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 conbination of high efficiency, good |ean

bl owout characteristics, good altitude relight characteristics, |ow snoke
and ot her pollutant output, long |if&8WIRAHER ow cost. Scientists and

engi neers have been experinmenting with the designs of the fuel nozzles for
many years in attenpts to maximze the efficacy of the conmbustor. [0003]

U S Pat. No. 5,966,937 (heneineRbrd s THEINREReRON the di sclosure of
[ f set

which is incorporated by reference herein as i orth at | ength)
di scl 0se$0001$wi r Tler inwkreroni ralatdsdo fivehnezzlesfiot ¢renbustors fatgas tirhine eagingmMurs e

distributed. tw.st, producing.a desjred swirl angle distribution at the inner
duct out Pé‘t%.cuili\‘nﬂg’ té‘ga?ﬁ&%%% les o) ‘?J?‘?rgs’rgu[ﬂu%@ga}ehvém% W closer to
radi al neggo2i he RuIAPAT B inVBb badthr tedHIRTb Y8R debiBatlORORefHd BEe

iRk r%ﬁfet X
wal | (in an “exenplary 1nplenentati on,1 ae earward/ art direction being the
downst r eaombiisior atiarcembimution ofhighrefficigndyegendrlear Mawdutihaestdrsticnfzoode

engi ne) . 004]..Nevert hel.ess,. there remains room for inproyenen in swrler
constr ucf‘#@‘ﬁ% é@&fﬁﬁﬁﬁwt@?ﬂﬁ%"w\f_\%ﬁfﬂ o598 ut@}é)ugggglgpg é?e’ laﬁ‘ifqvﬁ?/@ﬁt i on
i nvol ves ggicamdtt kil e rABGK b@éﬁ’éﬂ@ﬂﬁﬁnﬁﬁ%ﬁﬁh e JANSS gﬁi\}ﬁﬁﬁg‘zﬂemrd' ng the

vanes. Each of the vanes may have 'first ahd second “en span
t her ebet ween yeard imatsmnarisicsmaxinargtihe gffeacy obthe cp@b@Gdr. | n vari ous

i mpl ement ati_ons, acj n n adj acent gnes of the yanes ybe,

essenti a}[@:"ﬁpan%%sggtcﬁﬁsggagbg\iﬁ@@}%@mﬂ%g%%%@tﬂ@eMQSBW Yiighbitpr i se a
spanmit <e inc6RARLA Gy fRAbhke Hkiiin 38 HABEORR Gt [BRYLN BKEloS RN Il Rtbrelitng 76 75% of
a chord of “the Fi1rst —end, e spanw se chafiging sectlon nay conprise a
spanw se vames@f dre inadrldycclivere gi spanwish disthbuldderwsa pesduohng dodesired swirl dngld or med

with the neans. The vane first ends may be . pr.oxinmal of the neans, and the
vane secBISHIRINGY ahillydene dugtautlsy TgﬁsX%%lﬁydmﬂahu%ﬂamﬁ%éhem PRFIQEEL i on

My CONpE %ﬁia?néa?@ﬁlé’\@»ﬁﬁoa‘i@/@ﬂ%@%ﬂ &ahd Yud @ﬂ?alfn"ﬂehxythg S BRAF RO wall¢rdm The
spanwi se changi ng section nay be essentially symetric across a chord (e.g.,
to not pexamplery implementation, a rearward/aft direction being the downstream flow direction,

which may 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 spanwise
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
sjaanwise 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 spanw se changi ng section nmay be characterized by first
and second flat facets along a major portion of a chordwi se |ength of the
vanes. Each of the vanes maybe untwi sted. 1 [0007] Another aspect of the

i nvention invoI ves a nethod for engineering the vane pack. A target change
in swrl 97 e across a passageway associated with the vane pack is

det er mi ndB007A di dnpihsuadpest OJﬁhetmergmnmcéeemn@ed ifor epgineeiing Giefvene pack. t o
achieve th change i,n swr e at _a.tar erating.condition is
dot er m nduergd siiige S ARRP ettt RBlrbe b B A REFAELIER S g e
vane paclgefiimined. ARRGHhRbn dFIRDGHanRNR chfizeas B&GHon Qifeb i torh¥BidYE AR tirg¥ol ves a
swirler assenbly including a fuel injector. A bearing is coaxial with the

