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i nvention was made with governnent support under Contract No.: N0O019- 5

02- C-3003. The governnent therefore has certain rights in this invention.
The present invention relates to a fuel/air mxer for a conbustor and nore
particularly to a focused application of air directly on the fuel spray as
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outboard to Another objective in the design of combustors for hlgh performance aircraftis to

15  maximize the "static stability" of a combustor. The term "static stability" refers to the
ability to initiate the combustion process at high airflows and low fuel flow during a
rapid deceleration of the engine.

Leaning out the fuel/air mixture in the combustor minimizes smoke production,
while static stability is increased by enriching the fuel/air mixture. Applicant has

20  addressed the competing goals with a fuel injector design with an outer recirculation
zone flame stabilization arrangement. Although effective, flame stability in such a fuel
injector may still be relatively sensitive during snap deceleration conditions. Snap
deceleration is of particular interest to the performance of military aircraft.

Spray transport is important to the operation of a fuel injector design intended

25  for outer recirculation zone flame stabilization. Fuel is injected from a pressure
atomizing fuel nozzle and reaches a prefilmer wall by one of two mechanisms. The first
is a centrifuge mechanism. Large drops in a rotating environment are slung outboard to
the prefilmer wall. A second mechanism is from velocity of the fuel itself. This fuel
velocity typically results from the pressure available in the fuel system.

30 Conventional fuel injector systems may not provide sufficient spray transport

across an inner passage airflow to reach the prefilmer wall under snap deceleration



the prefilnmer wall. A second nechanismis fromvelocity of the fuel itself.
This fuel velocity typically results fromthe pressure available in the
fuel system 30 Conventional fuel injector systens may not provide
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each of the main fuel jets.

15 Air passes around the fuel shroud to the air jets to provide a focused application
of air directly onto the fuel spray from each of the main fuel jets to impart additional
velocity to the fuel as it is flowing out of the fuel nozzle. The air jets provide an
increased pressure drop across a swirler to mix with the fuel from the main fuel jets and
increase the resulting fuel spray velocity to a level high enough to reach a prefilmer wall

20  of the swirler even during snap deceleration.

Generally, the fuel jets and the air jets are arranged to: focus each air jet on a
respective fuel jet; complement the air swirl of the swirler; provide initial interaction
between air and fuel within a sheltered region to ensure effective momentum exchange;
provide a sufficiently high momentum air jet to impart enough momentum to the fuel

25  from the fuel jet to increase the fuel velocity and traverse the swirler inner passage;
provide the air jet wide enough to overlap the fuel jet; and provide fuel nozzle external
contours which are cleared away so that fuel does not attach to fuel nozzle surfaces and
lose the momentum imparted by the air.

When the air assist fuel nozzle is combined with an outer recirculation zone

30  stabilized swirler substantially lower fuel flow is required prior to the potential for a



between air and fuel within a sheltered region to ensure effective nonentum
exchange; provide a sufficiently high nonentumairjet to inpart enough
nonentumto the fuel 25 fromthe fuel jet to increase the fuel velocity and
traverse the swirler inner passage; provide the air jet w de enough to
overlap the fuel jet; and provide fuel nozzle external contours which are
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of a gas turbine engine for use with the present invention; Figure 2 is a
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Figure 3A i . expanded, sectiqgnal view of, a.fuel injector an w4l er
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Figure 1 is a general schematic cross-sectional view of a gas turbine engine for

use with the present invention;
Figure 2 is a general schematic block diagram of a combustor of a gas turbine
15 engine;
Figure 3A is an expanded sectional view of a fuel injector and swirler system of
the present invention;
Figure 3B is an expanded schematic view of a fuel nozzle;
Figure 4A is an expanded perspective view of one embodiment of a fuel nozzle
20  of the present invention;
Figure 4B is an expanded perspective view of a fuel shroud of the fuel nozzle of
Figure 4A;
Figure 4C is an expanded sectional view of an air portion of the fuel nozzle of
Figure 4A;
25 Figure 4D is an expanded sectional view of the fuel nozzle of Figure 4A in an
assembled condition;
Figure 4E is an expanded end view of the fuel nozzle of Figure 4A;
Figure 4F is an expanded sectional view of an air jet and fuel jet interface of the
fuel nozzle of Figure 4A;
30 Figure 5 is a graphical representation of an air assist fuel nozzle according to the

present invention as compared to a conventional fuel nozzle;



