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7 OCTOBER 2005 FUEL NOZZLE PRODUCI NG SKEWED SPRAY PATTERN TECHNI CAL FI ELD

[ 00011 This invention relates to a fuel injector used i n7DdroBER2088Cti on of
a gas turbine engine. Mre particularly, this invention relates to a fuel
nozzl e that produces a skewed fuel spray pattern. BACKGROUND OF THE

| NVENTI ON [ 00021 Each successive generation of gas turbine engine typically
represents a marked inprovenent over the earlier generations. Various
factors, such as environnmental inpact and ercelved cust oner requirenents,
hel p spur the i npFUEEMNAZELEPROREWINENSKEWRIA SBRASBAAERN bur ner section
of the engine, where the conbustion of the fuel occurs, is no exception to
the need for inprovenent. [00031 A designer nust consider many factors when
devel opi ng the next generation burner section of a gas turbine engine. Such
factorf CHﬂh%qE}ﬁEEt/alr ratio operating range, snoke-free tenperature rise
capability, lean blow out, NOx em ssions, stability, conplexity, weight and

cost. [IHQ%IE]OH%Q fl ?o' nrte ate% tggl Jf‘]l i @%’tgpﬁgedqg E%Lh{e?gec?@ﬁ offﬁ(‘gég) furDiR¥ eﬂ%\‘@ been a

signif ne ano exa esi gner
consi der u5|n uble annul ar t or t her than a si.ngl.e annular
C oo b e Db AR e i ing e oels el Rodubes b skep el Ats! SoBRy 1 o

i nprove | ean bl ow out. However, such a solution inpacts other factors -
nanel ypateinght , conplexity and cost. 7 OCTOBER 2005

BACKGROUND OF THE INVENTION

[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, stabili't};, 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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DI SCLOSURE OF THE | NVENTI ON [0004] It is an object of the present invention
to provide an inproved burner section of a gas turbine I LOQAOS] It is
a further object of the present invention to provide an ?9%?93552@%e|
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. [00081 It is a

f urt hep[SojOSTURPOOF THEANTENITIONwventi on to provide a fuel nozzle that
exhibits an inprovenent in one or nore characteristics of the engine

wi t ho i G T ' ' : kish t he
engi nd OB T L B B B g R oF & 22 ovi e a
fuel nozzle that inproves lean stability. [0010] It is a further object of
the pridQ8K¥Wention to provide a fuel nozzle capable of increasing the
tenperature rise capability of the conmbustion chanber. 2 7 OCTOBER 2005
[0011] It is a further object of the present invention to provide a fuel
nozzle that exhibits a lower fuel/air ratio at. |ean bl owout, and provides
a hi gHee05) dis atfirigerobjegeof the le3pnt Theention triproviserandmpeaved fedl injRetop pétbiemt

i nvention are achieved in one aspect by a fuel nozzle, conprising: an inlet
for rarebwvhéigettirl.; and an outlet for discharging fuel. The outl et

[0006] It is a further object of the present invention to provide an improved fuel nozzle within

the fuel injector.

[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.




intersects the longitudinal centerline of the nozzle and produces a skewed
spray pattern. [0013] These and ot her objects of the preg@UCTOBBR2®S ON 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. The swirler discharges a fluid concentric with the outlet of the
fuel nozzle. The fluid discharged fromthe swirler produces a

crescent - shaped spray pattern in the fuel di sﬁhar ?d fromthe fuel nozzle.
[ 0014] [0PhEE ismnrbenehi e f e Rregnt e PReV! %%é‘?ﬁ neFFlG t%?@%‘?‘é%ﬂek?weﬁ

anot her aspect by a burner section of a gas turbine engine, conprising: a
conbusfuebir ciiarmbkan biovebus, guidyravidesya lmighénopleratingjrangeors for providing fuel to
sai d conbustion chanber. At |east one of the fuel injectors produces a
skewed flanme pattern in the conmbustion chanber that overlaps wth a flane
pattern froman adjacent fuel injector. [0015] These and ot her objects of

h | - ! | . . . i
e pr RSS! TG bAG 348 B6hEYSehln ARRUISE. RHRER PincuspBR bRtk

i nprov 0 a burner section of a gas tufbine engine.

The net ho conprises.the.steps.of. proyidin .ural i el .4.njectors;
sUpp! y IR SRR A AT FEPReR el Bt ke o i b ol et lL

i njectors produces. a skewed fla pattern . in the burner sectiogn, the 7
OCTOBERIZIS01S MR ORI dinal FEnBHine N i hazatsi g PROGHGE! 3 MBSt IPRORHIER i n t he
burner section; and overl apping the skewed flame pattern with a flane
pattern of an adjacent fuel injector. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0016] O her uses and advantages of the present invention will becone

appar efo013]oThdse s Gikied dtgekts bNtht Peesattinvyp@ion aef £htsved if anothee asppecby kcati on

‘and the drawi ngs, in which: [0017] Figure 1 is a cross-sectional view of a
t ur bof @) i8Je8oR &omprising: a fuel nozzle having an 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