fuel inj cbange 1aﬁ'd’1rhe:@1ent fotax@t osmtﬂ@:@nﬁﬁmmgetanmm@tmae blovaee of a first
passage r,om.an i.n to an axi.al .out efilnmer is coaxial with the

e 20e eSS o S o & 8 Vs ek B EUneiredlr t Soa br ¢ he 11 1 o1

passagewqyoo®)d aAno@et @tpec&léﬁftlﬁaclﬁvérﬁfoﬂhﬂ\@)l@esfd FuitleSateéABIS iRdluding @ Fe1d
passageway froman inlet to an axial outlet A first afray of vanes is in

t he fir stinjpetos dybsayg iveasivial anih tbaﬁrehdumyorfmdﬂmaan putst swrfage fcpmnug arﬁtsé t he

first pass | ISt surfae cond.end e the fi

passag e\/\ék}%gcse\e%&rf& SW?%‘@&% PJr‘FS ?Oaansaé‘&fﬁ i% Hgtc %a?rﬁ Fits %QPXW Wéthstb%mvm se
decr ease fiid) ifjBQbFaRf hataniges Tsurfa"é%ﬁﬁlﬁg‘a?s@édﬁdfshﬁﬁée c%flﬂe HPst padstoRGng agnd. A
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i npl ementoater smgacetiraning afnstasnﬁa@emfmnic@a‘smwmy Emhearsmtmyo freaxial outlet.

C|rcum‘eret|al I nlets anwi se decrease in ef fective to
provi de, ‘TS, agrgy ‘fane%lﬁé'tlgf Iﬁrat%%qvp}g,ﬁac V%%"’é&ﬁ‘ﬁﬂ@ ’%&%bee%‘ ®far act eri zed
by swirl ?(ﬂgllnﬁteQﬁe ﬁ?st B%Kgé(r@dytfﬁsﬂ RFBELE a é&@&ﬁ@&f& ﬁo/ﬂlﬁﬁ@e e Pr@ipadfloSirdyf

radi us; and a swirl angle of "between 15 and 25 at” a | ocation between 95%
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of an exg and a swirl angle of between 18 and 21 at a |ocation

bet ween 95% 100% of the exit radius. The peak value maybe in excess of
85. 100 1(1)(}009]10t hizrvazispemplememtheornsnihe firstand iseconkd \passagewayginletdunay belesi gn f uel
' ector c1rcumPerent1al inlets. The spanwise decrease in chord may be 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. 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 switler 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 sec_tion 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 a2 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 nozzle. A second radial inlet
swirler is nmounted adjacent to the first radial swirler and includes a
second passage for flowing additional air into the conbustor and is

concent r [00dll] y dinsprsedinipdtmtntytéortspa thagority oSthe ajppds ﬂ&g[érst Paseadei andtther adi al
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passage 3n the first passage. The anmount of air in the first passage
may be substantlally equal to 50% 95% of the total air flowin the first
passage and second passage. A bulk swirl angle of air at a discharge of the
second pgd2pe e deeaibwishant makd gmielimests of fidGneamtion are {eDkR] inThe details
of one or nore enbqdi nents of the invention_ are set forth in the
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FIG 1 is a longitudinal sectional view of a swirler. [0014] FIG 2 is an
end view of a swirler vane arr%é of the swirler of FIG 1. [0015] FIG 3 is

an enl arged view of two BRHSDEBCRIBTION QF PHEBRAWINGS016] FIG 4 is a
medi al Eﬁﬁbf lcflﬂr? ?edgé)nglﬁf(ﬁﬂﬁ s@f:tldﬂaﬁme@f féﬁsg?ﬂgal ong line 4-4. . [0017]

FIG 5 i I ew of vane of taken along line 5-5.

[0018] L[00a4] ef ellEn2 és musrieviswaiid sdmergzﬁﬁé ireaysoflthe tvarley af FIGisl. dr awi ngs
indicate |ike elenents. 3 DETAI LED DESCRIPTION [O é%% FIG 1 shows a
conbi nat [M45bs  F1GwA i &t enjargediney olgwarvanes of fes a3y &G 2nozzl e

[0016] FIG. 4 is a medial sectional view of a vane of FIG. 3, taken along line 4-4.
[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

elements.