20 of the present invention; Figure 4B is an expanded perspective view of a
fuel shroud of the fuel nozzle of Figure 4A; Figure 4C is an expanded
sectional view of an air portion of the fuel nozzle of Figure 4A; 25 Figure
4D i s an expanded sectional view of the fuel nozzle of Figure 4A in an
assenbl ed condition; Figure 4E is an expanded end view of the fuel nozzle of
Figure 4A; Fi guFendEo6isisan erppaled @arspeaiveondl of ueth&@f erdbdineng fta fued f uel

jet interface of the fuel nozzle of Figure 4A; 30 Figure 5 is a graphical
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a sectional view® of along line 6F-6F in Figure 6E DETA LEé DESCRIPTICN OF
THE PREFERRERNBEMICINNENT; Figure 1 illustrates a general cross-sectional
view of a gas turbine_engi ne 10.

Figure 6F is an expanded sectional view of an air jet and fuel jet interface of the
10 fuel nozzle of Figure 6A; and

Figure OF is a sectional view of along line 6F-6F in Figure 6E.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates a general cross-sectional view of a gas turbine engine 10.
15  Fromaninlet 11, the major components of the engine 10 include a fan section 12, a low
pressure axial compressor 14, a high pressure axial compressor 16, a burner section 18,
a high pressure turbine 20, a low pressure turbine 22, an afterburner 24, and a nozzle 26.
Referring to Figure 2, a cross-sectional view of a portion of the burner section
18 includes an annular combustor 28, fuel injectors 30, and spark igniters 32. The
20  igniters 32 light the fuel/air mixture provided to the combustor 28 from the fuel
injectors 30 during engine start.
The annular combustor 28 includes an inner liner 34, an outer liner 36, and a
dome 38 joining the inner liner 34 and the outer liner 36 at an upstream end. A cavity
40 formed between the inner liner 34 and the outer liner 36 defines a combustion
25  chamber.
The fuel injectors 30 are preferably mounted to the dome 38. The fuel injectors
30 provide fuel and air to the cavity 40 for combustion therein. The inner liner 34 and
the outer liner 36 typically provide combustion holes 42 and dilution holes 44 which
introduce secondary air into the cavity 40. Guide vanes 46 at the downstream end of the

30  combustion chamber define the entrance to the high pressure turbine 20 (Figure 1).



15 Froman inlet 11, the major conponents of the engine 10 include a fan
section 12, a low pressure axial conpressor 14, a high pressure axi al
conpressor 16, a burner section 18, a high pressure turbine 20, a | ow
pressure turbine 22, an afterburner 24, and a nozzle 26. Referring to Figure
2, a cross-sectional view of a portion of the burner section 18 includes an
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fuel injectgesossh nbRBEYthE NRI h&a5d 4BMRAWRY9dr 404@licH Qirrounds the fuel nozzle
15 48. The swirler 49 concentrically surrounds the nozzle 48. The swirler 49 imparts a
rotation to the air which is supplied by the compressors 14, 16. The rotating air
impinges the fuel spray and imparts a rotation to the fuel F such that a vortex created by
the swirler 49 provides additional control to the flame in the combustion chamber.

The fuel nozzle 48 further includes an air assist which imparts additional

20  velocity to the fuel F as will be further described below. Such additional velocity is
particular important during snap deceleration conditions.

The fuel nozzle 48 is located within a bearing plate 50 which is typically
attached adjacent the dome 38 of the combustor 28 (Figure 2). An inner radial swirler
52 includes a generally conical wall 54 which defines an inner passage 56 which

25  surrounds the fuel nozzle 48 and is disposed in co-axial arrangement therewith.