(V3



[0018J Figure 2 is a detailed cross-sectional view of a burner section of
the turbofan engine of Figure 1; [0019] Figure 3 is a perspErdBBR2095 ew 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; [0021J Figure 5 is a cross-sectional view of the
distal end of the fuel nozzl e taken along line V-V in Figure 4; [0022]
Figure 5a is_a cross-section view of an .alternative, enbog t of L

di st al skeedofanatielffreaiing s g ’&OWL”@%F@EF%H TRYFS N2 Pee RPN ¢ ont

view of an inner sleeve of the fuel nozzle of Figure 4, show ng an openi ng

i n t he ski¢wsedallanenphttefrovith o fRingp patte Ot an adjagentfieldajegioaw of the opening in the
distal 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 of Figure 6; [0026] Figure 8 is a view fromwthin the conbustion

chanberg Eﬁg@m@@mﬁmymwmég of Figure 2, show ng the flane

pattern created by two adjacent fuel nozzles; [0027] Figure 9 is a plan view

of the [%%ﬁ %Jthe?rﬁgesogndaa'avbrﬂ fers o? gp\tg E inQCt o*ﬁ%l tﬁéegg%l fap&ét@ttt te(?ﬁc?sle%ktlle[ioozm

Fi gure an vi ew o ter n creat e opening In

di st al of the i nner sl eev of F|
in Hte art upon reference to the specification aI%J the drawmgs in which:

[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 5 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;



[0029] Figure 11 is a view fromw thin a conbustion chanber of an engine,
showi ng the flanme pattern created by tw adj acent fuel nbQET@BERZMWS as t hose
seen in Figure 9; [0030] Figure 12 is a plan view of the distal end of an

i nner sleeve of another type of fuel nozzle; 5 7 OCTOBER 2005 [0031] Figure
13 is a viewfromwthin a conbustion chanber of an engi ne, show ng the
flame pattern created by two adj acent fuel nozzles such as those seen in

Figure 12. BEST | FOR CARRY| NG T I NTI [0032], Fiqure 1 provides
a cr o$U23LEigusma s &/freqt vigw 9f @%Wﬁ&ﬁg‘fe Wﬁé"zf of §?%Hrf’ %‘nﬂ‘ogfmg i
upstreamend, or inlet 11, the major conponents of the engine 10 may include
a f anopeung orthd distahend;ow pressure axial conpressor 15, a high pressure axia
conpressor 17, a burner section 19, a high pressure turbine 21, a | ow
pressure turbine 23, an afterburner 25 and a nozzle 27. Generally speaking,
t he engine 10 operates as follows. Air enters the engine 10 through the
inlet 6'0124; FIRAYEESis aRRedilel RRv 81khe %Péﬂiﬁg\ inlBe dREA CHE SF GRMM R SREM BYFikhR
conpressors 15, 17, mxes with fuel, and conbusts in the burner section 19.
The gﬁses fromthe burner section 19 drive the turbines 21, 23, then exit

t he engine 10 through the nozzle 27. |If necessary, the afterburner 25 could
augnent the thrust of the engine 10 by igniting additional fuel. Conponents
of the engine 10 unrelated to the present invention are not discussed
further. EOQBB] Figure 2 is a detailed cross-sectional view of a portion of
t he bi003&} Figuea 7 isre plan vieMeof asipravepatisanerceiad by therppenimedn e distalendrofdberbust or
29, fuel injectors 31 and spark igniters 33. The igniters 33 light the

f uel / @iner steevewf Eigurodj ded to the conbustor 29 fromthe fuel injectors 31
tduring engine start.

[0026] Figure 8 is a view from within the combustion chamber and taken along line VIII-VIII of

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;



[ 0034] The annul ar conbustor 29 includes an inner liner 35, an outer |iner
37, and a done 39 joining the inner liner 35 and the out’7@CTOBER2085 at an
upstreamend. A cavity 41 forned between the inner liner 35 and the outer

| iner 37 defines the conbustion chanber. 7 OCTOBER 2005 [0035] The f uel
injectors 31 mount to the donme 39. The fuel injectors 31 provide fuel and
air to the cavity 41 for conbustion. The inner liner 35 and the outer |iner
37 have conbustion holes 43 and dilution holes 45 to introduce secondary

ai r t o[00R%] Biguiet i3 ig 2 viepn forowithist combmstienschembsnelf angengine, showigedhe Hamgi q” t he
conbustion process, create a nore uniformexit tenperature, control the
rate opatenecrgyted by as edjacdnh fuel nbzzlasoubluss those sshambEiguteol el p reduce :

em ssions, and keep the flame away fromthe inner liner 35 and the outer

i ner 37. Quide vanes 47 at the downstreamend of the conmbustion chamber
define the entrance to the high pressure turbine 21. [0036] The expansi on of

the fl @1?& it RifPgRt i on chanber, along with the
swirl g?’gg?\ngg;ﬁ?lﬂe ue?niq{r}ﬁ)eﬂcjz?g?l%lﬁvgreat@s toroidal recircul ation zones.
As seep igure 2,.. the conbustion chapber has an out ecirculation zone
o andl0asfh el Tubyider s Groneohd e of 1ee paBTEtheal B SERREHHR" ) 2 ot T ng
hot combustion products upstreamto mx with the uncopbusted flow entering
the cowtstistn&hd.cranplell, theraaike cormpensntstaf dhe greansuld may msiydge B0 segion Hudus
ignition source for the fuel spray exiting the fuel injectors 31. [0037] The
engi nelokOpregsareaixés campeesyardd, ¥ Aighqirgssule qamheompreswird 7, Abemedsestjby 19t1he f uel
injectors 31 nust control fuel flowto neet these varied fuel demands. At

hi gh pRigR brdsqretsbinehi Chlosy gatsare fulsin@? Bainesieritensng aharn dodglk 27t Genéralty
injectors 31 will supply the nost anopunt of fuel to the engine 10.

gggyﬁreﬁgegmg%}tﬁ@er{g% 10 SpeRsbOiStoRdws URP k)telNBe LEARE 1@IRYNL AF ifIvel 1, tAvtRe
past the:fan section 13, becomes compressed by the compressors 15, 17, mixes with fuel, and
combusts in the burner section 19. The gases from the burner section 19 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 fuirther.

