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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
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the resulting fuel spray velocity to a | evel high enough to reach a
prefild@r wall 20 of the SUMMARYWOINTHE INVENTAONIecel erati on. Cenerally,
the fuel jets and the air jets are arranged to: focus each air jet on a
respective fuel [hgfuel Byeripeyiam acprdigg o g\mprqse@fmmeogmomdéﬁ an ¥ #ishe
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the air | etach ofdhemaiuygfel gtsoverl ap the fuel jet; and provide fuel nozzle
extern contour.s which are, cl eared so that fugel .does.not. attach to
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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



Wen the air assist fuel nozzle is combined with an outer reagiyQisRy fgp7zone
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schemat k¢ q&@g&aﬁgﬁgémnsw ew of a gas turbine engine for wuse with the

present invention; Figure 2 is a general schematic block diagramof a

combustor of a gas turbine 15 engine; F| gure 3A is an expanded secti onal
er

view of a fuel injecto resent invention; Figure
3B is an expanded scher® %@e 4A is an expanded

per spect  ve vi ewaf, ang, ﬁ%?&'amgagﬁﬁ eggt)fiﬁgmﬂ%ﬁ o, yifbeBlimb BEoRERTEN

i nvention; Figure 4BIs an ex I've Vi ew of roud of the
fuel nozzl eh@k skiflegu the 4Arofi @Bhﬂlo‘l’@ng ﬁet@[bd@é:@@[}d@d osﬂﬁ:tcuﬁemlypteieyye@f an air
portion of the fuel nozzle of Figure 4A 25 Fi ?ure 4D i s an exganded

secti oRfl embadirenthdhedsawings shas aseormpagyirthe detailerd descripderad bei beeRvii t i on;

Fi gure 4E |dsescn%eg E)%]fied end view of the fuel nozzle of Figure 4A

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 perspeggive 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;



Figure 4F is an expanded sectional view of an air jet and fugly, j face
of the fuel nozzle of Figure 4A; 30 Figure 5 is a graphi ca:ﬁr‘]é’lpﬁ}éz‘sdglrg(gpi on
of an air assist fuel nozzle according to the present invention as conpared
to a conventional fuel nozzle; -3 31 JANUARY 2007 Figure 6A is an expanded
perspective Vi ew. of.her i I ent
i nvention; Fi guﬁéﬁ%%%?‘sltsgjﬁ eé?%géﬁgé%ﬁ gé?tg%e\g%\lil\lég a?/?tg\gl)vlz‘iz)l#lg%&{nﬁ}éﬁh&sﬁﬁugﬁd of the
fuel nozzl Qo@i]eoﬁk@lf.pt@eﬁﬁhvé]tﬁingure 6C i s an expanded sectional view of an
air portion of the fuel nozzle of Figure 6A; Figure 6D is an expanded
sectional view &igurpeBiiva expanded@erspedtivgicay efm fupl shrpudpf shafelawzeleptii ti on;
Fi gure 6E iPS an xpanded sectional view of an air jet and fuel jet interface
of the 10 188 °Rozzle of Fi gure 6A;, and Figure 6F is a sectional view of
al ong | kne 6F- 6Fijre 6CAYERcBfnded it AbkHER RESIGR ATp b bt ek REFARBED
EMBODI MENT Figure 1 illustrates a general cross-sectional view of a gas
t ur bi ne endiigilee 68; 15 Froman inlet 11, the major conponents of the engine
10 include a fan,sectjon 12, a |low pressure_ axi.al conpressor 14, a high
pressure axial COBPFE s‘éfmf’él?ange‘gﬁﬁcﬂg?a i phhe fgel no qﬁf’g 1YYt & t ur bi ne
20, a |l ow %gs%ﬁfbtll&pcc;nﬂftpjnne 22, an afterburner 24, and a nozzle 26. Referring
to Figure 2, a cross-secfional view of a portion of the burner section 18
i ncl udes an annmigure 6Bidatsdxpanddd sedtivnhl view e£irnaisjeBihd fasldesiprifsce ¢hmhd ers 32.
The 20 igniters 32 light the fuel/air m xture provided to the conmbustor 28
from t He f degl noplp eEFiguEe 88; andri ng engi ne start. The annul ar conbustor 28
includes an inngy liner 34, .an.Quter.|l.iner. 3 nd d 38 joining the
ner iner 34 St R diessBRa i P hebiopElne e oF I ERbubBE" a1y 0
formed between the inner liner 34 and the outer liner 36 defines a
conmbustion 25 chanber.

