@inOindoortion of a chordwi se | ength
of the vanes. 8 9. The vane pack of claim1 wherein: each of the vanes is

unt wi st ed. 102 spanpiselsbangieg sastigh-neeri ng t he vane pack of claim 1 conprising:

2. The vane pack of claim 1 wherein:

a spacing between adjacent ones of said vanes is essentially spanwise constant.

3. The vane pack of claim 1 wherein:

the spanwise changing section comprises a spanwise changing chord.

4. The vane pack of claim 1 wherein:

the second end has a chord that is 25-75% of a chord of the first end.

5. The vane pack of claim 1 wherein:

the spanwise changing section comprises a spanwise monotonically changing chord.

6. The vane pack of claim 1 wherein:

the vanes are unitarily formed with the means;

the vane first ends are proximal of the means and the vane second ends are distal of
the means; and

the spanwise changing section comprises a chord spanwise monotonically distally

decreasing.

7. The vane pack of claim 1 wherein:

the spanwise changing section is essentially symmetric across a chord.

8. The vane pack of claim 1 wherein:
the spanwise changing section is characterized by first and second flat facets along a

major portion of a chordwise length of the vanes.
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determning a target change in swirl angle across a passageway associ ated
with the vane pack; and determining a distribution of the spanwi se change
in section effective to achieve the target change in swirl angle at a
target operating condition. 11. The method of claim 10 further conpri sing:
measuring | ean bl ow out characteristics of a swrler incorporating the vane
pack. 12. A swirler assenbly conprising: a fuel injector; a bearing coaxial
wi t h t hed.f uel Thawyametpack afndaial mhgream out er surface forming a first surface
of a first passE% y froman.nlet to an axial outlet; a prefilnmer coaxi al
with the fuel®& jgﬁgéﬁnﬁﬁﬂ“ﬁQVﬁﬁ' an inner surface formng a second surface
of the first passageway and an outer surface formng first surface of a
second passageway froman inlet to an axial outlet; a first array of vanes
in the flGst gm@ {vagngineasingvbneansypadndi ¢lainf | opmprising:st end proxi mate the

first passage f.iorst surface to a.secand end proximate the fir.st
passageway S&t %_H’dmgg PSR ci:ﬁgqu{g\;mr a qg 3@9?%@&@?&%@’% & @E?dﬁ’g}ajathgpanvw se
decreasevdn@g@agraﬁdof at least 25%fromsaid first end to said second end,
and a second array of vanes in the second passageway. 13. The swirler
assenbly of claigrmining aeestabuionnd thpwanivise cgmerase,cnpn ctfhelive th gcluetedbei ve to
provi de,, at t arget .gperating.conditi.on, a.discharge profile characterized
by s 11 a8 bt A PRGER A A B R o0 "Ove ant 25%6 of “an exi 1
radius; and a swirl angle of between 15 and 25 at a | ocation between 95% and
100% of the exit radius. 14. The swirler assenbly of claim12 wherein the
spanwi selldecrEisacthad ehelein ilQ fatlies gempasing:o provi de, at a target operating

coniton, 2 ALaEHAL S BALHh SRR SRR BBl e,
between 18 and 21 at a | ocation between 95% and 100% of the exit radius.
12. A swirler assembly comprising:
a fuel injector;
a bearing coaxial with the fuel injector and having an outer surface forming a first
surface of a first passageway from an inlet to an axial outlet;
a prefilmer coaxial with the fuel injector and having an inner surface forming a
second surface of the first passageway and an outer surface forming first surface of a second
passageway from an inlet to an axial outlet;
a first array of vanes in the first passageway, each vane extending from a first end
proximate the first passageway first surface to a second end proximate the first passageway
second surface and having a section characterized by a spanwise decrease in chord of at least

25% from said first end to said second end; and

a second array of vanes in the second passageway.

13.  The swirler assembly of claim 12 wherein the spanwise decrease in chord is effective
to provide, at a target operating condition, a discharge profile characterized by swirl angle of:
a peak value located between 0% and 25% of an exit radius; and
a swirl angle of between 15° and 25° at a location between 95% and 100% of the exit |

radius.

14.  The swirler assembly of claim 12 wherein the spanwise decrease in chord is effective

to provide, at a target operating condition, a discharge profile characterized by switl angle of:

9



15. The swirler assenbly of claim 14 wherein the peak value is in excess of
85. 16. The swirler assenbly of claim 12 wherein the first passageway i nl et
and the second passageway inlet are circunferential inlets. 17. A high
shear designed fuel injector for a combustor of a gas turbine engine

conprising a fuel n Ies orte d.nl-et of said conmbustor, a first
radi al inlet %Wah(lvgfuezl gsaﬁan‘fg ("oﬁ‘ggﬂﬂér & 2 |W£I uding a first
passage for fi evirlehgd dsfuemr@snt 1ise aB@DPURtAbcatidl beRRiel ®5¢0ad BIOLY ofling BRised
relative to said fuel nozzle, a second radial inlet swirler nounted

adj acent™8Ssai d first radial swirler and including a second passage for
flowwng additional air into the conbustor and being concentrically disposed
relative to said first passage, said first radial inlet swirler having

ci rcunf et®ent i Thd ywidespeaablyvwdretsm 1dadierdh tisaicdk vidanésineeR@rds5pan bet ween
first and second ends and having a spanwi se change in section effective to
change the swirl angle fromthe first end to the second end to offset the

swirl to %@5 : ' 'ﬁ“ﬂi#:l ' i n
section %% pro ucelrlgleég&ﬁ&&%tfc&%? tlg\&ﬂé{%. hesﬁﬁS#%%gEnlgﬁg gne g(?rbdel
I nj ect orpatageivay mldt Araevhiecvmfarentalmajetst i ty of the air in the first passage and

second passage is in the first passage. 19. The high shear designed fuel
injector of claim 17 wherein: the amount of air in the first passage is

substantpl | yAg%heMé%%@% Rjedi&iot QE%blf’s'tJr 0 f WirBink @ﬁg&é rst passage

and second pas hi gh“shear desig I'njector of claim17
wher ei n: cangtsing sfuiet hozat@uppmtedaat ranamleta)fdmslcsloaﬂag&tonfa ﬁ;ai cdsbmbstdwpbssage i s
substant Iin%{ngtgd 8161'\ tsa\ﬁﬁ el nggzlg gnd ﬂ'lgludmg a first passage for flowing air into the combustor

and being coaxially disposed relative to said fuel nozzle, a second radial inlet swirler

mounted adjacent to said first radial swirler and including a second passage for flowing

additional air into the combustor and being concentrically disposed relative to said first

passage, said first radial inlet swirler having circumferentially disposed vanes, each of said

vanes having a span between first and second ends and having a spanwise change in section

effective to change the swirl angle from the first end to the second end to offset the swirl to a

higher level that the swirl would be without the change in section to produce a Rankine

vortex.

18.  The high shear designed fuel injector of claim 17 wherein:

a majority of the air in the first passage and second passage is in the first passage.

19.  The high shear designed fuel injector of claim 17 wherein:
the amount of air in the first passage is substantially equal to 50%-95% of the total air

flow in the first passage and second passage.
20.  The high shear designed fuel injector of claim 17 wherein:

a bulk swirl angle of air at a discharge of said second passage is substantially between

60°-75°.
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