[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.

[=)



| ow power |evels, such as at engine start, idle and snap deceleration. 7 7
OCTOBER 2005 [0038] The fuel injectors 31 use a dual circUOCTABERIO5t 0 neet
such variable fuel demand. A primary fuel circuit continuously supplies
fuel to the engine 10 regardl ess of power level. A secondary fuel circuit
supplies fuel to the engine 10 only at high power |evels. Generally

speaki ng, a high power level is a power setting above idle. [0039] Figure 3
is a perspective view of the fuel injector 31. The fuel injector 31 includes
a fuel nozzle 51 and a swirler 53 surrounding the fuel nozzle 51. Fuel F
enters an inlet 55 in the. injector 31 and exits through outlets (see

“Fi gur e [6033] 'Tht Higel igjgetbs 3 Imodrhieo tHealoneoxx Tae Biel finjpitoal3ll yprovda figel andait e
dlffuser case (not shown) of the engine 10. The swirler 53 typically either

rigidly ﬂgil £ CedntBisHONEr B Inde 115@1935’5}{33&1@ bht‘éf‘llﬁé}@mﬁle e6mBhitatiofesmunt s

to the During engi ne assenb y, the fuel nozzle 51 slides into the

A £ BB SR SRR s GRS R BoROBS o0 2

rotation to the air, A supplied by the conpressors 15, Pr ef er abl the
di r ect idgHtien heles 42 1id hs SeisHoR PCSEIGIOEE  MieTe UngPET g teé!mer%wenﬁ?waﬁéhet he

fuel spray and inparts a rotation to the fuel. The vortex created by the
swi 1 | ematgf prergisredaane within the combugtionichamber to balpusdicsremissionseand 15@@411? Fi gure
4 shows a side view, in partial cross-section, of one possible enbodi nent of
t he f dRmenoay|f®ndthe(inndrimet 35 aed haiontee tin&3B h(hxaﬂwm&s 4 Thatethé dewnsteeap] ends 1

i ncludes an inner sleeve 65 wused for the primary fuel circuit and an outer

fl eeve ¢f theldabubifn dHAMLSLESTEARY eftbiRlce € the Bigh pré&sure turbine 21.

[0036] The expansion of the flow past the dome 39 and into the combustion chamber, along with
the swirl created 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 IZ.
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.
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7 OCTOBER 2005 [0042] The primary circuit fuel travels within the inner

sl eeve 65 towards a distal end having a conical taper. TCTOBER20YS Ci I Cuit
fuel exits through an outlet in the distal end of the inner sleeve 65.
Preferably, the outlet in the inner sleeve 65 is a netering orifice 71 that
intersects the |longitudinal centerline CL of the fuel nozzle 51 (and the

| ongi tudi nal centerline of the swrler 53 since the swirler 53 is
concentric with the fuel injector 31). [0043] A plug 73 resides within the
i nner §1088)EhéBichigctarid] met edualgironit d¢scgn tpimeeThechptanigbleFuel demandgAas a
baffl e, helps regulate the supply of fuel to the netering orifice 71. A cap
79 att pehed fuéleifctie comitiouslly eeptied Sued oy the@npinad @seddidlessl afgporni@r &yal st t he
distal end of the inner sleeve. [0044] Figure 5 provides a detailed

cr Oss'gefé&fldr??}?ﬁlel Yik &Y ﬁpﬂgﬁg}lém%@&{gﬁmm&ny@%@ BewkrIR0Els. GéRexMe 65 and the

plug 7 I's enbo the plug 73 is"unitormand includes a plurality
of extensions.75. ThelFe>it,ensi ons. Zt5 al%ug 1the i nner dianeter of the sleeve
65 to ﬂ?ﬁ?lﬁ% 1gh BN IEVEL 4F 2 PRRPESHAS, QY E and spaced fuel passages 77

t hrough which the fuel passes before entering the netering orifice 71.

[ 0045] The secondary circuit fuel travels within the outer sleeve 67.
Specifically, the secondary circuit fuel travels within the annular void
bet weeP08Hekignisey is dipgrapeasivestiew éthsftdrinjstieed b B aldnjecios 3dundudesialvet er of
the inner sleeve 65. The secondary circuit fuel exits the outer sleeve 67

t hr oughozaleffl1 uindlai shwirl@f 53eir@uhdigg otid fuetezzi15 1l Fuel Rérsé¢ralan émlet 5 intthe igedter

sl eeve 67. The netering orifices 81 are concentrically |ocated around the

| ongi t idhedxits @b &H bRt PredFighteet)fib e 1022158 . Phe fikl AoZAeTSBERBiCANY Ind 1461

Al though Figure 4 Shows one type of secondary circuit for the fuel nozzle 51
(1.e. t§3h8@iffuser case (not shown) of the engine 10. The swirler 53 typically either rigidly mounts

to the dome 39 of the combustion chamber or slidably mounts to the dome 39. During engine

assembly, the fuel nozzle 51 slides into the swirler 53.

