TECHNI 1) This invention relates to a fuel injector used in a
burner sectign.,.ef a gas turbine engine.aMre particularly, this invention
relates to a tuel nozzle that produces a skewed fuel spray pattern.
BACKGROUND OF THE | NVENTI ON (0002) Each successive generation of gas
turbine engine typically represents a marked inprovenent over the earlier
generations. VariOuse] 8(ders PROTUCNESKEPERRPRAY pRRAERIAN percei ved
custoner requirement’s, hel'p Spur the I nprovenents in a néw generation of
engi ne. A burner section of the engine, where the conbustion of the fuel
occurs, is no exception to the need for inprovenent. [0003J A designer nust
consi der many factors when devel opi ng the next generation burner section of
a gas {WHGINKARFIEED Such factors include fuel/air ratio operating range,
snoke-free tenperature rise capability, |ean blow out, NOx em ssions,

st abi | i[0601] ddigaheetitioy relates ¢tha firhihjectstusedip atirtdrisectjpaioft, gaatusbingtngine.t hat
benefited one factor may have been a significant detrinment to another

fact or M&epagaliBlly Sthistin 0@ Siod Relbtes oM ucCi¥giedRar prsduaes asidowtifeelapmyl ar
conmbustor rather than a single annular conbustor to increase the operating
range of.ihe fuel/air ratio and to inprove |ean bl ow out. However, such a
solution I npacts other factors - nanely weight, conplexity and cost.

DI SCLOSURE OF THE | NVENTI ON [0004] It is an object of the present invention
to provide an inproved burner section of a gas

BACKGROUND OF THE INVENTION

;eSeNvam% @m%mm 6: TD, R*= FUEL NOZZLE PRODUCI NG SKEWED SPRAY PATTERN
L8

[0002) Each successive generation of gas turbine engine typically represents a marked
improvement over the earlier generations. Various factors, such as environmental impact and
perceived customer requirements, help spur the improvements in a new generation of engine. A
burner section of the engine, where the combustion of the fuel occurs, is no exception to the need

for improvement.

[0003] A designer must consider many factors when developing the next generation burner
section of a gas turbine engine. Such factors include fuel/air ratio operating range, smoke-free
temperature rise capability, lean blow out, NOx emissions, stability, complexity, weight and cost.
Up to this point, a solution that benefited one factor may have been a significant detriment to
another factor. For example, a designer might consider using a double annular combustor rather
than a single annular combustor to increase the operating range of the fuel/air ratio and to
improve lean blow out. However, such a solution impacts other factors — namely weight,

complexity and cost.
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turbine engine. [0005] It is a further object of the present invention to
provide an inproved fuel injector within the burner section. [0006] It is a
further object of the present invention to provide an inproved fuel nozzle
within the fuel injector. [0007] It is a further object of the present
invention to provide an inproved primary fuel circuit within the fuel
nozzle. [0008] It is a further object of the present invention to provide a

fuel npERE JISERE OHTHEINVEBNTION ovenent in one or nore characteristics of
the engine w thout significantly i npacting any of the other characteristics

of the [ f: V, nto
provi d rl? 5 ar%g%ge% tﬁ%kj %S@rrnptru(ll;\\rfggﬁ m;l% gi?ggll?fm}%ﬂ%ed[)&‘ﬁﬁ%lctfg&ll ?Haéagurt her
obj ect of the resent invention to provide a fuel nozzle capabl e of
|ncreasPﬁﬁ' Iterrperature rise capability of the combustion chanber.

[0011] It is a further object of the present invention to provide a fuel
nozzl e that exhibits a lower fuel/air ratio at | ean bl owut, and provides a
hi gher operating range. [0012] These and ot her objects of the present

i nvent i[0004 ltisadhiteeredjdchobthe presgre duveltiomtd prevideeur mhprovedfysh ingackay:within i nl et
for receiving fuel; and an outlet for discharging fuel. The outl et

i nt er saké burh&ssebsigi t udi nal centerline of the nozzle and produces a skewed
spray pattern. [0013] These and ot her objects of the present invention are
achi eved in another aspect by a fuel injector, conprising: a fuel nozzle
having an outlet for discharging fuel; and a swirler adjacent the fuel
nozzle e t t he
AN tf&z 1?&'h ﬁ} :?fe | Sctﬁgﬁrege t#&g%l?}ﬁ@cpg‘g\%ld fin %pé#&v&l‘ﬁeﬂﬂ&éz?e within

r rnnh
crescen ﬁmﬁpﬁguﬁp ay patte in the

[0007] It is a further object of the present invention to provide an improved primary fuel circuit

within the fuel nozzle,

[0008] It is a further object of the present invention to provide a fuel nozzle that exhibits an
improvement in one or more characteristics of the engine without significantly impacting any of

the other characteristics of the engine.

[0009] It is a further object of the present invention to provide a fuel nozzle that improves lean

stability.

[0010] It is a further object of the present invention to provide a fuel nozzle capable of

increasing the temperature rise capability of the combustion chamber.



fuel discharged fromthe fuel nozzle. [00l4] These and other objects of the
present invention are achieved in another aspect by a burner section of a
gas turbine engine, conprising: a conbustion chanber; and a plurality of
fuel injector s for providing fuel to said conbustion chanber. At |east one
of the fuel injectors produces a skewed flane pattern in the conbustion
chanber that overlaps with a flane pattern from an adjacent fuel injector.

[0015] [bbegat %@fuﬁh&%b &bbﬁh% Pr&énttifeenBbE &LSProvids ¥ el inepzl et adhibieveldwen
another aspect by a neg of "inproving stability of a flame in a burner

sect | Orfuglf/auala 8%t {eh'xﬁ ogsg)uggg{i Bl%\/ld-gg'ghf%rtep&ge ﬁ{%q%h es the steps of:

providing a plurali I njector fuel to the fuel
injectors so that at Ieast one of the fuel injectors produces a skewed
flame pattern in the burner section, the skewed fl ane pattern creating a
fuel non-uniformty in the burner section; and qverl apping t skemFd flame
pat t er 0021 nThese andhatherpbjestspidhe erﬁseaa}%@rﬁnaflaérlnrwpé%%eraspert m fue

DESCRI PTI ON OF THE DRAW NGS [ 0016] O her uses and advant ages of the present
i nvent imazlej ddmivsmgmen b doreeteiviag findsmdskidutledor dis¢Haeging fuelipdie oudttler ence
to the specification and the drawings, in which: [0017] Figure 1 is a

Cr 0SS- SBeldeO e 1¥hENdMal BerltaiRObPRe BPLHINSI Hro@icBS a bk Bidaprayi fattarndet ai | ed
cross-sectional view of a burner section of the turbofan engine of Figure

1; [0019] Figure 3 is a perspective view of a fuel injector used in the
t ur bof an engi ne of Figure 1; [0020] Figure 4 is a side view, in parti al

Cross of [¥e! f, a fue : f | nj.ect f Figure
SR LS BT RIS o%tec*és?tteeerrenh e ur e i Sl afE-EEy Ehe 1 Lo
nozzle f{lakn%gct%l‘ %gr%plrlst?lg zy t_'u\ell 1ltonzz e h%vmg aﬁ’outlet for discharging fuel; and a swirler

adjacent the fuel nozzle. The swirler discharges a fluid concentric with the outlet of the fuel

nozzle. The fluid discharged from the swirler produces a crescent-shaped spray pattern in the

fuel discharged from the fuel nozzle.