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 swi DESAILEDDESERHTEAON beari ng has generally aft
and fore fa 4. 36, 38 and 40, 42. The a nd fore surfaces extend
et vien DB} corfiS: Loy & cpiBbFReR Pt 3 FHiTlST pYSER by RRkinsplor maprle al

i nt er i or 25 UfHcafe8 718 %ras b Riskdlen&BGTRIA dsch: | fRD i as a
radi al | y- ext gndi ﬁg S‘Et b(l)ar gnporﬁétigﬁon 3S4C ext ndﬁggéqr#v%?gﬂé ?I} gﬁﬁ ﬁgﬁggri net er
ri m surf passagbday 2 8 itheesvipor. tliho swater tand ingj edtoramizaly shiverasfentrad lbogitelfral axis

| ongi t udipal nd an i.nboard radial rimportign 38 extending to the
cylindri SO ThgdareieaR of thersier is Jormedibyrghearing o9 hewing 2 sy ndricd] WigPrext endi ng

out board [ ks | ftd ext endi ng
Lo tho cyierpr uft eIt el RAMMALCY BB o, ARAR PRI ERatel o0 g | o
a prefil mevemhéntiedvhawpzgkrewiawigeralhe el aydesting asegn&dlly 8% andbrand 58, 60.
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i nward f FBHACES r316n§f§ é‘?de 39441% fh? f—é&%d §>29 syrtacghextendhipeiween a eigneaierniale ur ved,

rearwar dj vy ' bt i Of 1 on: ' ortion 56
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surf ace embodinest, thestfeqptade hadi aldiaflyextaaddigrnaitmatbpatidn fo ekicadingZnwextiendi ng
inward from the rim62 and a |ongitudinally convexly curved, rearwardly

conver gi H§M the BFEMEEBRMLBFRPOHGUNESdROFIES trinstismiziberslionstoment 56. The
3%‘?' ng ﬁaﬁlgiﬁdiﬁéi?ﬁ% Ho0dr8 tdiNe m bBFfoni @G Rinc45 @ﬁé @6@&1&8@9&3{1&1 frfale
efi ne the™1 nner’ passageway and“an 1 nner O\I%pat extending Tradially

i nwar d f 3hmhaforersutfhciasanddially-ektegdiaf butboapoptidl 40 aeba pdarw drdlwinwagsily f ace
56. Air 70 .enter.i ng%t he inlet 64 mxes with the fuel 26 in a downstream

central PBfURLRPTHED fRexteRHaE to thasyhpdisal imgior suececddp Spaced resswardy ekthe e from

t he outl 60 . : ' 7 t refil mer
art surf Seaigin PRERherlh RYH (SIRITIRIR lE dimuec el 38 HEG8, AR QHERR ' 0
out er Wwaddrfa8®inchites @uicﬁallwattbncﬁﬂ% basoad paftion Busxi@rlengSidwafitfrothhepepiictsr wWal |
aft and fore surfaces have radial portions 82 and 74 extending, inward from

a ci r cunfiarErersh2, alergitndingllgsonsiaelycypewd: foprraidlycangirgingnirasitias portion |
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78. The sécond” passageway _ ween
t he pref fordRirfaan thchitdes b swphéd LidilN-dxtdiBingZutboard 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
thé 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 [0021] Inlet portions of the
first and second passageways carry first and second circunferential arrays
of vanes [0@2d] andni® podwnaof the ﬁrﬁq:m:lritse@mdrpasiagewm cairy firstewi secontlher et hr ough.
Gener al Qperati on be .as d in the ' t ent ereas the '937
patent df 8?%%5@%@%% |°rﬁé’a%35§§§' 38%\?\? ?S’lmﬂ%?ﬁ ISE(%EV%E‘E YOPEi atel y

di stri buiipgethitugh. @énerél%ﬂ@ﬁhbﬁ‘ﬂia?%e% BEICYbEEInRE DBE HatchE WhQBas th@%?xerml ary
enbodi nent achi éves this by varying blade section without such twst. In

t he exe nphtangmeqimm olEaving b esitdaaviir grofile by emeppraptistely distebuteptweiseofand a
vane pack including the vanes 100. A base portion 104 of the yane