[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.



i ndi vidual metering orifices 81), the present invention could use other
secondary, circuit arrangenents. For exanple, the secondecyoBErl2005 rcuit
coul d have a single annular orifice (not shown) extending around the entire
circunference of the distal end of the nedial sleeve 67. O, the secondary
circuit could be an air blast secondary circuit. An air blast secondary
circuit uses additional sleeves (not shown) with annular orifices (not
shomm) for ecting pressurized air, The air blasts efer ny surround

(i WQ@Z]alenwpﬁmer@rCalﬁ dued Hrgvels Whau@wrm slegie @ntﬁmaﬁis RAvInG & cui t
fuel spray. The air blasts help atom ze the fuel. 100471 The outer sleeve 67
i ncl udemiahtapgre The grifianatirautedelixith trbegmast autlehn the distad end of the intes sleevner

sl eeve 65. The opening 57 allows the netered fuel to exit the nozzle 51

Wi t hougs, P'ré"fhﬁblfi'eﬂﬁ%ﬁet hOR4 B heAlledve G5 ip@WRtering\oeifice 7althat ditedsbets tret er i ng
orifices 71, 81 supply fuel to the conbustion chanber. As nentioned

earlie i %rﬁ power
| evel slon%fm(ﬁml Iagasﬁlg%glo%ﬁﬁg% H%/S IS%BH tﬁwﬁoﬁgﬁ\éﬁm*lqgﬁerg%g Zs V{i(k)lglg?? t he
secondar uel cuit (i. orif.l es 81). Conversely, the primry
f uel c?l?‘}éLfL‘f S‘(”irl.eé.% f?e‘ioé‘Fé e S’Htg%%é" [;%ectcgcaé junts for the remaining

approxi mately 10% of total fuel flow during such high power conditions.
100491 At | ow power |evels, the fuel control systemcould stop fuel flow to
metering orifices 81, |leaving only flowto netering orifice 71 . In other
wor ds, [0043] A pblg Bomsided wishigttberinneusleeve@itnsar the 0sgtering drficedtlalhé plaig 1L ow
through the netering orifice 71. Alternately, the fuel control system 10 7

OCTOBERti30@5a bafile dhdl g6latetBie fuply 6f el tbahd MetefiRp @Fifiog7 Dr A ta 28 aldchefRat her
it han stoppl ng f uel ow, the fuel

to the inner sleeve 65 spring biases the plug 73 against the distal end of the inner sleeve.

[0044] Figure 5 provides a detailed cross-sectional view of the interaction between the inner
sleeve 65 and the plug 73. In this embodiment, the plug 73 is uniform and includes a plurality of
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.



control systemwould allow a mninmal anount (e.g. 10% or |less) of the total
fuel flow to pass through the nmetering orifices 81. The ] ortion of
total fuel flow (e.g. at least 90%9 would travel throug%gﬁg?gﬁgkggorifice
71. [00501 As discussed above, the fuel nozzle 51 of the present invention
creates a skewed fuel 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 fugddeRiAlthbash Pighid HiHbvisimeG PpasEetsidasherdarfor fhie Gudl@o8zlpSoVi dasing fir st
altergatige ne?%odgof creating the skewed fuel spray pattern. 100511 Figure

61is %c{i{l)iaﬂatl lﬂﬁslég&m%ggr}rﬁe%gS!Iﬁg?erogrlé%eﬁﬂfﬁ/sﬁéon O SRS sEUsldasiRYPat tern

occurs eca erin Ice I's not a perfect ci'rcle. Instead,

the netering orifice 7 while still.  intersecting along the | i.t ydi nal
cent eAfTARRSTENLS. h%rsexﬁﬂlp écmef?%ﬁ%ﬁﬁe?“wte@é‘f%vﬁ% sgrr,g(ie g%%laérolrﬁ%géltr’(lﬂf ice 71
has an el ongated shape, such as an_obl ong. Fi,gzure 6 al so displays tﬁe

or i enshawwsxtsndingargmdshensie cireemference phthedistalendiof theomadiabdecvsio s R f uel
nozzl e body. This orientation ensures that the swirler 53 will bring fuel

t 0 t hehd sgoordarysci®Bitandldiiel dn aichiss sescndsy dingait. A eirbdast savonder cirpuit hees
vicinity of liner 37. 100521 Figure 6a is a detailed view of the netering

ori fi ggdiidnal Blee¥eR (AR howh)yWithuahklap@ifies (fdtsEds) Betjebnd peswirieedalr eTheshape
of the metering orifice 71. At least one of the circles, and preferably

bot h, aﬂggﬁglﬂéfggﬁpguﬁgﬁg&g% g%cﬁ%hgin%vérecf&ﬁlfﬁﬁi?m' YuROEAE hhGul¥ &eoﬁag?y

| ongitu nozzl e" 51. The other circl
preferabl.y. has an.offs fromthe first Il 7 OCTOBER 2005 circle (and from
‘the |8H811{%‘8¢W5?y-g§ﬁ?‘é§1tle}sﬁs elp %iﬁgu%)eftﬁqg&etl'shoul d be | ess than about 0.5d, and

[0047] The outer sleeve 67 includes an opening 57 aligned with the metering orifice 71 in the
inner sleeve 65. The opening 57 allows the metered fuel to exit the nozzle 51 without

interference.

[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



preferably approxi mately 0.25d. Al though descri bed as an obl ong, other
shapes and arrangenents of the netering orifice 71 coul dooronEedeéso pr oduce
a skewed fuel spray pattern. [0053] For comparison, Figures 9 and 12
denonstrate two enbodi nents of primary fuel circuits of other types of
nozzles. As shown in Figure 9, an inner sleeve 265 of the conventional
nozzle has a circular nmetering orifice 271. The netering orifice 271 is
concentric with the |ongitudinal centerline of the nozzl e.lé{0054] As shown
in Fi geoudd edycethe freh 8owsb des/meBeisg ofifietses lc Bathenthian swpringAueldavadhe fugbt er i ng
orifice 371 offset fromthe | ongitudinal centerline CL of the nozzle. In