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, alow
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).



The fuel injectors 30 are preferably mounted to the done 38s3;Th& §1007
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i mparts a rotat lKBﬂeﬁnﬂ wplgareramaelhfueqs1@maoqﬂc1hnestmepﬁﬁmreeﬁssﬂ6§g 44, 16.
The rotating air |rrp| nges the fuel spray and inparts a rotation to the fuel
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during snap deceleration conditions. The fuel nozzle 48 is |located within a
bearing pl abetidbf tovidhechir ivehitly i aupipliyd bytthfacdsmptcmd*sad:e,nlé t HBhed ovatinidBaiof t he
conmbustor 28 (Figure 2). An inner radial swrle
impinges the fuel spray and imparts a rotation to the fucl 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
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conditions. In ‘general, other considerations such as fuel nozzle coking
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engi nes 20:1 and greater the 20 main flowis tdyl[))i cally requl ated by a val ve
(Fi gur e 3B)mpIR{agdng@entym iogihe ypain jggcyit. 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
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Ref erring t o dikedsaehdifexith@igurehFnozzl e 48 is separately illustrated w thout
the swirler 49. The fuel nozzle 48 includes a fuel shroud 65 (Figure_ 4B)
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secondary fuel cirgiihit jet Qs M6¥aRrd adjacenticact bothe Des fils jdth 68 Rjgard 44). fit ow
above ground idle. An air jet 70 is |ocated adjacent each of the main fuel

jets 68 (Fi gwheuldhp understoghthat althraigh adimgleadigt is Bssocigtedhotiyhsingleifudid imi r j et
is associated with a single fuel jet .in he .i.l | ust r.at ed enbodi ner any
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engi ne conpressor as does the swrler 49. Air passes around the fuel shroud
65 to the aienginetcompfesfdriagdoesthd Bwated 44 EAir pkees arounfelesfuéDshpowd/6 e the
focused application of air _directly onta th8 fuel S[?ray roq] each of the
mai n fuel | etdl j68 %OO(FF%%‘ED%%@-O%QF 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 nozzle (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 a recess 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.



velocity to the fuel as it is flow ng out of the fuel nozzl g{(Bh$Rry 2007
illustrated in Figure 5). 20 The air provides a sufficient pressure rop
across the swirler 49 (Figure 3A) to mix with the small anount of fuel from
the main fuel jets 68 that exist at a snap deceleration condition and

increase the re i reach
the prefilmer m%%n%%@? t&g%elze?%i%/a #‘?%%J%{%Z‘ga‘%é‘{fgf{gédt |g@ncu§%9#'gal}r ﬁg to
Fi gure 4F, oﬁ@p&sp&hv@ffudlgun chbmpleniedt shebfir aWH o BRCIvAtIEE 49 provRieSnifdl 25 are
| ocated within a reces 1in an outer surface 73 of the fuel nozzle 48.
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the interaction of tJ fuel spray and air jet to reduce the nonentum | oss

fromthe 36 (Figuﬁir%)cpmmdetthealegﬁt w1d€eMgHAD\|b)ﬁdRMp2mmel ﬁerwdaptd»\yde fuek f uel
ts 68 dth ts 70 dt h t
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ensure effective nonentum exc I Cl ent arge alr jet to

i npart enouigd th® ifiddnde ta@glehef ﬂhaeilr fet ﬁsr ednttdw/ fibi@dpojrtaht. G&Cﬁdbnbfﬂﬁﬁgl%e t he
fuel velocity and traverse the swirler inner passage 56 (Figure 3); provide

t he ai A0j etbelrragn 46rivddh degrees/kaveppotanefiegiéye. j et ; and provide fuel nozzle
external contours . which are ¢ re at _f.u does. .no tach to
external " cont outs i £y B8 SHSORIR A Lk 3b sE95RREN WHAED 1O,
al so det er pypeekcikhdtion ﬂﬂxe's%ll%ﬂ‘é@lrﬁﬁgb 8&hOdir &éagt filel nd2le 4SwillRkcRlely el ¥

uni nportant. Incidence angles 0 between 45 and 75 degrees have proven

ef fecti ve. sheftatnillpipwar fEEl flowet E,an hlosout doadwions msmpﬁnéanéd) apapzhgondB i s