[0014] These and other objects of the present invention are achieved in another aspect by a
burner section of a gas turbine engine, comprising: a combustion chamber; and a plurality of fuel
injectors for providing fuel to said combustion chamber. At least one of the fuel injectors
produces a skewed flame pattern in the combustion chamber that overlaps with a flame pattern

from an adjacent fuel injector.

[0015] These and other objects of the present invention are achieved in another aspect by a
method of improving stability of a flame in a burner section of a gas turbine engine. The method
comprises the steps of: providing a plurality of fuel injectors; supplying fuel to the fuel injectors

so that at least one of the fuel injectors produces a skewed flame pattern in the burner section, the



[0022) Figure 5a is a cross-sectional view of an alternative enbodi nent of
the distal end of the fuel nozzle; [0023] Figure 6 is a front view of an
i nner sleeve of the fuel nozzle of Figure 4, showi ng an opening in the
distal end; [0024] Figure 6a is a detailed view of the opening in the

di stal end of the inner sleeve of Figure 6; [0025] Figure 7 is a plan view
of a spray pattern created by the opening in the distal end of the inner

sl eeve sRéwdd Gahepditer) BR2H]g Ffi@Lfich-Gnifomaty Vi €he Hubns¥dtioh] ahdidverlapihgigiei on
chanmber and taken along line VIII-VIII of Figure 2, showi ng the flane

pattern &P%?gt g%ft r‘(\gﬂtﬁgl SR Yattb e f Q] E&ﬁ’fue[lq)zggﬂ)r. Figure 9 is a plan

VIeM/Of th an inner slee e of another type of fuel nozzle;
[0028] Figure 10 is a plan view of a spray pattern created by the opening
in the distal end of the inner sleeve of Figure 9; [0029] Figure 11 is a
view fromw thin a conbustion chanber of an engine, showi ng the flanme

patterrBPeIﬁgd?%%CWHQb} QﬂjTé%HMWG%OZZI es such as those seen in Figure

9; [0030] Figure 12 is a plan view of the distal end of an inner sleeve of
anot her[0836p ©thér UsescAndradr anitages of [leqBdsentHinyention ¥Ellibscame/apparent tmthese diltkeda
conbusti on chanber of an engine, showing the flanme pattern created by two
adj acen tHeuwed uponzefeeacsivthe sseciflvatien aekhe drwihguirewlizh: BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON [0032] Figure 1 provides a cross-sectional view
of a gas turbofan engine 10. Starting at the upstreamend, or inlet 11, the
maj or conponents of the engine 10 may include a fan section 13, a

[0017] Figure 1 is a cross-sectional view of a turbofan engine;

[0018] Figure 2 is a detailed cross-sectional view of a burner section of the turbofan engine of

Figure 1;
[0019] Figure 3 is a perspective view of a fuel injector used in the turbofan engine of Figure 1;

[0020] Figure 4 is a side view, in partial cross-section, of a portion of a fuel nozzle of the fuel

injector of Figure 3;

[0021] Figure S is a cross-sectional view of the distal end of the fuel nozzle taken along line V-V

in Figure 4;

[0022] Figure 5a is a cross-sectional view of an alternative embodiment of the distal end of the

fuel nozzle;



| ow pressure axial conpressor 15, a high pressure axial conpressor 17, a
burner section 19, a high pressure turbine 21, a | ow pressure turbine 23,
an afterburner 25 and a nozzle 27. Cenerally speaking, the engine 10
operates as follows. Air enters the engine 10 through the inlet 11, travels
past the fan section 13, becones conpressed by the conpressors 15, 17,

m xes wth fuel, and conbusts in the burner section 19. The gases fromthe

bur ner [86£)iFgurd 8 16l et ViBR of 4 RneeSed of 2 fubhRizzIRXif Fiduhe4 sheiwiig ah0
t hrough the nozzle 27. If necessary, the afterburner 25 could augnent the

thrust of . L . by igniting additional fuel. Conponents of the
engine‘%ﬁnﬁggéﬁ%?%ﬁﬁf%gThe present invention are not discussed further.
[0033] Figure 2 is a detailed cross-sectional view of a portion of the
burner section 19. The burner section 19 includes an annul ar combustor 29,
fuel injectors 31 and spark igniters 33. The igniters 33 light the fuel/air
mi xt ur Q4 \Fighe 68 is & Frsaitedinys pbihe ppering i thp disfal end phtbe #ingr slegve of Kiigusg
engi ne start. [0034] The annul ar conbustor 29 includes an inner |iner 35,
an outer liner 37, and a done 39 joining the inner liner 35 and the outer
liner 37 at an upstreamend. A cavity 41 fornmed between the inner liner 35
and the outer liner 37 defines the conbustion chanber. [ 0035] The fuel
injectors 31 mount to the donme 39. The fuel injectors 31 provide fuel and
air to i : [ J j i ; ; i ner
7 navd L e B B B e e ary
air to.the cavit .41.6The conbustion holes 43 and dilution holes 45 aid the
conbusﬂpgﬁsgﬁg%gﬁggw%réate a nore uniformexit tenperature, control the
rate of energy release within the conbustion chanber to hel p reduce
em ssions, aid keep the flane away fromthe inner liner 35 and the outer
l'iner 37. Cuide vanes 47 at the downstream end of the conbustion chamber
def i ne [00%6] Figurafdea viswt fiem Widiin e sembustionchinber apd takeo@Beyg linp & 18xYBHhel on
of the flow past the donme 39 and into the conbustion chanber, along with
Figure 2, showing the flame pattern created by two adjacent fuel nozzles;

[0027] Figure 9 is a plan view of the distal end of an inner sleeve of another type of fuel nozzle;

[0028] Figure 10 is a plan view of a spray pattern created by the opening in the distal end of the

inner sleeve of Figure 9;

[0029] Figure 11 is a view from within a combustion chamber of an engine, showing the flame

pattern created by two adjacent fuel nozzles such as those seen in Figure 9;