A prefilmer wall 58 of the generally conical wall 54 operates as a prefilmer
which, due to the swirling effect in the inner passage 56, causes the fuel spray to be
centrifuged to the prefilmer wall 58 where it forms into a film that is moved axially
toward the discharge end and into the combustor. The outer radial swirler 53 is

30  concentrically disposed relative to the inner radial swirler 52 and defines the outer

passage 60. Each of the radial swirlers 52, 53 include circumferentially spaced vanes



the engine 10 at | ow power |evels, such as at engine start, idle and snap
deceleration. Referring to Figure 3A each fuel injector 30 includes a fuel
nozzle 48 along a fuel nozzle center line Ato inject fuel Finto the
conmbustor 28 (Figure 2). The fuel injector 30 includes the fuel nozzle 48
and a swirler 49 which surrounds the fuel nozzle 15 48. The swirler 49
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(Figure 3A). It consists of a "pilot" circuit, which has a small flow area,
and 15  main circuit to a level high enough that it must be eased effectively during snap
deceleration conditions. As such, all descriptions of air interaction with fuel involve air
imparting momentum to the main circuit. It should be understood that it may not
always be necessary to utilize a pilot circuit in fuel system architecture. Some nozzles
may utilize only a main circuit, but in high pressure ratio engines 20:1 and greater the
20  main flow is typically regulated by a valve (Figure 3B). There may or may not be a
pilot circuit. The pilot circuit does provide some secondary effect on the air assist
operation, because the flow to the pilot circuit reduces the amount of fuel that needs to
be accelerated by the momentum exchange with air. Since the fuel in the main circuit
essentially has zero momentum of it’s own, reducing that flow permits the remaining
25  flow to achieve a higher velocity — provided the mass flow rate of the air is fixed.
Referring to Figure 4A, the fuel nozzle 48 is separately illustrated without the
swirler 49. The fuel nozzle 48 includes a fuel shroud 65 (Figure 4B) and an air shroud
67 (Figure 4C) which fits over the fuel shroud 65. That is, fuel passes within the fuel
shroud 65 through the main fuel circuit in the space subtended by the fuel shroud 65 and

30  apilot shroud 69 (Figure 4D) while air passes through the annular space subtended by



a "main" circuit, which has a nmuch larger flow area. The pilot circuit is
typically directly fed frommanifold pressure and consequently has a high
velocity. The main flow circuit nust be sized | arge enough to handl e the
fuel flow requirenents of high pressure full power operation. Consequently,
| ower flows are achieved in the main 10 circuit by use of a control valve.
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subt endedby the fuel shroud 65 and 30 a pilot shroud 69 (Figure 4D) while
ai r passd8 t heoefgiiranhteanergnanvepigoe The bir gaisé@ipigferably receive air flow from the

engine compressor as does the swirler 49. Air passes around the fuel shroud 65 to the
air jets 70 (Figures 4D and 4E). The air jets 70 provide a focused application of air
directly onto the fuel spray from each of the main fuel jets 68 to impart additional
velocity to the fuel as it is flowing out of the fuel nozzie (also illustrated in Figure 5).
20 The air provides a sufficient pressure drop across the swirler 49 (Figure 3A) to mix with
the small amount of fuel from the main fuel jets 68 that exist at a snap deceleration
condition and increase the resulting fuel spray velocity to a level high enough to reach

the prefilmer wall 58 (Figure 3A) during snap deceleration.
Referring to Figure 4F, each set of main fuel jets 68 and associated air jets 70
25 are located within arecess 71 in an outer surface 73 of the fuel nozzle 48. Preferably,
the recess 71 includes a first wall 74 which includes the air jet 70, and a second wall 76
which includes the radial fuel jet 68 generally perpendicular to the first wall 74. A third
wall 78 preferably forms an obtuse angle with the second wall 76 to provide a clear path
for the interaction of the fuel spray and air jet to reduce the momentum loss from the

30 interaction thereof.