ot her wtdssystépewonldfalloe a @iimdb&rourn{(e. &.nt04 seless) ofi éhel torad) el dionato prent er | i ne
CL of the nozzle. Although shown as circular, the netering orifice 371

coul d fays ficesTAr ThOAbAMags pdAibi 8CkoBll Alc? FloRAlQN bt RETDO,
5, 267, 442 gg&%&%ﬁggggﬁ g??ﬁgated orif%%e. [0085] Figgﬁgkipdisplays)a fuel

spray pattern created. by tering orifice 71 of the present
inventﬁ%'ﬁld rﬁlﬁeﬁ Oﬁ%ﬁﬁ‘el?eﬁ'tn PAc ?grlilr'efromthe swirler 53. Preferably, the spray

pattern 83 is in the shape of a crescent. The crescent-shaped spray pattern
83 shoul d occupy an arc having an angle of greater than approxi mately 245.
Preferably, the angle is apProxi mately 270. Al though described as a

cresc e[ﬂﬂSéh/éfpél,SCLtShféi ghowe.dhe fuehpearld dholctbe present daneation eigetes gskenyephitel er ns
defined by other shapes. 7 OCTOBER 2005 [ 0056] The crescent shape of the

spray ¢padyt ittern3 Spevifiedl lysthapriataen fikh cofuigsfahe &&l nozze peplodufasehe skewed
concentration. Cenerally speaking, the peak fuel concentration 85 is |ocated

at t heg,ai Gegi mittef Thé BeeviddatsBptay phrHithd Hiimary fubleciiteltprethces h hose 71
offset fromthe longitudinal centerline is
uniformity in the fuel/air ratio within the combustion chamber. Figure 6 provides a first

alternative method 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 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



responsi ble for creating the peak fuel concentration 85 in the spray pattern
83. The fuel injector 51 is positioned so that the peak 70GROER 200hi ch,
upon interaction fromthe swirler 53 and upon ignition, creates a
correspondi ng peak flame area) reaches a selected position within the
conmbustion chanber to help stabilize the flame within the conbustor 29. This
feature will be discussed in nore detail below [0057] Figure 8 is a view,

| ooking in the downstream direction, of gne section of the conbpustion
chanbegirclertaad fioguthe lengitydingk canteilipe)pBhe aifses sonldpe taip thanehewt 04,388 nozzl es
31. Ignition of the skewed fuel spray pattern 83 |ikew se produces a skewed
fl ame pmaferabinagtoxiftacelnO2adgattenighatescriticd af aebbloog.aitke sBapdsrandhe conbust or
29 creates an overlap 89 between adjacent flane patterns 87. [0058] The
flame patdsemegs 8Ftheimdtdendd6eBaT dokErd ised t@?foldh&ya siewaidefaciSprayapatteen. t he
greatest, or peak, flane concentration. Preferably, the peak flane
concentration 91 is adjacent a recirculation zone in the conbustion chanber
for flame stabilization. As seen in Figure 8, the peak flame concentration

91 fac outer .reci.rcul ati on ne .. The ak. f| concentration 91 is
o s DO oy gpaa, B Tekael i fioriete FHE <BERm el B PRI 2R pea
flame concentration 91 in such a manner becone cl ear upon a conparison with
ot her efyqskss tyjes pbRo7zdes. As showmmrigpR % e05uRpsIsee Horofdhserivertenal ppEalt es 10,

11, 13 and 14 denonstrate the fuel spray patterns and flane patterns of the
two othesr digplesmefering orifies 27 Ihkhene¢teringgriiies 371de c@rckngivovith the 16ngjtudenad
produces a symmetrical fuel spray pattern 283, preferably a toroid as shown
i n Fi genheerll ofltenddztzn of the fuel spray pattern 283 |ikew se produces a
flame pattern 287 in the shape of a toroid as shown in

[0054] As shown in Figure 12, an inner sleeve 365 of the conventional nozzle has a metering

orifice 371 offset from the longitudinal centerline CL of the nozzle. In other words, the orifice

371 does not intersect the longitudinal centerline CL of the nozzle. Although shown as circular,

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.

o



Figure 11. Adjacent flane patterns 287 may form an overlap 289. [0060] The
nmetering orifice 371 shown in Figure 12 produces a symetrocrbBErigdosSpr ay
pattern simlar to the spray pattern 283. Due to the offset from

| ongi tudi nal centerline, however, the inpingenent of the swirler vortex on
the fuel spray pattern produces a flanme pattern 387 such as that shown in
Figure 13. The flanme pattern 387 of the conventional fuel nozzle 351
occupies a narrow arc of less than 180. Note that adjacent flanme patterns
387 do[0956] Theecresnent shape efidie spraly pettemd3srentes amaren 8 hel sreapstael Reaknfuck | ane
patters. Due to the lack of overlap, these discrete areas define cold

r egi ongondkiithtiont Gencealivbspehbkiag, thé pedkefiiel JoaO&itdatich 8aid lpcatedat thesiitipani ofy of
the peak flame concentration 91 is an inportant aspect of the present

i nvent jaR e e'ﬁwu&rh@f th@ﬁf&ér@d‘oﬁﬁcetﬂeoﬂ’&@hoﬁﬂﬂé [GRREERET @ntRindR | N
Figure 7 tot e l'ocation of the peak flanme concentration 91 in Figure 8,

t he i npact he v S I The
wi 11 orong i o Sic it IETRf RET o RiddiBs B Wb Tpmtd £ THRULY BRER:

| ocati on_ of the@Peak fuel concegéi tion 85, Si nce{ WI rlgr (gr eates a
count ep bisRoRiPE SO B3 peal s Ba RV HiF 0B SHEBRKG TP B DL ' 53eafugen
count ercl ockwi se fromthe peak fuel concentration 85. 14 7 OCTOBER 2005