[0030] Figure 12 is a plan view of the distal end of an inner sleeve of another type of fuel nozzle;



the swirl created by the fuel injector 31, creates toroidal recirculation
zones. As seen in Figure 2, the conbustion chanber has an outer
recircul ati on zone OZ and an inner recirculation zone 1Z. The recircul ation
zones Z, 1Z bring hot conbustion products upstreamto mx with the
unconbusted fl ow entering the conbustion chanber. The hot conbustion
products provide a continuous ignition source for the fuel spray exiting

the fUE{boﬂﬂi‘JF‘? 013 % gw[f%%ﬂﬂn}hﬁccﬁﬁlﬂisﬂ&q dnAREb RIS gle, amlﬁgméaﬂain?é y of

power Ievel ccor injectors 31 nmust control fuel flowto

h f h h
ar cat edb Falib rt%f%&giacgﬁﬁ‘éafna T PR BYEE sep R P Rl T most amount

of fuel to the engine 10. Conversel y, the fuel injectors 31 supply the
| east anobunt of fuel to the engine 10 at | ow power |evels, such as at
engine start, idle and snap decel erati on. 0038] The fuel injectors 31

use a (ﬂJ%ETMQDEIFORd@éR@YI © QUdtTHRONVENTIGD e fuel demand. A prinmary fuel
circuit continuously supplies fuel to the engine 10 regardl ess of power
| evel . [6032¢Fondal providds acirosssedtichaipyibwes afgaeturtiodad éreggieent]. Seartif aithy at hi gh
power levels. Cenerally speaking, a high power |level is a power setting

above lgkt?ean{ &{a?:&lmFétwrtﬁe halct cBmPERRESthY EhgtheEVd Rhy IdRude shn bedkieg19ra 31.
The f injector 31 includes a fuel nozzle 51 and a swirler 53 surrounding

the f u%w @fﬁ%ﬁ[rg a% %I co'?xllt_i:)%ssgr %n)taefu@ @Ess'ufy a%al %éxg&ﬁsﬁﬂﬁf epb Exosrecﬁ’(;n ?I?q exits

t hrough™ 0 see ure 4 nozz Nozz

s 1 | STty ﬁi’? Y PHRGTE RO D A1 Rer 33&%9 3@%25 B Saisrler i on

chanmber or slidably mounts to the done 39. During engi1 ne assenbly, the fuel
nozzl e sBeekylg; thegnging d 0 perategas fadlowszAirepnthe spging | Freyghghe t,r&ﬁtclé ntavedsal |y

surrounds the nozzle 51. The swirler 53 has a passageway 61 with angled
vanes @astithefanisection 1Bnpruomesn coroprassed by tlee conpppesadns 14, Bl ppkéeedithjue] ad
conpressors 15, 17. Preferably, the direction of rotation is
count ekombadtsinghe buhner seotia@t 1 N Thaighsed fionpihe Yamet beetibn@P drive the turbines 21,
23, then exit the engine 10 through the nozzle 27. If necessary, the afterburner 25 could augment
the thrust of the engine 10 by igniting additional fuel. Components of the engine 10 unrelated to

the present invention are not discussed further.

[0033] Figure 2 is a detailed cross-sectional view of a portion of the burner section 19. The
burner section 19 includes an annular combustor 29, fuel injectors 31 and spark igniters 33. The
igniters 33 light the fuel/air mixture provided to the combustor 29 from the fuel injectors 31

during engine start.

[0034] The annular combustor 29 includes an inner liner 35, an outer liner 37, and a dome 39
joining the inner liner 35 and the outer liner 37 at an upstream end. A cavity 41 formed between

the inner liner 35 and the outer liner 37 defines the combustion chamber.



spray and inparts a rotation to the fuel. The vortex created by the swirler
53 hel ps control the flanme in the conbustion chanber. [0041] Figure 4 shows
a side view, in partial cross-section, of one possible enbodi mrent of the
fuel nozzle 51 (without the swirler 53 attached). The fuel nozzle 51

i ncludes an inner sleeve 65 used for the primary fuel circuit and an outer
sl eeve 67 used for the secondary fuel circuit. [0042] The primary circuit
fuel travels within the inner sleeve 65 towards a distal end having a
conical taper. The primary circuit fuel exits through an outlet in the

di st al the .- I Pr ef@r i i

ol ceve B he' 8 BAGKS 5 RRR O FRES] TR Ml WIEREY] Fovlds fhlaanas
centerljne CL of, the fuel zzle 51 (and . the |ongitudinal centerline t he
w1 | erthBEnG Aot rentuiion. e sner BeschBA S ot T ¢ hove o belfs 41 )
[0043] A plug 73 resides within the inner sleeve 65 near the neterina

ori fi canddilutiorehqlesdp tp3ntreduct sepondary aisae theccavinet bl heggmbastionthpdesdimpdy of
fuel to the netering orifice 71. A cap 79 attached to the inner sleeve 65
spri ng dilutiseboleh4S pidube d@nagtomptocedsecreiits b alore nuifai ediidemperturs|ceptre. the
[0044] Figure 5 provides a detail ed cross-sectional view of the interaction

bet weeRate RE chdiBE Felédse Qithirbthe andbiistien Rhatibef 3o hélp réducs epixbiods, @A keer fhe pl ug
73 is uniformand includes a plurality of extensions 75. The extensions 75

abut t hgpiel t%ix?%tiﬁﬁeﬂfnelt ot tﬂ@\ﬂﬁ’teﬁﬁg&r@ﬂ@&fd@%ﬁe#ﬁb% el dovnRfredtbAPr My
si zed and spaced fuel g

passages /7 throu whi ch the fuel passes before

entering,the tering orifice /1. [0045], The.secondary. cisrcuit fuel travels
wi t hi n O fie pttusien degibe G}‘?fﬁ’é,ﬁ%f‘c?”f“i[aesfi fohe F‘ﬁh Pgegélgﬁﬁgﬁpegﬂr cuit fuel
travels within the annular void between the inner dianmeter of the outer

sl eeve 67 and the outer dianeter of the inner sleeve 65. The secondary
circuit fuel exits the outer sleeve 67 through a plurality of netering

ori fi cd803$] Tha expatisnal thenflovp past Hie domest? andaatpdhgqombustioprehambencgleng witkes
81 are concentrically | ocated around the |ongitudinal centerline CL of the
fuel nalzzdvarixieated by the fuel injector 31, creates toroidal recirculation zones. As seen in Figure 2,

the combustion chamber has an outer recirculation zone OZ and an inner recirculation zone 1Z.
The recirculation zones OZ, IZ bring hot combustion products upstream to mix with the
uncombusted flow entering the combustion chamber. The hot combustion products provide a

continuous ignition source for the fuel spray exiting the fuel injectors 31.

[0037] The engine 10 operates at a wide variety of power levels. Accordingly, the fuel injectors
31 must control fuel flow to meet these varied fuel demands. At high power levels, which create
the greatest demand for fuel, the fuel injectors 31 will supply the most amount of fuel to the
engine 10. Conversely, the fuel injectors 31 supply the least amount of fuel to the engine 10 at

low power levels, such as at engine start, idle and snap deceleration.