the fuel shroud 65 and the air shroud 67. The fuel and air portion remain
separate until mxed at their exits (Figure 4F). The fuel shroud 65 defines
a pilot fuel jet 66 along the axis A and a nultiple of nain fuel jets 68
di sposed off of the axis A and in a radial arrangenent about the pilot 5
fuel jet 66. The pilot fuel jet 66 receives fuel froma pilot fuel circuit
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(also illus € air provides a sufficient pressure

drop across theR%Wrﬁhgfo BigufeFs, gited tBir bishiifue] Woidle 48 RecommBihéd ambud of fuel
fromthe main fuel jets 68 that exist at a snap deceleration condition and

i ncrease t Roter esufulpmen Fane stabpizad swisleod?. the aivasaist fwgknozaledh® vaHaehjpvao reach
e LT TSty R M 0y SR RRaE S S B R,
Locat 0,1 kit 43685 alo WP LyUGE Motk L ol 15,
j et 7015 angravides partdtulwalbenef8 during snap deceleration. That is, at higher-pressure drop
levels, when the fuel droplet sizes are small, the centrifuge process from the swirler may
be of minimal effectiveness and fuel velocity is increased by the air assist fuel nozzle.
Referring to Figure 6A, another fuel nozzle 48’ is illustrated. The fuel nozzle
48’ includes a fuel shroud 72 (Figure 6B) and an air portion 74 (Figure 6C) which fits
20 over the fuel shroud 65. The fuel shroud 72 defines a multiple of main fuel jets 77
disposed off of a central axis A. A multiple of axial vanes 78 are disposed on the outer
surface of the fuel shroud 72. The radial vanes 78 support the air portion 74 and impart
rotation to airflow between the inner fuel shroud 72 and the outer air portion 74 (Figure
6D). It should be understood that other vane configurations, such as the radial vanes 78
25  of Figure 6E and 6F could alternatively and or additionally be utilized.
Preferably, the air portion 74 includes a multiple of elongated apertures 80
which provide sufficient clearance for the combined fuel-air spray to pass. The
elongated apertures 80 permit fuel spray from each of the main fuel jets 77 to minimize
contact with the air portion 74 such that the resulting fuel spray reaches the prefilmer

30  wall 58 (Figure 3A) even during snap deceleration.



whi ch includes the radial fuel jet 68 generally perpendicular to the first
wall 74. Athird wall 78 preferably fornms an obtuse angle with the second
wall 76 to provide a clear path for the interaction of the fuel spray and
air jet to reduce the nonentumloss fromthe 30 interaction thereof.
Generally, the fuel jets 68 and the air jets 70 are arranged to: focus each
air jet on a respeehg WeEFibtRlcD,@hch SAP LRI fehe7 78k kh&wrdd fréh didfewswi r | er
49; provide initial 1nteraction between air and fuel within a sheltered
region to &nsughethekngioe by chedlongatadrapedwichdngdhatgp.abe diongatedippdrsiresil y | ar ge
air jet to jnpant enough. ntumto the fuel 5 fromt uel jet 68 to
ncr ease. ¢ ETRLE TRR B e] T By g bEeh BE e TR A8 e e
(Figure 3) iowdr@WMedGew&tan #iguré 6F) Wt d8e RIOHGIBNAIQIPNG &R thd@dfHehnds§8; and
provi de fuel nozzle external contours which are cleared away so that fuel
does nof afThacididloaness]8 previdesudifead@stoahel airbew withen thenfeal nozzie®asedd by t he
air. Applicant has also determined that the jncidence angle of the air jet
i s rel ati vE13thGRITHAYMAsSss oul of dherdonsated igprayes g(gw%la\ﬂ%té%o‘lﬁgd ‘?F(ﬁlo?SﬂéGegrees
have prove ] f i - j Whghy al [ el
nozzl e 48 ?ge?%:%ﬁl}l%t\eégcmﬁtg ]ﬁﬁ{l ﬂé&g]ggggrg étfg%{:oﬁag%ﬁhat [ orﬁ Jz?%?llgé éfttg%;él:oﬁéaé%}]sw rler
49, the ai apaastss0 indethe nombkeofdB8dil VineadRiagve uivala s thenfuinddel wf maner f uel
flow at | ean bl owout conditions in conparison to a conventional pressure
atoni zi ng A2#td7and swirler combination. The air assist fuel nozzle 48 15
provid partic I it durin d erati Qn. at,1s, .at.