combined with the outer recirculatjon zone 'Staghl i zed svmtrler 4? %Ehe air
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particul ar 1beisivhen thefudldraplepizdeaelsgiallf thocentrifings prosess ﬁ’bnhh@heﬂﬂepmeﬁ sure
drop |levels, when the fuel droplet sizes are snmall, the centrifuge process
f romthe swenof ainiggg) 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.
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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 definggsar |t(§F%u?eG]ﬁ d1h Bf fhdGhaih Ble? &ﬁﬂis%nel%&éd%fnﬁmv central
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15 understood that within the scope of the appended claims, 4 ﬂ#?ﬁ?ﬁ
may be practiced otherw se than as specifically descri bed. reason
the follow ng clainms should be studied to determ ne the true scope and
content of this invention. -9 31 JANUARY 2007 CLAIMS 1. A fuel injector
conprising: 5 a fuel nozzle having a fuel jet and an air jet defined off a
central axis, said air jet at |easfLAIMS ally focused toward said fuel jet.
2. The fuel injector as recited in claim1, further conprising a pilot fuel
jet disposed upan said central axis. 10 3. The fuel injector as recited in
claim1, whereihudinjeqtoetonpyisimg conprises a fuel shroud and an air shroud

e LSS, PRrt ek a, 681, Sk A% encf of TG fEbl et o 2

recited in claims3 an axi al’ vane about an

outer surface (ﬁirj:eaatdeafsuladrtlalfhyMdsed&owﬂdesafdﬁaéljenj ector as recited in claim
4, wherein said axial vane spaces said air shroud fromsaid fuel shroud. 20
6. The fuel injector as recited in claim3, further conprising a nmultiple of

el ongat ed aper He fas] 155%%&)&?% rddie@ HOPag@ driihkr %}%&Hﬂn%z ptla_thﬁef jg?hls%&k&mt or

as recited in aim 3, further conprising an axi a ocat out an
out er surfmﬁsmﬂcsanraiakwel shroud. 25 8. The fuel injector as recited in
claiml, wherein said air jet and said fuel jet are |ocated within a
recessed space within said fuel nozzle. 9. The fuel injector as recited in

claiml, firt herhe%epfnge%kd}oas%évydrlh%lalﬂelf 'mﬁelﬁeautme1%z§ﬁ'c% Cﬁ:‘ﬁ&s Degt! e,
said swirler operable nmpart a rotatidn to an airflow adj acent said fuel

nozzl e i n shrdudramtl anairshiradavhidh atedeast partiallp surfhmd$ saitl fueljskoudr as recited in
claim9, wherein said air jet directs an airflow from said fuel nozzle in
said first rotational direction.

4, The fuel injector as recited in claim 3, further comprising an axial vane located

15  about an outer surface of said fuel shroud.

5. The fuel injector as recited in claim 4, wherein said axial vane spaces said air

shroud from said fuel shroud.

20 6. The fuel injector as recited in claim 3, further comprising a multiple of elongated

apertures located through said air shroud.

7. The fuel injector as recited in claim 3, further comprising an axial vane located
about an outer surface of said fuel shroud.

25
8. 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.
9. The fuel injector as recited in claim 1, further comprising a swirler defined about
30  said fuel nozzle, said swirler operable to impart a rotation to an airflow adjacent said fuel

nozzle in a first rotational direction.

10.  The fuel injector as recited in claim 9, wherein said air jet directs an airflow from

said fuel nozzle in said first rotational direction.

-10-



-10 31 JANUARY 2007 11. A burner section of a gas turbine ejgiR&ary 2007
conprising: a conbustion chanber; a swirler |located within sai d‘ cor$ousti on
chanber along an axis; and 5 a fuel injector nounted within said swirler
along the axis, said fuel injection operable to supply fuel to said
conmbusti on chanber, said fuel injector conprising a fuel nozzle having a

fuel jet and an, air et .defi : { is, said air jet at |east
par i i1 1y Tocucs sk SeyBEr B Hinoft LhoiihE: | 07 C "L bct fon as 1ot ed

in claim1l, whedoenbustion chaswber] er inparts a rotation to an airflow adjacent
said fuel nozzle in a first rotatjonal direction. 13. The burner section as
recited in cl ai"hﬁ"YLla?r Ippatpd ithinsg %gm%qsgmalpqn@@fglogg agjaxysy fromsaid fuel

nozzlesn said first, fu@fﬁécﬁi??ﬁotgxiterde\girtljriﬁgaiajs?zirie‘}-alo GhOMi0 i SREL L
recited in claim 12, wherelin sal swrler defines amnm inner recirculation
zone and an outaperabéciorsappltfuano zaideombudtion charnbere saidh fisd imectathamipeisingks. The

burner section as recited in claim12, wherein said swrler canpri.ses a 20
prefilmer wall fiSlfotelshavingsa (Hpiar sl o Jecded af LHEPFRIAYS FYHALAFRLf vel
nozzl e sufficigpfg TRYubedBIBRE 41 £l fefie fuel fromsaid air jet. 16. A