[ 0062 lighitionr cteates ocorrdspopbag pédkaftamegnaanahgs p 6viegad pesithen wobaxthe adj acent
the desired recirculation zone and to define the overlap 89, the peak fuel

concengdmbustion Stambed ¢ hdip stabilian gexdflanad wahilnahat(mmsltdrﬂ%fﬁhisrfemmep@'ﬂﬁ Bd on.
Wth the counterclockwi se swirler 53, the peak fuel concentration 85 is

pref er gbéuisddah Md detaRGklwse rel ative to the desired position of the peak
flame concentration 91. The specific anount of rotation depends, for

exanple, on the rotational speed

[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.



of the vortex and the |ongitudinal distance away fromthe nozzle 51. [00631
The arrangenent of the fuel injectors 31 of the present imOENOBER2M@SOVI des
several inprovenents over conventional fuel nozzles. First, overlapping
flame patterns 85 from adjacent fuel injectors 31 allows for heat transfer
t her ebet ween. Such heat transfer could allow for a decrease in the fuel/air
ratio at | ean bl owout of approximately 30% In addition, by placing the
peak flanme concentration 91 near the overlap 89, the engine 10 coul d exhibit
a furt 59pBoswparisetudigwes 16 Itthe3 arekl4 demonsieieghefuel spfay prigBurnd Hams
further reduction is possible since the peak flame concentration 91

i-ncr eapaserhd thempestaéutypes firvzales. [the onaerigodice 77008dwn S € 9 prodeicese t he
peak flame concentration 91 adjacent the outer recirculation zone OZ

cr eat esyhinghiehl ﬁ@l’ﬁtﬁ%y%alﬂﬂéﬁﬂg?ﬂ prdl&rablytaabroi@6d §towWnaihi Figurg Q0 elghionTiferfuehe
peak flame concentration 91 exhibits the highest tenperature of the skewed

T ame g@%& gétfé?rﬁg83oﬁlltee§\r/i9¢ér%ﬁuce{sea -Jn%’ﬂ)ﬁfehp@%éﬁncﬁe WAgIS o?hﬁ&oﬁlxe{s}i éﬁ:ogvrr_lx% hi gher

t emper circulation zone transports t

tenperature upstreamw thin t conbusti on cha to mx with the
unconbggt“éednfM@‘%‘Fﬂ%%@at{eﬁr@h@&m%qu@r?“c%’ﬁﬂﬁg?g‘Thi s inproves the |ean
stability of the engine 10. 15 7 OCTOBER 2005 [0065] Despite the

non-uni formfuel/air ratio in the primary circuit, the engine 10 still
provi des adequate snoke characteristics at high power. Specifically, the

secondf0¢g0f Tied meteriagotifiea 3l e wrndGgat d 2prekees b ayraneeicakfiuebsprayDpdteen ent | y
than the primary circuit, the secondary circuit provides a uniformfuel/air

ratio igmilah® thO5HES pat@iin OB to thé offied firopPMREitudiig ckhetline] Bywelen theigh t he
primary circuit is 1nsignificant - accounting for only approximately 10% of
total frh'ﬁhgement 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.

i4



flow. The remai ni ng approxi mately 90% of total fuel flow travels through the
secondary circuit. Since the significant portion of totaodtesedigeyy to the
conmbusti on chanmber is at a uniformfuel/air ratio, excessive snoke is not
produced. The present invention also achieves these snoke characteristics
W thout a significant increase in NOx em ssions. [0066] A second alternative
nmet hod of creating the skewed fuel spray pattern in the primary fuel

circuit involves changing the shape of the plug 73 within the inner sl eeve
65. SpEWoR] hairilgr, for the peak Spme spnqenBann QY jodedpeassdarlizntihesedred non- uni form
arrangenment of fuel passages. Figure 5a displays one possible shape for a
nmodi f i edirphlaipn7dne afdeo gafing tHSOveriap 89 cthe gealofueLicintentratioar8Sangw e ntranged uel
passages 77" by renoving one passage. Instead of elimnating one
passaggvatatidi ty§strddrh bsiabn With BiRS coniRydlockiase slvibler 53, thegeukefutihe si ze of
the fuel passageway. |In either alternative, the arrangenent of the fuel

pass aggosncgﬁtgaqildﬁ 83 il &?gfég&gg ﬁj(giatfeg rcﬁgfg\ﬂ?s'e rELQVE tolthE QLRA thﬁtiHﬁB?ﬂ'ie%ag} El:aléxiec e

(whi ch"nmay be el ong escr above, or nerely circular

non-uni form f.uel flow produces t{h kewed spr attern. [0067] To ensure
pr oper SHICFRYAtRAL L oj{het Wgc'%l%l?&o?@% Oﬁﬁofaﬁ O\ﬁ%meél%?ﬂﬁngﬁpg%\f’él tb% r?qa%%}f? PR

sl eeve 65' could have a keyway 97' that receives a spine 99' extending from
t he pl ofthy sortexmndghelongitgding dstacr@par frppthetwézie dél spray pattern 83 to be
| ocated so that the peak flame concentration 91 is aligned with the outer
recirculation zone OZ. [00681 The present invention has been described in
connection with the preferred enbodinents of the various figures. It is to

be undgpgsvkk drhideRbRET tiid Rkl dfecTH 90 bmBipSesBRYinBehtion §Eoales sE0ekaf | cat i ons
and additions may be nade to the described enbodi nent for performng the
Sa®  improvements over conventional fuel nozzles. First, overlapping flame patterns 85 from adjacent

fueFinjectors 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.