hi ghey?gressure%fgé%rgg@g gfgsscn p}%ﬂ%n %%gﬁ)}aagfzﬁh?rotg{lne?erhsqeggg tgéf gfnsltﬁa%f)?s, t he
centri f uge wath@f & snyf et aeons Whd b &iatiGRY of tl@@g&ﬁedﬂﬁbﬁﬁén &t pegiviyvaness and
fuel velocity is increased by the air assist fuel nozzle. Referring to

Fi gure 6A, ohilest hegveftgathingsz zThe pgferired emnbodimeatseef. thithénvienedn haye been 48

i ncl udes a ,fuel roud 72 (Figure 6B) and an ajr tion 74 (Figure 6C)

whi ch fi tsdlsﬁg_s?ifl WENEE 1981 Ol B 61 onBC i vobl] Birgemse b SR, |

mul tipl e oty dibielvol Rl e’ withHP@S 86 §f @Afs iAVGRIDL &l is 2k fdle, @ Il tiple
of axial vanes 78 are disposed on the outer surface of the fuel shroud 72.
The radb al undargsod Baswphpiarthe dchpe afi the gEpehdaalr]atds ahelinvemantmay be practiced

otherwise than as specifically described. For that reason the following claims should be

studied to determine the true scope and content of this invention.



rotation to airflow between the inner fuel shroud 72 and the outer air
portion 74 (Figure 6D). It should be understood that other vane
configurations, such as the radial vanes 78 25 of Figure 6E and 6F could
alternatively and or additionally be utilized. Preferably, the air portion
74 includes a nultiple of elongated apertures 80 which provide sufficient
cl earance for the conbined fuel -air cpagvst o pass. The el ongated apertures
80 permt fuel spray fromeach of the main fuel jets 77 to minimze contact
with the air portion 74 such that the resulting fuel spray reaches the
prefilmer 30 mg%hliB.éFigure 3A) even during snap decel eration. Referring
to Figure 8D, edbHeOMTHY SMAISHEel jets 77 is sheltered fromairfl ow

t hrough the engi : That @5y 4t F I at ed
apertures 80 sﬁgﬁfgym%%gWﬁg$ﬁg%3§ﬁe$§?ﬁ§$%€?gﬁggﬁﬁﬁﬁ%ﬁﬁﬁh?gEgﬁﬁgﬁggburner
sect i on518 paftiatjy fecu3dd toavagd sdidwad §btt he viewer in Figure 6F) not due to
rotational airflow fromthe radial vanes 78. 5 The radial vanes 78 provide a
direction to the airflowwthin the fuel nozzle 48 such that the airfl ow
passes out ,of t | Qr 21 1L . i - j i pon. It is
preferred tzhat gzlgﬁue?rélgg&gﬁ%largﬁq%?&I'[iggllngp’l%}%eg{hégm?g‘%\%bé%{?ﬁéefg\}e%g\%adrt%psi de of
the el ongataei, sAa@Alel (bt esmBfsdndntifiplervfmen e jdtadispdscl amaaid&iar e equi val ent
to the nunber of main fuel jet 77. 10 The foregoi ng description is
exenplary rather than defined by the limtations wthin. Many nodifications

d jati t.he. t . t.i 4 i,ble in light f t b
o onaha! S el Bh et RSB e RS e s S Foous
however, ongis0f,i@i j’b%é{mﬁhﬁés!a r%irﬂnatrp?uél‘ﬁétd Hééél_dp%ﬁ%gi@'c%ﬁtrﬁlha%is.C_e”a' n
nodi fications would ctone within the scope of this invention. It is,

therefore, to be 15 understood that within the scope of the appended cl ai s,
the invention nmay be practiced. otherw se than as specifically descri bed.

For that ré&ason tRdU§ oNFIRE Hgecicdimelaighburherg said furnetrle erraRiisss afuse t he
true scope sﬁﬂ)%d%ﬂ@taﬁ iy sﬂlfouhhx'/lﬁcﬂ RMERE bﬁﬂall%%ds said fuel shroud.

15
5. The fuel injector as recited in claim 4, further comprising an axial vane located

about an outer surface of said fuel shroud.

6. The fuel injector as recited in claim 5, wherein said axial vane spaces said air

20  shroud from said fuel shroud.