{es”t nvadiptie heve SRl sPation. W avriaE 13@&?}8'% Rlachis e ¢

sur f aces p[88 RedHoh ithout ERHTW. A9k & &g s afernt i Stfarﬂlg lequlméwlﬁcde 34.
[0022] FIG 2 shows each vane 100 as I ng et ween [eading and trailing
edges 1lGnairapidcd 4t 4 vaompaclp imokidired the rvdnathOhA ha‘seapdrﬁonrﬂ Q0 4f the vanglpmkal end
114. The .exenpl a{)z vapes .have fi ﬁt and secaond sid urf ces 116.apd 118
havi ng ﬁs%mfﬁ TSPAtp & emne&ﬁ%é?% HFXPPIRY PLFIIPLST 2 A S %ﬁf%ﬁﬁa‘?tlé’e 1.
Exenpl ar ¥, 04 BEs beh QrePa PR SurfdlPRe Nnarrowly, 0.5 and 2. In the
exenpl aryo err%o |r%enst ﬁg%?mr set sgﬂ% ace 116 of one vane is nearly parallel
to the afff@2gnt Héicérshowslezicﬂman&leoasfe:tthﬂ:hmgbﬁtwaanbadmgahd trajling etigsdtifs of

t hese surf s. being strai j or, portion_ of ce 1l

{ hor obet Bl 2P R0 5immR) 5P Pt @sﬂk@ 108 & ﬁdlstaiﬁ@tlgffﬁ&eteﬁemp%\&@ea line
or |lon II ugh one of
Ehe spag}elé‘!‘écljili %,gmregﬂﬁ?aﬁl&?l ne % ongl tu ?%ﬁﬁg%ﬁ&ﬂﬁaﬂﬁgﬁgﬁ ggﬁvér% grgects t he

| i ne/ pl areeliByAnwhrdeat canngle Gﬁoﬁ(enTplarba& spgbe bid@ead iand 3f, raoreangowl?2

t her et o. n- 02 is ffectiyve to art Wi be

bet ween glggﬁﬂésg%“mﬁ"é‘e 0 1?3?“561166 bswfaéeéé? %@V@eéﬁmlyt I§hne as
taperingy ﬂﬂe%@%éﬁt s@d&ﬁ%gﬁfé&”i‘l'sto? ¢k VRle, %&%ﬁr 1dn to‘}‘tﬁésé seiegkal end

114. In the e nment e chord engt he pr oxi ma end is
shown as béihgzﬁﬁghnd md]m poindsrdof tha gpdee 419 tﬁmhémeealwﬁﬂﬂve asealyovnstast &, p

}MUJ; P hgr hgl %@%@%&%ﬁd}%ﬁ lrg%!gltEdQnal p? te)hSe OZdéyftttariadllnge Qu%s?aggxlnlqy r%gdila_tll'ly FlG s
through one of the spaces 119. A radial line (longitudinal radial plane) 504 intersects the
line/plane 502 at a center 506 of the space 119 and is at an angle 6; thereto. Non-zero 0, 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 Sjroor 2nd the chord length at the distal end is shown as Syt 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 05 off vertical as measured in the section of FIG. 4. In the exemplary
embodiments, Syt 18 < 75% of Siroor 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 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 exenplary trailing edge 112 as extendi ng

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

t he exenpl ary enbodi nent, the | eading edge (or a major portion thereof) is
i ncl i nedotiter adjaamgtzmeOBI@fa‘ furthet sihoazls admerfdd eureadingmotrhal tseledtifion sile FI G 4.

e L S ok e R e o T
(I ongi t ugypat lfﬂ‘ﬂe\)ap?gﬂ?é(&l Aid 1 ttﬂérgqtghﬁﬂ}hg 't agh%ga%ﬁtﬁmrtIIHQSM at