[ 0046] Al though Figure 4 shows one type of secondary circuit for the fuel
nozzle a 51 (i. e. using individual netering orifices 81 ), the present
invention could use other secondary circuit arrangenents. For exanple, the
secondary fuel circuit could have a single annular orifice (not shown)
extending around the entire circunference of the distal end of the nedial
sl eeve 67. O, the secondary circuit could be an air blast secondary

circuit 00 Bl fu |1ﬁﬁEto?seﬂO&‘éaardﬁapélfc%}{'dfes@ﬁﬁﬁm@&%éﬂ %?ablesfhéledé‘ﬁx%nﬁ ngt shown)
with an r orifices (not shown) for ejécting pressurized air. The air

annul éﬁ%ﬁﬁ%ﬂif%ﬂé?ﬁ}oe&%ﬂfs Liuofs € GO PR oS8 1) el

[0047] The outer sleeve 67 includes an enji n al i tht e nmetering
orifi cesegandagy fﬁﬁlecmqﬁépp jeg &usd tastpe engiage ﬁeﬂkmg @g Paweg%ggﬁﬁé red fuel
to exit the nozzle 51 without interference. [0048] At high power |evels,

al | of sphaingudighppvarilévetss power Sdtisgippivg idleel to the conbustion chanber.
As mentioned earlier, high power can be any power setting above idle. At
such hi gh power Ievels, as nmuch as approximately 90% of total fuel flow
passes through the secondary fuel circuit (i. e. nmetering orifices 81 ).

Conver §9039] Hife Bris BFpeipddiob vieh GUhd fifel injtor W1 BHd M) @fdcior G¢ u?cluaes @%&unt s
for the renmining approxi mately 10% of total fuel flow during such high

power EI‘R)PQIFtS'I %H@ a S{N ?e‘t“%b sﬁltloﬁr%‘fﬁﬁggﬁe{g@\&ih@'z% 5. PtuE'IaF {;ﬁfgxlfslaﬁ?ﬂ%tr g m%Héfnﬁ cfzoul d

stop f erin eavi ng

orific . t he r ontr t out e 100%of t he
Dot al rildidends e aies niee ragur f BF Pepless e R 8RR of GPei maga
control system!|O could reduce the fuel flowto the metering orifices 81.
Rat her 0 terdiffusep passgnetphpwa) ofthe enging (b The syvirkes 53 sypieadhn cjiben meidlyl raquigs

m ni mal anount (e.g. 10%or less) of the total fuel flow to pass through

t he mettethendpnur 35 ofabs c@tbusiihe cormmben anslidablytinamtofo thotdahe BadDuriigangire. g. at

| east 90% would travel through nmetering orifice 71. [0050] As discussed
above, dsfegntiyehe firkad2le>l ided Mo the eailEr SBnvention creates a skewed fuel

[0040] The swirler 53 concentrically surrounds the nozzle 51. The swirler 53 has a passageway
61 with angled vanes 63 therein to impart a rotation to the air A supplied by the compressors 15,
17. Preferably, the direction of rotation is counterclockwise. The rotating air A impinges the fuel
spray and imparts a rotation to the fuel. The vortex created by the swirler 53 helps control the

flame in the combustion chamber.

[0041] Figure 4 shows a side view, in partial cross-section, of one possible embodiment of the
fuel nozzle 51 (without the swirler 53 attached). The fuel nozzle 51 includes an inner sleeve 65

used for the primary fuel circuit and an outer sleeve 67 used for the secondary fuel circuit.



spray pattern. Specifically, the primary fuel circuit of the fuel nozzle 51
produces the skewed fuel spray pattern. The skewed fuel spray pattern of
the primary fuel circuit produces a non uniformty in the fuel/air ratio
Wi thin the conbustion chanber. Figure 6 provides a first alternative nethod
of creating the skewed fuel spray pattern. [0051] Figure 6 is a front view
of the inner sleeve 65. The skewed fuel spray pattern occurs because the

net er i Ngo42]iTHeGRinaly LiscuifuePraiRlsHvittin Gelifihe? slebRsb B RMardshediser @idiagingra fi ce
71, while still |ntersect|ng al ong the Iongltudlnal centerline CL, has an

eccent rc'oﬁlcalhg]ge? T Flﬁé glﬁh nit ke e)gﬁttﬁl o'uQH a1 bt dt ?ﬁa’thz lilslﬂﬁ%ng of ﬁlle%%gﬁg"e

shape, suc I gure so displays the orientation of the

obl ong fi.ce .71 relative to th i nder aody. This
o1 ent 451 Bistauft S it Hepis e Hl Wﬁt‘fﬂwﬂﬁcﬁEiﬂatfle}ewﬁ@s P iors 33
and w || cause excess fuel to concentrate in_ the Vicinit% | i ner, 37,
[0052] Imgiudmabeeniesling ghoftheduelyiogrde 5 (andebedongitydipal senteiling of the sorrlereidap) v
two overl apping circles define the el ongated shape of the nmetering orifice
71. At sireashe ssviderof3 is henaenirizl wigh thardeel prjedter HDl y bot h, has a dianeter d. One
circle is preferably concentric with the |ongitudinal centerline CL of the
fuel nozzle 51. The other circle preferably has an offset o fromthe first
circle (and fromthe |ongitudinal centerline). The offset should be |ess

than agm sngmg 73R R ST R n AR ROV 6Pt heOndoithg &iﬁééOHQ*Fhéiﬁl% mibed as

an obl ong, shapes and arrangenents of the neterlng or| ice 71 could

be used to ske el tter 0]
P gur edoue R G RS EENEHe e Rum DR s theR R E it TP ARSI PR
ot her t s of nozz sho i g , in sl,eeve 265 of the
convent? Biedmesal zveeéf%gm@%e 35F% @%ﬁaéambtﬂsmsral ead ohthe impkE Slp¥eer | ng
orifice 271 is concentric with the |longitudinal centerline of the nozzle.
[ 0054] As shown in Figure 12, an inner sleeve 365 of the conventi onal
nozzle has a netering orifice 371 offset fromthe |ongitudinal centerline
CL of {0t44hdzznires pravidsshealetaned doss-sdetional ividveef 187 intetogtonrietweentthe smet t he
| ongi tudi nal centerline CL of the nozzle. Al though shown as circular, the
Met er i REens 65 ipethdFlugCBUtkheboaimian, thbpRES3 iEotifimsrnaduddsni fladitat es
Pat ent nunber

extensions 75. The extensions 75 abut the inner diameter of the sleeve 65 to define a plurality of

uniformly sized and spaced fuel passages 77 through which the fuel passes before entering the

metering orifice 71.

[0045] The secondary circuit fuel travels within the outer sleeve 67. Specifically, the secondary
circuit fuel travels within the annular void between the inner diameter of the outer sleeve 67 and
the outer diameter of the inner sleeve 65. The secondary circuit fuel exits the outer sleeve 67
through a plurality of metering orifices 81 in a distal end of the outer sleeve 67. The metering

orifices 81 are concentrically located around the longitudinal centerline CL of the fuel nozzle 51.