7. The fuel injector as recited in claim 4, further comprising a multiple of

elongated apertures located through said air shroud.

25 8. The fuel injector as recited in claim 4, further comprising an axial vane located

about an outer surface of said fuel shroud.
9. The fuel injector as recited in claim 1, wherein said air jet and said fuel jet are

located within a recessed space within said fuel nozzle.

30
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1. Afuel injector conprising: a fuel nozzle which conprises a fuel jet and
an air jet, said air jet at least 5 partially focused toward said fuel jet.
2. The fuel injector as recited in claim1, wherein said fuel nozzle defines
a central axis, said fuel jet conprises a nultiple of main fuel jets
di sposed off said axis. 10 3. The fuel injector as recited in claim 2,

wherei n saild. fugie i@l #ljectsielsirei@ed i QAR I, AlrtheBdrdpristitt dhwitled defiaéd £4OPr | ses a
primary fuel jet disposed upon said central axis. 4. The fuel injector as
recited i nssiddighnezzigheidswirlsapperatiero mepear eroddioprtp segirfopasiiacesyaghd and an
air shroud V\,hinchzlat Ifa§tr ¢ t%ta;liﬁil I%ioﬁurrounds said fuel shroud. 15 5. The
fuel injecg%ﬂ g&F &6t t'Ba TR A" ur t her conprising an axi al vane

| ocated about an outer surface of said fuel shroud. 6. The fuel injector as
recited in claimb5, wherein said axial vane spaces said air 20 shroud from
sai d fu&l dhroudheTuelThjectbued recitgdeiotodaimakf), meheretimeshid pirgétadirecs, anfaimflomer
conprisingfa nutéhgte oﬁ . el ongat ed agen&ures | ocated through said air
shroud. 25"®M S BPZAl NGRS LOttoppl eCHON-c| ai m 4, further conprising an
axi al vane |ocated about an outer surface of said fuel shroud. 9. The fuel
injector as recited in claiml, wherein said air jet and said fuel jet are

| ocat ed w tlRi n & bwoessedos@acgaswitbiierengmiedcdmy@isimpzzl e. 30 10. The fuel
injector as recited in claiml , further conprising a swirler defined about
sai d fuel nozzl &COBRMYHIANGHAMOET operable to inpart a rotation to an airflow

ad) aceqny said fa%@éﬂé‘r%&{t@d \@vﬂllig st;%c%EnbruQﬁ&téhngﬂa!er Qﬂohgﬁﬁ bon- y 11. The fuel
injector as recited in clal m10, eretn sard alr jet directs an airfl ow
fromsaid fuel adgaaligjetidr sajudted wistin seidatvioaadiont eakispBaid fuel injection
operable to supply fuel to said combustion chamber, said fuel injector comprising a fuel
nozzle with a fuel jet and an air jet, said air jet at least partially focused toward said fuel
jet.
15

13. The burner section as recited in claim 12, wherein said swirler imparts a rotation

to an airflow adjacent said fuel nozzle in a first rotational direction.

14. The burner section as recited in claim 13, wherein said air jet directs an airflow

20  from said fuel nozzle in said first rotational direction.

15. The burner section as recited in claim 13, wherein said swirler defines an inner

recirculation zone and an outer recirculation zone within said combustion chamber.
25 16. The burner section as recited in claim 13, wherein said swirler comprises ¢

prefilmer wall, said air jet operable to direct an airflow from said fuel nozzle sufficient

to impart momentum to the fuel from said air jet.

-11-



12. A burner section of a gas turbine engine, conprising: a conbustion
chanber; 10 a swirler located within said conbustion chanber al ong an axis;
and a fuel injector nmounted within said swirler along the axis, said fuel
injection operable to supply fuel to said conbustion chanber, said fuel
injector conprising a fuel nozzle with a fuel jet and an air jet, said air

jet at |eas?. panrtmathby of idcteasitg flamakebisiaf iel abusler sec@dn ofkzad Burbihbengimy ner
section as recited in claim12, wherein said swirler inparts a rotation to
an airfl owcpaybathesiing of uel nozzle in a first rotational direction. 14.