I ntersection o tra I Ng e and t j acent vane Second

si de sur fleqeodiiiil eiid. oh&pa:tgtlanthgt\h}abmadtherlinerp&smtﬂlngmaltlw@céﬂlbhﬂd 519t side
116 of the, 5 ft her adj acent van FIG 3 further shows a, line 512 extending
normal tel¢ Wél progressivelyaary dlong hespan ef the ametshBhwgmﬁpw HPWPRE Sp At

portion | ntensectin 1 yane (at

t he di st géb%{elﬁcglfe&%g§ﬁgr eof YRO% %Mgeﬂf]ﬁ??her Sh %S\WVSS% %ltfr%g I“él‘?}ﬁ OHHGSS%?LZF he
proxi mal 1&hat thd\lisephnation (length) between the line/plane 510 and the
second line 512, 514 wi|l progressively vary along the sggn of the vanes.

The sepalW®Abn i Theiisahotibe Gpeing wanes jfoireduse theignestedswirhalgng thszediopd s hown.

FIG 3 f 9@
510. [00 THﬁllllue e ec t?ﬁ ?rk%q?# %‘%ﬁgﬁ%%%‘g%‘%ﬁ@g%“%& cea{@)ew M@%@L“’gpsw ri
al ong t hereriéshidred in ¢Heo93M patent) 1 0idied thuicthe bﬁ@g@lmnmlﬁanwmb 937 paditeve

the same or simlar flow properties as are entified in the '937 patent.
It is noblagestthaproximalsedppf dy yaleﬁﬁ@@ierﬁﬁﬁlnw vehgecas deprpssneeempittices t he
pr o T B Rh s OB e 81 ST ASPBE MASHERR Ao SR AR AR, 27V

enbodlnen aces ends on or near € bear or ease

manuf act Abé&dinlglw this mﬁﬁrsﬂcmna Ib¥ rerhéthberé @t aizrousmltﬁhsﬁlmque Wﬁi‘é@&[s&lde o av0| d
confusion. Thus, whereas the aft (proxinmal) ends of the '937 patent vanes

are at | Gwerimahgings phthe 'eatenit ¥anegiass alllgwerragle then ﬂlﬁrfe@édtsta}/lmdﬁ@l@t r at ed
enbodi neﬁllef%%s' lﬂﬂst édé 'é&u%eﬁﬁhgrg%gg é& g acfh&h‘ai'ehgtp Er»uféger alflgqfo%‘?h( proxi mal )

chord |l e eve a Sini tctron in

turn, p(lﬁﬂxiﬁe@ dharcaleﬂgmns hEldeve aosamﬁlapfbr@to ﬁﬂﬁ@wfrl feﬁhctih#ltfhﬁ QT ed profile
that has both a relatively |low swr| value : | ess t han 25) near the

pref i | meproguersan péawngwam pertipy ef the fstrdsicha tavlereﬁ prﬁﬁlgﬁhat@@s bothlagelatively
| nboard or\]vesr“?’ﬁfvaﬁue (% g, 188 t{'lanafg °) 1219;1(0 tﬁ)e pre 1hx(1ae)§"a51d r:a.ap(rj:%lllcJ S‘Rflﬂ vdlud Qc a refﬁa{;’ag/ar y

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 0,. 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 S;7p 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 66). As the higher nunbers nmay be nore advant ageous, narrower ranges
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angle may typically be at least 15 (e.g., 15-25 or, nore narrowy, 18-21).
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local l'y, [4026] spa@ae oﬂxh@rechnﬂmdimbnthaf/élewffsémtdhmntiohélagﬂ: beenfdescritivd. exerrpl ar y

vane con uration, t tugnin as been obser.ved to be ubs ant
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i nconpl ete an ortion of 02. In exenplary I nplenentations,

essenti akde;agﬂlad:rhng aftani axgpting sebirdary dedailvadithe eblasnrfgrsmﬂer(qmdb)rlamlc)at@lnds of the
vanes and, |less than full turni g is degl red near,the a distal) ends. An

exenpl ar {1289 n&é@ﬁhsgluaway fhitpse degails of7gy Atosz mﬁegn B may be <
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For ot her vane |gur atio appropriate relationships ma et erm ned
by nodel kngwoor tm:asclﬂvelmpad Accbﬂﬁu@j&, dﬂmmrbodnmaﬁsa&fmdthmtﬁesscoﬁe dfttee pr esent

i nvention have been described. Nevertheless, it wll be understood that
various HRIPWINESRIBHS may be nmade wit hout departl ng 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 swrler and/or
associ ated manufacturing techniques may influence details of any associ ated.
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 Wat is clained
is: 1. Aswrler vane pack conprising:



. distally decrea

an annul ar passageway havi ng passageway extending radially inward from an
inlet and curving aft to an axial outlet; an array of vanes in the
passageway at the inlet; and neans hol ding the vanes, wherein each of the
vanes has: first and second ends with a span therebetween; and a spanw se
changi n§hstds tiaomedcisnpri si ng a spanwi se changi ng chord. 2. The vane pack of
claim1l wherein: a spacing between adjacent ones of said vanes is
essentially spanwi se constant. 3. The vane pack of claim 1l wherein: the

second nd %%ﬁle?b%%&cﬁ%mbﬁsﬁ - 75% of a chord of the first end. 4. The
vane pack of claim1 wherein spanwi se changi ng section conprises a

spanw se m)rmtmanulaapasyagcnam@awgg@hﬂagawayaxtéﬁdmg\mdnallpaukardffrom an mlct andher ei n:
t he vanes .are, unitar.i| orned with the neans; the vane first ends are
pr oxi nmeMrgRE £ 0 el Bthe vane second ends are distal of the means; and

t he spanw Sean%?ﬁg%'f'i}gne%‘?ﬁiﬂegﬁ\s}ﬁ%@ﬁé& 68 ﬁﬂé?chél{dj spanwi se nonotonically

i ng ane pack of claim1 wherein: the spanw se

changi ng sean¢ans hokliresthentnez] | y symmetric across a chord. 7. The vane pack

. of claim1l wherelfn' t he anwi se changing section is characterized by first
- and secthdcipeath 9tdheyanes tig a major portion of a chordwise Iength of the

vanes. 8 8. f@%nﬁ%gﬁorﬁ%ﬁgﬁ Q/flth%!sﬁhﬁntﬂeréﬂ@ﬁie%hnaqd each of the vanes is

untwisted. 9. A net engi heering a swirler vane pack, the swirler vane

" pack conpri s:spgnwmachmguﬂ@secpmecagmgg hspanmipemhssgnevlayrdext endi ng radial |y
inward froman inlet and

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

4, The vane pack of claim 1 wherein:

the spanwise changing section comprises a spanwise monotonically changing chord.

5. 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.

6. The vane pack of claim 1 wherein:

the spanwise changing section is essentially symmetric across a chord.

7. 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.



curving aft to an axial outlet; and an array of vanes in the passageway at
the inlet; each of the vanes having first and second ends with a span

t her ebet ween; the nmethod conprising: determning a target change in swrl
angl e across the annul ar passageway; and determning a distribution of
spanwi se change in section effective to achieve the target change in swrl

angl e a target operating condition. 10. The nethod of claim9 further
conpri g‘ng:ﬁ@g@ﬁ?}’ q%éiﬂll'%t}iw 88 characteristics of a swirler

i ncor pLAt hiNle VhsVangwRask. 11. A swirler assenbly conprising: a fuel
injector; a bearing coaxial with the fuel injector and having an outer

surface formng a first surface of a first passageway froman inlet to an
axial qutlet, aﬁg)rdg.fi | mer coaxi al 1Wi th th %el .l njector and having an inner
surfacé f or ft B g gierectn £ saUletvapgpack; the sSWHIRI VaRe DAAK OMPrisigout er
surface forghRgndlhf Waaeeviak pas %g‘é%@d}% tdﬁﬂﬁ{?argﬁ irf L an
axial outlet; a fi r%%ssa?;!r ag o‘f{1 %gness In tr)]{e Tirst ﬂé%@%@?‘%‘%ﬁk%ﬁe

ext endicngyiig afttcearf axigtoudla angr oxi nate the first passageway first surface to

a second end proxipate the first passageway second surface apnd having a
section charaﬁé‘fréypggﬁ‘eﬁﬂzn ﬁ"e?ﬁ%ﬁﬁ?‘g@’ Ye "rl\é@%eeﬁcﬁ Ogﬂﬁr"&nﬁﬁ‘haé(tmg fgré%ﬁmad 25% f r om
sai d figeaindnds HRhaabsh 8RFDRAVRAYD; and a second array of vanes in the second
passageway. 12. The swirler assenbly of claim 11 wherein the spanw se

decr ease i n tohoethoid sompfisiogi ve to provide, at a target operating condition,
a discharge profile characteriz Y SW eak val ue | ocated