function of the present invention w thout deviating therefrom Therefore,
the present invention should not be limted to any singteceoBadizomnt, but
rat her construed in breadth and scope in accordance with the recitation of
the appended clains. i7 7 OCTOBER 2005 What is clained is: 1. A fuel nozzle
having for a fuel injector, said fuel nozzle having a |ongitudinal
centerline, the fuel nozzle conprising: an inlet for receiving fuel; and an
outlet for discharging fuel; wherein said outlet intersects the |ongitudinal
cent ef0063k Degnite the nowfipidesm fuedpir 1w inghgprimanyrralculi e €rging 40 sHU PRVitRIces. a
skewed spray pattern. 2. The fuel nozzle as recited in claiml, wherein
sai d addquete shmke aharedtenisticg at lagh power. Wipttifieallye theeatariderysfuabarcug. enfires f uel
nozzle as recited in claim2, wherein said eccentric shape conprises

over | apRjuRE sfioke Eﬁ'&actérlstfgs"q}ﬂfffé@éntl@q}&id e @Siufa@;%lhﬁﬁit tH’é set@idarySeiraifter ei n one
of said overlapping circles has a dianeter , and an anount of offset

bet WeBly c%kguﬁiff)al i }(air m%eoet%sthé B&Hbﬁﬁﬁh%ﬁﬂﬁ% eJﬁ\%’?@h?)oq'er She flREfIHWE! nozzle

as re rein sald anount approximately 0.25

d. through the primary circuit is insignificant - accounting for only approximately 10% of total fuel

flow. The remaining approximately 90% of total fuel flow travels through the secondary circuit.
Since the significant portion of total fuel flow to the combustion chamber is at a uniform fuel/air
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 Sa
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



6. The fuel nozzle as recited in claim1l, wherein said outlet further
conprises a netering orifice and a plug adjacent said neter] orifice,
said plug having fuel passages in a non-uniforn1arrangenéﬁFh%%ERﬁoﬁhel
injector, conprising: a fuel nozzle having an outlet for discharging fuel;
and a swirler adjacent said fuel nozzle and having an outlet for

di scharging a fluid concentric with said outlet of said fuel nozzle;
wherein said swirler discharges the fluid to produce a crescent- shaped

spray tRafubedpiayl patehes s 18 16¢aahay etthé peik fadidlcondthtedtionl9] isalighddueith aRzzl e.
8. The fuel "injector as recited in claim7, wherein said crescent-shaped.

spr ay : 0 | n arc of greater than approximately 245. 18 7
OCTCB@EQ&E%E%%%%HHER? injector as recited in claim8, wherein said
crescent -shaped spray pattern occupies an arc of approximtely 270. 10. The
fuel injector as recited in claim7, wherein said outlet has a netering
orifice in a shape of aqverlapping circles. 11, The fuel injector as recited
i n cl 400687 Thoessent inveation By besp desswibed inneonaectiparwith g rsefered embadimensy ug
adj acent said nmetering orifice, said plug having fuel passages in a
non- uwnf fhervariouns Egyesrdhis.to b2 underktopd drat sthet simmanémbodjersntsumdyi beeusdgirne,
conpri si ng:

modifications and additions may be made to the described embodiment for performing the same

function of the present invention without deviating therefrom. Therefore, the present invention
should not be limited to any single embodiment, but rather construed in breadth and scope in

accordance with the recitation of the appended claims.



a conbustion chanber; and a plurality of fuel injectors for providing fuel
to said conmbustion chanber; wherein at | east one of sai7dCTRBER 108Ct Or S
produces a skewed flanme pattern in said conbustion chanber, said flane
pattern having an overlap with a flame pattern from an adj acent one of
fuel injectors. 13. The burner section as recited in claim12, wherein said
fuel injector has a netering orifice for discharging fuel, said outlet

havi ng an eccentric shape. 14. The burner section as recited in claim12,

wher ei n sai flame pattern is crescent-shaped. 15. The burner
section as %%ﬁg\g@gf’?ﬁeﬁsm m 12, wherein said conmbusti on chanber has a

recircul ati Onl.zg?efue?qri&Z%ﬁ‘ﬁ@ﬁ&gf fG8 Rel Y e@torf‘%%id]%éi n028K KhANE a

concentration adjacent sald recircul ati on Zone. The burner section as

recited in clai nodgitudihel emedmedthecfiel godAe comprishize conprises an outer .
recirculation zone and an inner recirculation zone, said peak flane
concentration adj aceran sdétfoomecervingduelcahdti on zone. 17. The burner

section as recited in claim15, wherein s?i d peak flane concentration is
al so adj acent said ova puljet fepdischarging fuel;

wherein said outlet intersects the longitudinal centerline, but is
offset from the longitudinal centerline and produces. a skewed
spray pattern.

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 0.5 d.

5. The fuel nozzle as recited in claim 4, wherein said amount of- offset 1s
approximately 0.25 d.

6. The fuel nozzle as recited in claim 1, wherein said outlet further
comprises a metering orifice and a plug adjacent said metering orifice,
said plug having fuel passages in a non-uniform arrangement.