5,267,442 describes an elongated orifice. [0055] Figure 7 displays a fuel
spray pattern 83 created by the netering orifice 71 of the present
invention and without interaction fromthe swirler 53. Preferably, the
spray pattern 83 is in the shape of a crescent. The crescent-shaped spray
pattern 83 should occupy an arc having an angle of greater than

approxi mately 245. Preferably, the angle is approximtely 270. Although

descr i D@g4sARhduE FEEME 4 SRAREonelthSe SN s8&SHAbryl diNaR FbARe ARUh6LAY Falie. sHemed
spray patterns defined by other s apes. 12 [ 0056] The crescent shape of

the Sprlﬂglvﬁﬁﬁfﬁégmz?oﬁf ge@%‘?zalzé]%‘ggeﬁﬁw%émg &Pﬁﬁ]ﬁs@%ﬁhex 95009(?29‘? c1rf:l.ggl -

concentration y sp e pea concentr at

| ocated at the 0|nt of the c The |on of the net rifice
75 ot £ SERnETA EET PG PR Eh el P uRi a8 Aol i SEEESORG ¢ he
peak fuel concentration 85 in the spray pattern 83. The fuel injector 51 is
posi t i chewnksextending arpendyiba kntaesicgslersnist ohtheuissa] endobthgaanadinl sleewnd . Ky,
swirler 53 and upon ignition, creates a correspondi ng peak flame area)

r eachegshasezehdary edcyposivid enanadit biiast sedvadenyrdingsit.i Amaic basdsecortdaryhatqpitasedi | i ze
the flame within the conbustor 29. This feature will be discussed in nore

detai | Jagilional Jd0& noFsHBWne withi asindavareiées (12 Khdveh)ifor 4j8Rind PAShriRaMir. The
di rection, of one sectlon of the combustion chanber. The figure displays

flame pAlighdSeRfa %h é‘?i @%'d?élgf H%rd‘é?x%l%hc%llﬁ&?tw'aﬁg‘tﬁé Aol Sgclggdasrgev\ed

fuel spray pattern eW| se produces a s pattern 87. The
arrangerren the s 31.1 conbustor 29 creates an overl ap
89 bet WE&EH g‘iﬁﬁ%g%t }elaérrlg %Salﬁ%?tﬁg“ ?‘5&58] The flame patterns 87 of the
present invention display an area 91 haV| ng the greatest, or peak, flane
concentration. Preferably, the peak flanme concentration 91 is adjacent a
recircul ati on zone in the conbustion chanber for flame stabilization. As
seen i 0@ 7g e ogier sleevep@hinciberan epsniog it/ péighaswigh theanaeringwsifgtArin the
recircul ati on zone OZ. The peak flame concentration 91 is al so positioned
adj acentner kiee /&Y. [Thp oB&hing bt albevethe tretepéd furel w@rexitnige tdreleppdakitliduame
concentration 91 in such a manner becone cl ear upon a conparison with other

types Gfiterferésdees.

[0048] At high power levels, all of the metering orifices 71, 81 supply fuel to the combustion
chamber. As mentioned earlier, high power can be any power setting above idle. At such high
power levels, as much as approximately 90% of total fuel flow passes through the secondary fuel
circuit (i.e. metering orifices 81). Conversely, the primary fuel circuit (i.e. metering orifice 71)
accounts for the remaining approximately 10% of total fuel flow during such high power

conditions.
[0049] At low power levels, the fuel control system could stop fuel flow to metering orifices 81,

leaving only flow to metering orifice 71. In other words, the fuel control system would route

100% of the total fuel flow through the metering orifice 71. Alternately, the fuel control system

10



13 [ 0059] For conparison, Figures 10, 11, 13 and 14 denonstrate the fuel
spray patterns and flane patterns of the two other types of nozzles. The
nmetering orifice 271 shown in Figure 9 produces a symetrical fuel spray
pattern 283, preferably a toroid as shown in Figure 10. Ignition of the
fuel spray pattern 283 |ikew se produces a flame pattern 287 in the shape
of a toroid as shown in Figure 11. Adjacent flane patterns 287 may form an
over | apowl8 YeduO B2Ghel By fEihe hich@ing orifice£s 1B Ratteh ehan sioppinigquélgloly iy fglces a
symmetrical fuel spray pattern simlar to the spray pattern 283. Due to the

of fset fromlongiidish Dfw & GDhieta1 biABuntROWeMRE or 188 of PR (BRERRMIoRfto bR

swirler vortex on tﬁde ue% spray pattern produces a flanme pattern 387 such

oz o B be (e iiaty bl T Aol BERER O T sh IE L ANERPUATTL 1o

patterns 387 do _not overl ap. Instead, discrete areas exist between adjacent
flame pevidiavel hrughdgnetpang géficedfl- over | ap, these discrete areas define col d
regions within the conmbustion chanber. [0061 ] Cearly, the positioning of

the peak flame concentration 91 is an inportant aspect of the present

i nvention. Conparing the |location of the peak fuel concentration 85 in

Fi gur e [0050D Asliiscligeatbor, tk fidlacpaaR] bf aepraemdavintiah cated i skewdd fyelr e 8,
the inmpact of the vortices created by the swirler s 53 is easily seen. The

SV T | Ckpk0 bhifotn MRCHRLIM. o6k SliRarh 98 cb@UE! BORREALEAL b PProdlcds MBI Red

| ocation of the peak fuel concentration 85. Since the swirler 53 creates a

count e i . I 1 1syr d

counte rrﬁgﬁll g@ém@g‘ﬂ%{%ﬁﬁm Flvélwplglgﬁﬁﬁéleﬁg At%ﬁ%@ﬁ? § g@%%ﬁg@rcﬁﬁ P ﬁ'osd[u(sgs%ﬁ (ﬁT n order
for the peak flame Cﬁncentrat i.on 91 tbo be | oc telq. acéié cent, the desired

reci r cUPEQTHEY 1 Sftughifr fago putyn e cambyshan chamagy Figy %E’é’wdﬁﬁél irst
concentration 85 nust be arranged at a rotationally upstream position. Wth
t he coakgrastseserbpdel gogtingdhe skowed fuel perak PARSR. concentration 85 is
preferably rotated clockw se relative to the desired position of the peak
flame

[0051] Figure 6 is a front view of the inner sleeve 65. The skewed fuel spray pattern occurs
because the metering orifice 71 is not a perfect circle. Instead, the metering orifice 71, while still
intersecting along the longitudinal centerline CL, has an eccentric shape. Preferably, the
metering orifice 71 has an elongated shape, such as an oblong. Figure 6 also displays the
orientation of the oblong orifice 71 relative to the remainder of the fuel nozzle body. This
orientation ensures that the swirler 53 will bring fuel to the ignitors 33 and will cause excess fuel

to concentrate in the vicinity of liner 37.

