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kel ates to fuel 10 injectors for gas turbine engines. Mre
particularly, the invention relates to a dual fuel injector that can
operate using liquid and/ or gaseous fuel. Background Art 15
The use of fossil fuel as the conbustible fuel in gas turbine engines
results in the conbustion product spggceapBosnnonoxi de, carbon di oxi de,
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majority of the products of conmbustion have been controlled by design
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operate using liquid and/or gaseous fuel.

- Background Art
15 The use of fossil fuel as the combustlble
fuel in gas turbine engines results in the combustion

products of carbon monoxide, carbon dioxide, water
vapor, smoke, particulates, unburned hydrocarbons,
nitrogen oxides, and sulfur oxides. Of these above
20 products, carbon dioxide and water vapor are
considered normal and unobjectionable. In most
applications, governmental imposed regulation further
restrict the amount of pollutants being emitted in the
exhaust gases. |
25 In the past, the majority of the products of
combustion have been controlled by design _
modifications. For example, smoke has normally been
controlled by design hodifications in the combustor,
particulates are normally controlled by traps and
30 filters, and sulfur oxides are normally controlled by,
the selection of fuels being low in total sulfur.
This leaves carbon monoxide, unburned hydrocarbons,
and nitrogen oxides as the emissions of primary
concern in the exhaust gases being emitted from the
35 gas turbine engine. s
Oxides of nitrogen are produced in two ways
in conventional combustion systems. For example,



and nitrogen oxides as the emissions of primary concern in the exhaust
gases being emtted fromthe 35 gas turbine engine. Oxides of nitrogen
ar.e produced in two ways in conventional conbustion systens. For exanpl e,
. -2- oxides of nitrogen are forned at high tenperatures within the
conmbusti on zone by the direct conbination-gf atnospheric nitrogen and

oxygen, and by the presence _of organic_nitrqgen in the fuel. The rates 5
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Past and some present systems providing
10 means for reducing the maximum temperature in the
combustion zone of a gas turbine combustor have
included water injection. An injector nozzle used
with a water injection system is disclosed in U.S.
Pat. No. 4,600,151 issued on July 15, 1986, to Jerome
15 R. Bradley. The injector nozzle disclosed includes an
annular shroud means operatively associated with a
plurality of sleeve means, one inside the other in
spaced apart relation. The sleeve means form a liquid
- fuel-receiving chamber and a water or auxiliary
20 fuel-receiving chamber positioned inside the liquid
fuel-receiving chamber. The fuel-receiving chamber is
used to discharge water or auxiliary fuel in'addition
or alternatively to the liquid fuel. The sleeve means
further forms an inner air-receiving chamber for
25 receiving and directing compressor discharged air into
the fuel spray cone and/or water or auxiliary fuel to
mix therewith. _
Another fuel injector is disclosed in U.S.
Pat. No. 4,327,547 issued May 4, 1982, to Eric Hughes
30 et al. This fuel injector includes means for water
injection to reduce emissions of oxides of nitrogen,
and an outer annular gas fuel duct with a venturi
section with air purge holes to prevent liquid fuel
entering the gas fuel duct. Further included is an
35 inner annular liquid fuel duct having inlets for water
and liquid fuel. The inner annular duct terminates in



fuel-receiving chanber and a water or auxiliary 20 fuel -receiving
¢hanber positioned inside the liquid fuel-receiving chanber. The
f-uel -recei ving chanber is used to discharge water or auxiliary fuel in

addition or alternatively to the liquid fuel. The sleeve nmeans further
forns an inner air-receiving chanber for325 recei ving and directing
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-3- a nozzle, and a centra oW passage t ch conpressed air al so
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compr essed al%éé)é;§¥g¥gé"o£”§%§g%pts to reduce the emissions of
10 oxides of nitrogen. \However, the nozzles described
above fail to efficiently mix the gaseous fluids
and/or the liquid fluids to control the emissions of
oxides of nitrogen emitted from the combustor.

An improved dual fuel injector nozzle for

15 reducing the emission of oxides of nitrogen, carbon
monoxide, and unburned hydrocarbons'within the
combustion zone of a gas turbine engine is disclosed
in U.S. Pat. No. 5,404,711 issued April 11, 1995, to
Amjad P. Rajput. The injector provides a series of

20 premixing chambers that are serially aligned with
respect to one another.