7. A fuel injector, comprising:

a fuel nozzle having an outlet for discharging fuel; and a swirler
adjacent said fuel nozzle and having an outlet for discharging a
fluid concentric 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°. -

18



7 OCTOBER 2005 18. The burner section as recited in claim12, wherein said
fuel injector has a longitudinal centerline and an out l7e&CfoBERY08S har gi ng
fuel, said outlet intersecting said |ongitudinal centerline. 19. A nethod
of inproving stability of a flame in a burner section of a gas turbine
engi ne, conprising the steps of: providing a plurality of fuel injectors;
supplying fuel to said fuel injectors so that at |east one of said fuel

e, patt or 5 of B PR THeR Qe TR G RO ATy WHOVGHR B} AGF CERCTTIBRS and.
over | appi ng sai fbriﬁg?\éﬁgﬂé@d@éﬁﬁlgﬁ%t éoﬁnfxzité‘ eyt tern of an adj acent

one of said fue ectors as recited in claim 19, wherein
said fuel injlocTRe fed idjechor ABIdechibd Ciui tlatind 72 Wheehdakyd Gutletifas sai d
skewed fuel flanme pattern produced by said primary circuit. 21. The net hod
as recited in chmetenri®orifibereashspeofdvélappngairtlesn has a peak fl anme
concentration, and further conprising the step of placin sai d peak fl ane
concent r at i ol lafhadeel inigeter as regitedan@daim Jawhesraedd outlgheowprses As. 22.

Th t hod ited i | ai m 21,, whet.ei n_ the,b ' h
reci T cul ati on ZORIETI ARG 1 2cbier TURO 70 UGB BB nt Cah 0 peak

having fuel passages in a non-uniform arrangement.

12. A bumner section of a gas turbine engine, comprising:
a combustion chamber; and
a plurality of fuel injectors for providing fuel to said combustion
chamber;
wherein at least one of said fuel injectors produces a skewed
flame pattern in said combustion chamber, said flame pattem
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 bumner 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 bumer 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.

17.The bumer section as recited in claim 15, wherein said peak flame

concentration is also adjacent said overlap.
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flame concentration adjacent said recirculation zone. 23. A burner section
of a gas turbine engine, conprising: a conbustion chamyoCTGBER 2009l urality
of fuel injectors for providing fuel to said conbustion chanber; wherein at
| east one of said fuel injectors produces a crescent- shaped flane pattern

I n said conmbustion chanber, said flane pattern havi ng an overlap with a

fl tt dj t f f . b ti
of a gas tﬁiﬂléﬁwéa B L& v e 30 W bpERe i teid e hBURKPORS hanbor
having a recircyl g Rl fiil cenftif] n@\?ﬁhwr%hﬁ 2k éxlf‘ﬁiar ﬂgfeﬁ}e?.r%l% et ov! di ng

fuel to said cor?o i on erei n at leas

I njectors prodqu&rggcghg\@gm 1d‘nlg@tﬁglmtsg%ﬂm@ sai d conmbustion chanber said
flane pattern having an overlap with a flane pattern froman ad] acent one

of fuel injets.cksmethod ofainprekiegestaliiliayref pdldnee in hdwirner secpwakof 4 pasre
concentration adjacent said recircul ation zone. 25. A nethod of inproving
stability of a fthehiee engimepeomprisigdhestensfofa gas turbine engine,

conprising the steps pr];)wdmg 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 bumer
section, said skewed flame pattern creating a fuel non-uniformity
in the bumer 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.

22.The method as recited in claim 21, wherein the bumer section has a
recirculation zone, and further comprising the step of placing said peak
flame concentration adjacent said recirculation zone.

23. A bumner section of a gas turbine engine, comprising:

a combustion chamber; and

a plurality of fuel injectors for providing fuel to said combustion
chamber;

wherein at least one of said fuel injectors produces a crescent-
shaped flame pattern in said combustion chamber, said flame
pattern having an overlap with a flame pattern from an adjacent :
one of fuel injectors.

24. A bumer section of a gas turbine engine, comprising:

20



providing a plurality of fuel injectors, at |east one of said fuel
injectors having a primary circuit and a secondary circuidé¢cTosk®idoyi ng fuel
to said fuel injectors so that said primary circuit of said fuel injector
produces a skewed flanme pattern in the burner section, said skewed fl ane
pattern creating a fuel non- uniformty in the burner section; and

over |l apping said skewed flane pattern with a flane pattern of an adjacent

one of said fuel injecto t-h dof tab ty of a flane
in a burner section d° %{nbgguozr{ ﬁl?a@?ﬁ% é?%gregg?}‘ﬁ¥ §19r%§n?h@d5teps of :
prowdlngaplurallty I |+t

I njectors so that at é%%l n%figi]‘e?g{ gt 1rfue Pﬁ%%?ﬁl? tgr% %H}bLHE(%awe
flame pattern |nthe&k§m section, said skewed flanme pattern having a
peak flame concentration and creati ng a fuel non-uniformty in the burner
section; overl appi ng wherdirs kéveabst foremef paid &uel mjedioss pradueepat skewedf an
adj acent one of said fuel I njectors; _and placin aid peak flane
concentration adj acerflargg ap s tf%ﬁé'ébﬂ%lé?ﬂdglé@(ém sad flarpatRadens. 21

having an overlap with a flame pattern from an adjacent one of
fuel injectors, and said skewed flame pattern having a peak
flame concentration adjacent said recirculation zone.

25. A method of improving stability of a flame in a burner section of 2 gas

turbine engine, comprising the steps of:

providing a plurality of fuel injectors, at least one of said fuel
injectors having a primary circuit and a secondary circuit;
supplying fuel to said fuel injectors so that said primary circuit
of said fuel injector produces 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
ﬂrame pattern with a flame pattern of an adjacent one of said fuel
‘injectors.

26. 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 having a peak flame.
concentration and creating a fuel non-uniformity in the burner
section;
overlapping said skewed flame pattern with a flame pattern of an
adjacent one of said fuel mnjectors; and
placing said peak flame concentration adjacent an overlap

between said skewed flame patterns.
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