[0052) Figure 6a is a detailed view of the metering orifice 71. Preferably, two overlapping
circles define the elongated shape of the metering orifice 71. At least one of the circles, and
preferably both, has a diameter d. One circle is preferably concentric with the longitudinal

centerline CL of the fuel nozzle 51. The other circle preferably has an offset o from the first



concentration 91. The specific anount of rotation depends. for exanple, on
the rotational speed of the vortex and the |ongitudinal distance away from
the nozzle 51. [0063] The arrangenent of the fuel injectors 31 of the
present invention provides several inprovenents over conventional fuel
nozzl es. First, overlapping flane patterns 85 from adj acent fuel injectors
31 allows for heat transfer therebetween. SLICK heat transfer could allow

for a degle@aefibf thdRnkHedihal dentedined Tk ofS@rthbhlowe Wss efanappiidddyahel y 30%
In addition, by placing the peak flame concentration 91 near the overlap

89, th } { bi - 30 re i,nsthe fuel/air
ratio g{r@qagig;}? g?/\)g@ eg’T(ﬁiﬁs]d?{ ul{rht0 ﬁ%@ &Iérsgl u%it%%%ﬁ%gfs&lgb%g%%hg&ssiaﬁge t he peak
flame concentrati 91 increases,th e rature within .t over | 89.

[ 00641 SBOGEPER R G ik 71 PAA bE ONCLAPHAEFE R S PR refBrmo i e
recirculation zone OZ creates higher tenperatures in the outer
recirculation zone Z. Since the peak flame concentration 91 exhibits the
hi ghest tenperature of the skewed flane pattern 87, the outer recirculation
zone Wi [D053 |0 cemparison, Bighieg Bend 1 2 dpepastategwoEnebodinb@rts ofguimary fedl icoruisone
QZ transpoirts this high tenperature upstreamw thin the conbustion chanber

to m X ofotHer types bNEeaiRY.SA £eholnaW Festh€9, Aidniidie]ee@TDasSHfl (b caiiventidial ndzes
i nproves the lean stability of the engine 10. 15 [ 0065J Despite the

hon- U”iHa%g]rEﬁl%J thékfing 8ifi& 371, The pRferi Ibgtﬁgéh mﬁﬁstconée%cewﬁ ﬂa}ﬁ%_l iftiral

provi des adequate snoke characteristic i gh power. Specifically, the

SeCOnd%%Xteh%%lofﬁ{ern%%l%. ensures adequate snoke characteristics. Differently
than the primary cifcuait, the secondary circuit provides a uniformfuel/air

ratio to the conmbustion chanber. At high power, the fuel flow through the
primary circuit is insignificant - accounting for only approximately 10% of
total fuel flow The_remaining approxi mately 90% of total fuel flow travels
t hr ougHO093 Ascsbowaan Figerg Bian Inngy pleever398 of therionverdionalgwezle das afmetesingl  f uel
flow to the conbustion chanber is at a uniformfuel/air ratio, excessive
snoke iosificeB7holishl foch the hengindinelndenterlrertli ofithahezrladhiotheesotdsethe osifiok e
characteristics without a significant increase in NOx em ssions. [0066] A

second 3"]'3 '&:le&lésr‘r&it liersece theoldngitudeiae aéritétiné OB oF evwedzleUglthsughalioRats eifcula t he
primary fue
the metering orifice 371 could have other shapes. For instance, United States Patent number

5,267,442 describes an elongated orifice.

[0055] Figure 7 displays a fuel spray pattern 83 created by the metering orifice 71 of the present
invention and without interaction from the swirler 53. Preferably, the spray pattern 83 is in the
shape of a crescent. The crescent-shaped spray pattern 83 should occupy an arc having an angle
of greater than approximately 245°. Preferably, the angle  is approximately 270°. Although
described as a crescent shape, the present invention could create skewed spray patterns defined

by other shapes.
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circuit involves changing the shape of the plug 73 within the inner sleeve
65. Specifically, the shape of the plug is altered to create a non-uniform
arrangenent of fuel passages. Figure Sa displays one possible shape for a
nodi fied plug 73'. The plug 73" creates a non-uniform arrangenment of fuel
passages 77' by renoving one passage. Instead of elimnating one
passageway, another alternative (not shown) would be to reduce the size of

the fugbostpaIsRaRwent shdpeif tHSray! JabE a3 dteatest ddeured §PoXIL BRE:, @fpetlgudluel
passages produces the non un| ormfuel flow through the netering orifice

(whi ch | e u&1 ‘q@:ﬁ Sﬁ“t'é' Qﬁpﬂ@p&) entRtiol 85 & Weftbd ‘ftuttolé‘;)]lapfnﬁltmf S

non- uni® spray pattern. ensure
pr oper nnen 73' e |nne | eev t.he .i nner

S eeveﬂg‘is"rg?%ﬁtl 650 Ltt? s S b HGRCs gt Enggenek i it g fr om
the plug 73 ThIS alloms 16 the fuel ray pattern 83 to be | ocated so
that t esppesikleforgieating ﬁh@pﬁakéwl@ﬁn@mratsoref @ﬁh@jsnmt pattere8p ihe fuel injector
recircul ation zone OZ. [0068] The present invention has been described in
connectsil anpasitidnet se that dfegrealegiee 8D ¢athicknipen drdtetabtgon/om dhesswirlgufsand uggoni s t o
be understood that other simlar enbodi nents may be used or nodifications

and adgiiien) ereatey akerreBRading peilef s slehpeacheih oelediedpositivn Wikihakdr ng t he
sanme function of the present invention wthout deviating therefrom

Ther ef Qpfpudt % cRAf b b V%ﬁttzﬁ.éghéﬁétlgé Gmgﬂ.hth drhbttﬁt&r% TRis 3urs W18

enbodi nment, rat er construe rea scope 1 n accordance with

t he re%ﬁstc@é[s'e Pn r(r)ltz)retc{teeaulatpeﬂ)ended clains. |7 CLAI M5

[0057] Figure 8 is a view, looking in the downstream direction, of one section of the combustion
chamber. The figure displays flame patterns 87 of two adjacent fuel nozzles 31. Ignition of the
skewed fuel spray pattern 83 likewise produces a skewed flame pattern 87. The arrangement of
the fuel nozzles 31 in the combustor 29 creates an overlap 89 between adjacent flame patterns

87.

[0058] The flame patterns 87 of the present invention display an area 91 having the greatest, or
peak, flame concentration. Preferably, the peak flame concentration 91 is adjacent a recirculation
zone in the combustion chamber for flame stabilization. As seen in Figure 8, the peak flame
concentration 91 faces the outer recirculation zone OZ. The peak flame concentration 91 is also
positioned adjacent the overlap 89. The benefits of orienting the peak flame concentration 91 in

such a manner become clear upon a comparison with other types of nozzles.