Srtiall
met hod of increamhg ?I ame stability 1n & burner section of a gas turbine
engine conprising the steps of: 25 (1) locating a fuel nozzle with an air

j et | et off tral. axi s withi swirl er. conprisi
bref (1or {Aar | HRrhRee Ep B ReitEhis el | LOvhegi el e FLBIPar e o 5 0PRpar

nmoment um tg oh Uk ol AAfBceht\Bid #1481 ndz8le i U Hhistrb@tioddIQirbstfIn. at | east partially
reaches the prefilmer wall during a snap deceleration condition. 30 17. A

method as recited in claim16, further conprising the step of inparting a
rotation tpy an A {LoN LLaf L%cif 0N, Rhbn Sa WISeCHHAOH 4840 the
from said fuel nozzle in said first rotational direction.
15
14. The burner section as recited in claim 12, wherein said swirler defines an inner

recirculation zone and an outer recirculation zone within said combustion chamber.

15.  The burner section as recited in claim 12, wherein said swirler comprises a
20  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.

16. A method of increasing flame stability in a burner section of a gas turbine engine
comprising the steps of:

25 (1) locating a fuel nozzle with an air jet and a fuel jet off a central axis within
a swirler comprising a prefilmer wall; and

(2)  focusing the air jet toward the fuel jet to impart momentum to fuel from

the fuel jet such that the fuel at least partially reaches the prefilmer wall during a snap
deceleration condition.

30
17. A method as recited in claim 16, further comprising the step of imparting a

rotation to an airflow from the fuel nozzle prior to the airflow exiting the air jet.

-11-



31 JANUARY 2007 18. A nethod as recited in claim16, furthgy GRURRYSIGHE t he
step of: directing an airflow fromthe air jet in a direction conplenentary
to arotational airflowdirection inparted by the swirler. 5 19. A nethod
as recited in claim16, wherein said step (2) further conprises: inparting
nmonmentumto the fuel sufficient to increase the fuel velocity to traverse

an i nner sag 1.t hi-n A ‘s as recited in claim
16, mhere?%s'sai‘gnﬁgtﬁgoﬁw(sf?& l(}rl{']ﬁlé‘?%ééh%ﬁlgﬁl%ﬁqﬁgés@g%@sgf’: shel tering the
over | appi ng i ntdirekagge ahairfleenran thé aif lj@vin far directibe camplentintaando b wetatiodial om t he
fuel jet. 15 21. A nethod as recited in claim 16, wherein said step (2)
further coilomsdipggtionampartsd bydhe syilesting the air jet on the windward side
of thesfuel jet. 22. A fuel nozzle, conprising: 20 a multiple of fuel jets
for dispensing fuel defined off a central axis; and a nultiple of air jets
of f said cEntraA nethsl saeditediin claim dd] whenin saflestayf (23 &urthel vehpfistss f or

di spensing air;, wherein said air ippjnges upon said fuel tq increase a
vel ocity of sailfiPR{{E momBentym tofhe lebsuTfigisnita agrease dhe Bl yelogiorarsise
further c hh&idatkade WML WilliguRfswitg! Jjets and a nultiple of air jets each
di sposed gﬁl a c!)gntaggl g%s.l -12s '
10 20. A method as recited in claim 16, 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.

15 21. A method as recited in claim 16, wherein said step (2) further comprising the step
of:

locating the air jet on the windward side of the fuel jet.

22. A fuel nozzle, comprising:
20 a multiple of fuel jets for dispensing fuel defined off a central axis; and
a multiple of air jets off said central axis each airjet adjacent one of said fuel jets
for dispensing air;

wherein said air impinges upon said fuel to increase a velocity of said fuel.

25 23.  The fuel nozzle as recited in claim 22, further comprising a multiple of fuel jets

and a multiple of air jets each disposed off a central axis.
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