Another problem encountered in fuel injector
nozzles for gas turbine engines is excessive
temperature of a tip portion of the fuel injector

25 nozzle that can result in oxidation, cracking and/or
buckling of the tip portion. A fuel injection nozzle
having structure to provide improved tip cooling
without requiring increased cooling air quantities and
with reduced emissions of CO and NOx is disclosed in

30 U.S. Pat. No. 5,467,926 issued Nov. 21, 1995, to
Dennis D. Idleman et al. The structure includes a
shell having an inner member positioned therein
forming a first chamber therebetween, and an end piece
forming a second chamber between the inner member and

35 the end piece. An .inner body has a plurality of first
angle passagés formed therein and communicates between



the accretion of carbon to the injector. The diffusers in effect forma
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In accordance with one aspect of the present
invention, a method of mixing liquid pilot fuel with
air in a fuel injector, the fuel injector including a
liquid pilot fuel feed line having a liquid pilot fuel

15 feed line inlet and a liquid pilot fuel feed line
outlet and a pilot fuel-air mixing passage having an
interior surface and a downstream end, comprises the
steps of: driving the liquid pilot fuel outwardly to
flow aloné the interior surface of the pilot fuel-air

20 mixing passage to create a film of liquid pilot fuel
downstream of the downstream end of the pilot fuel-air
mixing passage; providing a first flow of pilot air
traveling at a first pilot air mass flow rate in the
interior of the film of liquid pilot fuel; and

25 providing a second flow of pilot air traveling at a
second pilot air mass flow rate on the exterior of the
film of liquid pilot fuel, whereby the film of liquid
pilot fuel is atomized due to shearing forces exerted
thereon by the first and second flows of pilot air.

30 ' Preferably, the method further includes the
step of generating vorticity in the flow of fuel along
the interior surface of the pilot fuel-air mixing
passage to create uniformity in the distribution of
liquid pilot fuel contained in the film of liquid

35 pilot fuel and the step of generating vorticity in the
second flow of pilot air.
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forming a first chanber therebetween, and an end piece forning a second
chanber between the inner nenber and 35 . the end piece. An inner body
has a plurality of first angle passages forned therein.and comruni cates
bet ween -4- the second chanber and a passage. A flow of conbustor air

t hrough the second chanber contacts an ai45-si de of the end piece resulting
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to create a film of liquid pilot fuel downstream of

10 the downstream end of the pilot fuel-air mixing
passage, and a device for atomizing the film of liquid
pilot fuel.

In accordance with yet another aspect of the

present invention, a fuel injector comprises a liquid
15 pilot fuel feed line having a liquid pilot fuel feed
line inlet and a liquid pilot fuel feed line outlet,

a pilot fuel-air mixing passage having an
interior surface and a downstream end, a conically-
shaped pintle swirler for driving liquid pilot fuel

20 outwardly to flow along the interior surface of the
pilot fuel-air mixing passage to create a
cylindrically-shaped film of liquid pilot fuel
downstream of the downstream end of the pilot fuel-air
mixing passage, a source of pressurized air in fluid

25 communication with the pilot fuel-air mixing passage,
and a secondary source of air in fluid communication
with the downstream end of the pilot fuel-air mixing
passage.

30 Brief Description of the Drawings

Other features and advantages are inherent
in the apparatus and method claimed and disclosed or
will become apparent to those skilled in the art from
the following detailed description in conjunction with

35 the accompanying drawings in which:



townst ream of the downstream end of the pilot fuel-air mixing passage;
providing a first flow of pilot air traveling at a first pilot air mass
flowrate in the interior of the filmof liquid pilot fuel; and 25
providing a second flow of pilot air traveling at a second pilot air nmass
flowrate on the exterior of the filmof-6+quid pilot fuel, whereby the
filmof liquid pilot fueprks at S 0k¢ '
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vorticitysin tﬁeetetnmdctbumshbwpiﬁntFiﬁn.1, I n accordance with anot her

aspect of the present i”ﬁat'gnma af #2bnkl8ElObrCORR! LRBY Fyllquid pil ot
fuel feed line_having a I qui feed l1ine inlet and a liquid

pilot fuel feednieaEosutp&en glong lineg grBoPff §&6-afé ni xi ng passage
having an interior surfa@@cand asd@w&%h&eaﬁewndf ghdevduad ffareldri vi ng

l'iquid pilot fuel tmard flow.al ong ,the i.nteri ot surface of the pilot
fuel -air n1X|n gggageta n along lines 4_Q of %ﬁG. 5,
10 FIG. 5 is an enlarged partial cross-

sectional view of a portion of the dual fuel injector
taken along lines 5-5 of FIG. 4; and
FIG. 6 is an enlarged cross-sectional view
of a portion of the dual fuel injector taken along
15 lines 6-6 of FIG. 4.