What is clainmed is: 1. A fuel nozzle having a | ongitudinal centerline, the
fuel nozzle conprising: an inlet for receiving fuel; and an outlet for

di scharging fuel; wherein said outlet intersects the |ongitudinal
centerline and produces a skewed spray pattern. 2. The fuel nozzle as
recited in claiml, wherein said outlet has a netering orifice with an
eccentric shape. 3. The fuel nozzle as recited in claim2, wherein said

eccent Lﬁoﬁsﬁ W%oﬁgmfhh,sggu&mj Aap gé B6d €4 B&hESstrat-thd AR {8) pdiRAH #ddfhme

recited 1n'claim erein one of said overlapping circl'es has a di aneter

(d), and.an unt sajd.cife i .

bt o e @ §F Bahro Snef HrBS RS PheaRbE LB B 7Rt F iy PO g roducesa
amount of offs IS appr.oxi ely 0,25d. 1 6. The.fuel nozzle recited
e i e Fusl Sah P O b eb it RS oA HEN 01T es o e Bla
pl ug adjacent said netering orifice, said plug having fuel passages in a
non- uniSpeayrnagiemadgdikewise produaes aiBame pattesn 887 incberphaps ohg toraidiagshovip ity | e
having an outlet for discharging fuel; and a swirler adjacent said fuel
nozzl e FgaehavAdigcant flanielpetterho?8 Hingy fanmginyedaf &83.d concentric with said

outl et of said fuel nozzle; wherein said swirler discharges the fluid to
produce a crescent-shaped spray pattern in the

[0060] The metering orifice 371 shown in Figure 12 produces a symmetrical fuel spray pattern
similar to the spray pattern 283. Due to the offset from longitudinal centerline, however, the
impingement of the swirler vortex on the fuel spray pattern produces a flame pattern 387 such as
that shown in Figure 13. The flame pattern 387 of the conventional fuel nozzle 351 occupies a
narrow arc of less than 180°. Note that adjacent flame patterns 387 do not overlap. Instead,
discrete areas exist between adjacent flame patters. Due to the lack of overlap, these discrete

areas define cold regions within the combustion chamber.

[0061] Clearly, the positioning of the peak flame concentration 91 is an important aspect of the
present invention. Comparing the location of the peak fuel concentration 85 in Figure 7 to the
location of the peak flame concentration 91 in Figure 8, the impact of the vortices created by the
swirlers 53 is easily seen. The swirler vortex has rotated the peak flame concentration 91 from
the location of the peak fuel concentration 85. Since the swirler 53 creates a counterclockwise
vortex, the peak flame concentration 91 is rotated counterclockwise from the peak fuel

concentration 85.
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fuel discharged fromsaid outlet of said fuel nozzle. 8. The fuel injector
as recited in claim7, wherein said crescent-shaped spray pattern occupies
an arc of greater than approximtely 245. 9. The fuel injector as recited
in claim8, wherein said crescent-shaped spray pattern occupies an arc of
approximately 270. 10. The fuel injector as recited in claim7, wherein
said outlet has a netering orifice in a shape of overlapping circles. 11.

The f_”ﬁéOéijhfSﬁd@f fo"f‘?n fﬁkhﬁ&e'cen&hﬁhﬂiﬂn@l Wb%ﬂ@da&dsa@jééeﬁ%é 8dsie@npri ses a
nmetering oriftice and pl ug adj acent said netering orifice, said plug

havi ng ﬁécgr?:{llgp %i%&%&?glt%g&g{%qpe ik Jag r831 t%(t, gﬁ(%gp&ﬁlc r&l%{lo% %g (r:l}%fgt éée{rr?h%rgﬁ%

sectio ngine,

plurality of fu injectorgs f rOV|d|n . onb i on chanber;
wher ei At atotationa YBW@"’%“P pesifign '@B ﬂ?erﬁoéleieg"rl%"llj‘ﬂ‘f’ § g‘WeRﬁgg%"Fq?arre pattern
in said conbustion chanber, said flanme pattern having an overlap with a

fl ame penceatrationr&Sris archdblacr@tnted shskwisefrelative taj Jﬂm!etsrr@c? pastionmofghe peakdtame
section as recited in claim12, wherein said fuel injector has a netering

ori fi ceodcentrationcalhe s;gacffweimomabﬂomﬁbh depends;iforgexampbs; op e iotativhappeedl 4.
The burner section as recited in claim 12, wherein said skewed fl ane

pattergfine v@h@smemmaimaﬂcﬁsm@a%mwfmthé%tzwm as recited in claim 12,
wherein said conbusti on chanber has a recircul ati on zone, said skewed flarre

pattern having a peak flane concentrati on adjacent said

[0063] The arrangement of the fuel injectors 31 of the present invention provides several
improvements over conventional fuel nozzles. First, overlapping flame patterns 85 from adjacent
fuel injectors 31 allows for heat transfer therebetween. Such heat transfer could allow for a
decrease in the fuel/air ratio at lean blowout of approximately 30%. In addition, by placing the
peak flame concentration 91 near the overlap 89, the engine 10 could exhibit a further 20-30%
reduction in the fuel/air ratio at lean blowout. This further reduction is possible since the peak

flame concentration 91 increases the temperature within the overlap 89.

[0064] Second, placing the peak flame concentration 91 adjacent the outer recirculation zone OZ
creates higher temperatures in the outer recirculation zone OZ. Since the peak flame
concentration 91 exhibits the highest temperature of the skewed flame pattern 87, the outer
recirculation zone will also exhibit a higher temperature. The outer recirculation zone OZ
transports this high temperature upstream within the combustion chamber to mix with the
uncombusted flow entering the combustion chamber. This improves the lean stability of the

engine 10.
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recirculation zone. 16. The burner section as recited in claim15, wherein
said recirculation zone conprises an outer recirculation zone and an inner
recircul ati on zone, said peak flane concentration adjacent said outer
recircul ation zone. 20 17. The burner section as recited in claim 15,
wherein said peak flame concentration is al so adjacent said overlap. 18.
The burner section as recited in claim12, wherein said fuel injector has a

| ongi t g@embe@ﬁw {BE hbABnAGEh ARY/AY RN fﬂ%fprﬁha%g: kaedt, rﬂge éﬂgﬁ{e, 1054l Iprowilset
intersecting said |ongitudinal centerline. A nme of inproving

T S AR AR 55 3P A
o SR MSLae SR e SR o el Tl

pattern creating a fuel non uniformty in the burner section; and

over | appividesgaindfosn duad@irfratimis thaearabystion chaneber| Atrhiglpewes thedreldlovadj acent
one of said fuel injectors. 20. The nethod as recited in claim19, wherein
sai d f ti@bughnihe ptigtarhascuit ipinsipaificant +acoountiap doreondeampmebamptety it @Xaiof xot$1a°uei
skewed fuel flanme pattern produced by said primary circuit. 21. The net hod

as reciffo@d The réix‘)a’fihiﬂ% ABproxiaei &y 9oFkAWSE fubPidy BatdlSihfouiRthésdeBidary biadst.

concentration, and further conprising the step of placing said peak flane

concentt Al il ke Bbridf 0P VoAl 188 RS WRAD coiRbil Sk Efthel t AR RAbEE ik a2l

ratio, excessive smoke is not produced. The present invention also achieves these smoke

characteristics without a significant increase in NOx emissions.