The burner sectipn a ' i ' e r.e ' P I ts an
airflow 20 frolr(nﬂsai Zoc%ﬁg‘%’ taﬁrg%lz (g%!eﬁ%gbii]ag 2*1%"1‘&;21‘3?%,[%? % ﬁg*lmdtl?traesg%llhgﬁ. 15.
The bur ner csxﬂFﬁiiﬁgla@Sefﬂﬁ@f wal: igadcl ai m 13, wherein said swirler defines an
inner recirculation zone and an outer recirculation zone within said
conmbust?on chanb®r. f#eusimg thnar jsutomard the fudl i taaisnpaganeaentim te fugl frons,
wherein said i.rler, conmprises refilmer wall, idair jet operable to
i rect an A PHOR b ARLHeBAn FonGSrab ot STt Bl e NG m 1 o

t he fuel fgeragRich @&ndidgat- 17. A nmethod of increasing flanme stability in a
burner section of a gas turbine engine conprising the steps of: (1)

| ocating a fuel nozzle with an air jet and a fuel jet within a swirler

conprisin refilmer, wall.; and. (2 cusing the air jet toward. the fuel

Pt Tto' i mpdft " raniiom Facqise n g 1 HutRet s br sEhat STRetingdl o

| east parti@hlon {o%%{g#@“l ﬁ@rnl%@fdel H@Izlé"@dr & el Ry %{]ﬁﬁg tlf@%‘?ﬁ‘k@r ation
met ho m1l7 e

condition. 18. A as recited 1n clail , further Tonpri'sing the step

of inparting a
19. A method as recited in claim 17, further comprising the step of:
directing an airflow from the air jet in a direction complementary to a rotational
airflow direction imparted by the swirler.
15
20. A method as recited in claim 17, wherein said step (2) further comprises:
imparting momentum to the fuel sufficient to increase the fuel velocity to

traverse an inner passage way within the swirler.

20 21. A method as recited in claim 17, wherein said step (2) further comprising the
step of:
sheltering the overlapping interface between an airflow from the air jet and fuel

from the fuel jet.
25 22 A method as recited in claim 17, wherein said step (2) further comprising the

step of:

locating the air jet on the windward side of the fuel jet.
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10 rotation to an airflow fromthe fuel nozzle prior to the airflow exiting
the air jet. 19. A nmethod as recited in claim17, further conprising the
step of: directing an airflow fromthe air jet in a direction conplenentary
to a rotational airflow direction inparted by the swirler. 15 20. A nethod as
recited in claim17, wherein said step (2) further conprises: inparting
rmrrentumtmthe&ygin&lﬂef t&hpAding:0 i ncrease the fuel velocity to traverse an
inner passage way within the swirler. 2021. A nethod as recited in claim17,
wherein said stepuglggt foudispensingdngls il ng the step of :sheltering the

over|l apping interface hetwee wfromthe air jet and fuel fromthe
fuel jet. 2522. aﬁaﬁé‘?tﬁgﬁcﬁg Sﬁléﬁf?l?léﬁt goﬁgléP%ﬂslﬂgﬁr wherein said step (2)

further conpri S'\«J”l'xgretnl[@aﬂfaf%l?mﬁfn lsé)ﬁ:[%n' Safi Fu@leto%éreis%ta Vot ?%f‘%ﬁ(?ﬁ@rd si de of
the fuel jet. 23. A fuel nozzl § conprising: a fuel jet for dispensing fuel;

and an air jet adjacent said fuel jet for di spen5| ng a| r; wherein said air
i npi nges upon said fuel to increase a velocjty of fuel 5.24, The fuel

nozzl e as rPécitédeiys! BP%ﬁl?ﬁSZSC“GFid??]H‘éF 2%6Hﬁh¢r§pwgmam&mmwlbplé obfuel iy jets
and a mul tlll?(llg lt@'ﬁrghﬁ’@ﬁ &Qﬁ%ﬁ O(lfefntrgifzﬁ(? tral axis. 25. The fuel nozzle

as recited inc ere nsad arr jet and said airjet 10 are
di sposed off a central axis. -13

25.  The fuel nozzle as recited in claim 23, wherein said air fuel jet and said air jet

10 are disposed off a central axis.
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