Ed b [jl aim%: e of. a ,
bet ween 0% and oslsierPnipg aiarget canggdn swirhangle r??“ ETRiBPasRETYeA"d5 and
25 at a location bet V‘Qﬁfkrﬁ_ﬁﬁ’ﬂ?ﬂﬁis@rﬁﬁ%ﬁ%f EEwERE! chafi hlééctiozl &fécti{é‘% swirler

assenbly of claim 11 wherein e spanw se ‘decrease Tn chord Is effective to
pr ovi dechiave thettagetathangreinawiinl gngleatia tarpat operatings cdalitiym. pr of i | e characteri zed
by swirl angle of: a peak val ue | ocated between 15% and 25% of an exit

radi us; and

10.  The method of claim 9 further comprising:

measuring lean blow out characteristics of a swirler incorporating the vane pack.

11. 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.

12.  The swirler assembly of claim 11 whetein 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.
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a swrl angle of between 18 and 21 at a | ocation between 95% and 100% of the
exit radius. 14. The swirler assenbly of claim 13 wherein the peak value is
in excess of 85. 15. The swirler assenbly of claim 11l wherein the first
passageway inlet and the second passageway inlet are circunferenti al

inlets. 16. A high shear designed fuel injector for a conbustor of a gas

t ur bi ne .engi.ne conpri si fuel _nozzl.e supporteq at an inlet sai d
Conustiar - N PEIon astay o el LG HE SREBHS e I P IS M e B
i ncl udi 8 Tal h i A Iob SRS i ng
coaxi alﬁgl%iag%g%%ﬁ%?gﬁgﬁ lg Egﬁlﬂé&ggdgﬁ P %jg}% p%dc%ggflg%}&é secgﬁ/ﬁ‘{1 g%lﬂglf%?nl et
swirl er nountredk seluadematedtbetveeind 54 ast 25% aflamexiswididseandand i ncl udi ng a

second passage .for flawi ng additiongl ,ajr into the mbu a bei ng
concent ri caly i@%‘@é’gye‘i”%e%ﬂg{/@’dtﬁ aLp CF’i“?ns‘?etY)’S"é"s%‘%é ,anig&ﬁ%f‘}i??l?te’ﬁ“adi al
inlet swipder having circunferentially disposed vanes, each of said vanes

havi ng a span between 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 tq offset the swirl. to_a higher |level that the swrl would be
wi t houtlt he ﬁ&ﬁ%@%S%Ff@é&?‘f&lﬁﬂ@g3aﬂ]8rfg%§le£e§sﬁwﬁg108%@6@%9%: The hi gh
shear designed fuel injector of claim 16 wherein: a majority of the air in
the first passage and second passage is in the first passage. 18. The high
shear dési gridd sfaiiddr assgnedy of claim ¢ I arherelbthetfersteiapsagehey migiand tlafseedrrd i n t he
first passage is,substantially equal to 50% 95% of the total air flowin
the fi r@ﬁsag&%’@@té’f?&“@@&fﬂaﬂ%é 8§e. 19. The high shear designed fuel
injector of claim16 wherein: a bulk swirl angle of air at a discharge of
sai d second passage is substantially between 60 -75. 10 .

16. A high shear designed fuel injector for a combustor of a gas turbine engine comprising

a fuel nozzle supported at an inlet of said combustor, a first radial inlet swirler mounted on said
fuel nozzle and including 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.

17.  The high shear designed fuel injector of claim 16 wherein:

a majority of the air in the first passage and second passage is in the first passage.
18.  The high shear designed fuel injector of claim 16 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.

19.  The high shear designed fuel injector of claim 16 wherein:

a bulk swirl angle of air at a discharge of said second passage is substantially between 60° -75°.

10