[0066] A second alternative method of creating the skewed fuel spray pattern in the primary fuel
circuit involves changing the shape of the plug 73 within the inner sleeve 65. Specifically, the
shape of the plug is altered to create a non-uniform arrangement of fuel passages. Figure 5a
displays one possible shape for a modified plug 73°. The plug 73’ creates a non-uniform
arrangement of fuel passages 77’ by removing one passage. Instead of eliminating one
passageway, another alternative (not shown) would be to reduce the size of the fuel passageway.
In either alternative, the arrangement of the fuel passages produces the non-uniform fuel flow
through the metering orifice (which may be elongated as described above, or merely circular).

This non-uniform fuel flow produces the skewed spray pattern.

[0067] To ensure proper alignment of the plug 73° within the inner sleeve 65°, the inner sleeve

65’ could have a keyway 97’ that receives a spine 99’ extending from the plug 73°. This allows



22. The nethod as recited in claim21, wherein the burner section has a
recircul ation zone, and further conprising the step of placing said peak
fl ame concentration adjacent said recirculation zone. 22 .AS3,.AS. 3. AfFE
.AS3. Af . A YY .AS . Afly. ASF. AS3y. A, A3Y
. Af . Fy. A@re. Af Ye. A, Ye. A@GAYy. AyF. ASR AS3. A@. ASh3. Af F, <! w0] 3HLh: N%6 =
"}xsnid_Z] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] C"%]m@ﬁﬂe?ﬂ; %aéﬁéh?gﬂ fPdCBt el §&BRht (B peak flame concentration 91 is aligned with the
YuY3Vf 3s cal cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]
calcalcalca a] ca] ca] ca] ca] ca! +x{ Vg*<e#CGd{ vql gb] X] ca] ca] ca]ca]c
al ca] cé]%leé JC I?Lﬁfllclg?éne@%a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca
] ca] ca] ca] caI U~ 51TV " #t ##! $$3;
WeB&E b "' (f(((a))}wmhc”Y]]ca] ca]ca] ca]ca]cal]ca]ca]ca]calca]ca]cal ca] ca]
cal ca] cal ca] ca] ca] ca] ca] ca]ﬂ éﬁ?] calc é‘ca] calca]calcal))) (***+{++B, -F
.1 o/ 1 dP&8] iThe presp-iBBIKOR jreegnaegtion) vae] e pregreed @al]c@apelaf c a] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] cal R4T444450552666
1777797 dad8sious ﬁgures. It is to be understood that other similar embodiments may be used or
; <lI <<=d===Y>~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]
ca] ca] GaAldinlHiohs alcakiaris Ayeraddead gr\des@ivea einbadinent Bl GFrdnnhe BRESHe
D DDDFEEEGGAE HHHCI |1 2JzJJ;

ARG e
cal ca éﬁﬁg@ﬁ% Wﬁ%@% ?s%ﬁle?%%%ﬁéﬁ%aﬁh Sk 3L SRh Aok o oo

AYyNA a?bbbc} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
cg]lgg][ @8‘]%%‘]%5]"6’5‘]"3%]363]‘%] in\]“c%l]l’é& ! lﬁ]ll‘%}ﬁ]]]sca] ca] ca] ca] ca] ca] ca]! c‘%]ccc]; Jeal
ddd/ eSe<ePeeee7f @ffggl gg! h(h. hhhhi Ri i1 0jfj}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca!'fjjjHkokkkH 1111 mAm

n! nnno%zoooHpppp+qBqqgr ar zr } xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aJ cal calcalca]ca]calcalcalcalca]calcalcalcalcalcalcalcalca]calzrrs[ssssEttt
Qu~uuu7vKvNvzoooHpppp+gBgqrarzr} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]cal calca]ca] calca]ca]ca]calca]ca,<!iK-f 10
%& ()-f1l09%& ()-y3s!10%& ()-#109% ()-yl0%& ()-10%& ()-3@O0% & ()-& wWi]i K-S "
109%& ()-f9%8 109K ()-f !s10%& ()-f3&P109& ()-f#109% ()-f"109%& ()-y 109%& () -]
3HI i K- #910%&' () - S4109& ()-Sy2 109& ()-SLOM 10%&' ()-S

CH10%& () -S, "109%& ()-S)9%10%&' () -1 IJKLh: Ni K#910%&' () -y109%&' () -f#10%&' () -
109%& ()-LI"10%& ()- 310%& ()-101010N% =
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2. The fuel nozzle as recited in claim 1, wherein said outlet has a metering orifice with an

eccentric shape.

3. The fuel nozzle as recited in claim 2, wherein said eccentric shape comprises overlapping
circles.
4, The fuel nozzle as recited in claim 3, wherein one of said overlapping circles has a

diameter (d), and an amount of offset between said circles is less than approximately 0.5d.

5. The fuel nozzle as recited in claim 4, wherein said amount of offset is approximately

0.25d.
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with said outlet of said fuel nozzle;

wherein said swirler discharges the fluid to produce a crescent-shaped spray pattern in the

fuel discharged from said outlet of said fuel nozzle.

8. The fuel injector as recited in claim 7, wherein said crescent-shaped spray pattern

occupies an arc of greater than approximately 245°.

9. The fuel injector as recited in claim 8, wherein said crescent-shaped spray pattern

occupies an arc of approximately 270°.

10.  The fuel injector as recited in claim 7, wherein said outlet has a metering orifice in a

shape of overlapping circles.

11.  The fuel injector as recited in claim 7, wherein said outlet comprises a metering orifice
and a plug adjacent said metering orifice, said plug having fuel passages in a non-uniform

arrangement.
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combustion chamber, said flame pattern having an overlap with a flame pattern from an adjacent

one of fuel injectors.

13.  The burner section as recited in claim 12, wherein said fuel injector has a metering orifice

for discharging fuel, said outlet having an eccentric shape.

14. The burner section as recited in claim 12, wherein said skewed flame pattern is crescent-
shaped.
15. The burner section as recited in claim 12, wherein said combustion chamber has a

recirculation zone, said skewed flame pattern having a peak flame concentration adjacent said

recirculation zone.

16.  The burner section as recited in claim 15, wherein said recirculation zone comprises an

outer recirculation zone and an inner recirculation zone, said peak flame concentration adjacent

said outer recirculation zone,
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( ) 8. he(bumer gee:%gg asp re%lted J%Iczlalm 12, wherein salc? fuel mjector has a longitudinal

centerline and an outlet for discharging fuel, said outlet intersecting said longitudinal centerline.

19. A method of improving stability of a flame in a burner section of a gas turbine engine,
comprising the steps of:

providing a plurality of fuel injectors;

supplying fuel to said fuel injectors so that at least one of said fuel injectors produce a
skewed flame pattern in the burner section, said skewed flame pattern creating a fuel non-
uniformity in the burner section; and

overlapping said skewed flame pattern with a flame pattern of an adjacent one of said

fuel injectors.

20.  The method as recited in claim 19, wherein said fuel injector has a primary circuit and a

secondary circuit, said skewed fuel flame pattern produced by said primary circuit.
21.  The method as recited in claim 19, wherein skewed flame pattern has a peak flame

concentration, and further comprising the step of placing said peak flame concentration adjacent

an overlap between said skewed flame patterns.
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