Best Mode for Carrying Qut the Invention
As seen in FIG. 1, a gas turbine engine 10
has a dual fuel (gaseous/liquid) premix injector 12.
20 The gas turbine engine 10 includes an outer housing 14
having a plurality of openings 16 therein, each having
a pre-established position in relationship to one

another. The openings 16 are distributed about a
central axis 18 of the outer housing 14. A dual fuel

25 premix injector 12 extends through each of the _
openings 16. For convenience, however, only one dual
fuel premix injector 12 and one opening 16 are shown.
Accordingly, the dual fuel premix injector 12 is
positioned in one of the openings 16 and is supported

30 by the outer housing 14 in a conventional manner.

' The outer housing 14 is positioned about a

compressor section 20 centered about the central axis
18. A turbine section 22 is centered about the
central axis 18, and a combustor section 24 is

35 centered about the central axis 18 and is interposed
between the compressor section 20 and the turbine
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to create a filmof liquid pilot fuel downstream of 10 t he downstream
end of the pilot fuel-air m xing passage, and a device for atom zing the
filmof liquid pilot fuel. In accordance with yet another aspect of the
present invention, a fuel injector conprises a liquid 15 pil ot fuel feed
line having-a liquid pilot fuel feed lineqdlet and a liquid pilot fuel

feed line outlet, .a pilgt f I-air n1X|n ass ,ng. an interior
surface and a (f(?\ﬁryfsl[dr%e en ,_ea t?’%‘eo %}a\ﬁ'ﬁe mtq% %llrJrIé?e?or
driving quuidqdéaﬁZ&t&ﬂ;éKly alﬁgn&dcﬁbout)ﬁhewmeﬂtwgﬁt&&nsnl%rand
surface of the f?%f o fon
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end of the pil @&4fuel-air mxing passage, a source of pressurized air in
fluid 25 5 comuni cati onriyé tfuthendi sedt il 221 indludeg @qséﬁge, and a

secondary sour S5 luil 2 Tlbihe! SOTTNALCE LRDet | oL Depsigupt T oam end of
O her featurescmnhenh&ﬁntnﬁmetuefmrﬁdxrwﬁnqramrn£6$§5@EWL£odenaBthod -
cl ai mred and dlaﬁl 391 m%%% @Qgg é%é%%rtéthQE&m Ki A@gthgrthe art
fromthe foll ow ng taf? escrl |n conj unction
acconpanyi ng dm&m’ ,qﬁvﬁp%hturblne sectlon 2_1ncludes a gas
10 producer turbine 30 connected in driving relationship
to the compressor section 20. When the gas turbine
engine 10 is operating, a flow of compressed air exits
the compressor section 20 and is used for cooling, for
atomizing liquid fuel, such as number 2 diesel fuel,
15 and for mixing with a combustible fuel for pilot and
main combustion in the combustor section 24, as
described in further detail below.
The combustor section 24 includes an annular
combustor 32 that is radially spaced a pre-established
20 distance from the outer housing 14 and is supported
from the outer housing 14 in a conventional manner.
The annular combustor 32 has an annular outer shell 34
that is coaxially positioned about the central axis
18, an annular inner shell 36 that is positioned
25 radially inwardly of the annular outer shell 34 and
coaxially positioned about the central axis 18, an
inlet end portion 38 having a plurality of generally
evenly spaced openings 40 therein, and an outlet end
. portion 42. Each of the openings 40 has one of the
30 dual fuel premix injectors 12, having an injector
central axis 44, generally positioned therein in fluid
communication with the inlet end portion 38 of the
annular combustor 32. As an alternative to the
annular combustor 32, a plurality of can-type
35 combustors or a side canular combustor could be



£6- FIG 1 is a partially sectioned side view of a gas turbine engine
having a dual fuel injector according to the present invention; FIG 2 is
an enl arged side view of the dual 5 fuel injector shown in FIG 1; FIG
3is a front view of the dual fuel injector taken along lines 3-3 of FIG:
2, FIG 4 is a rear view of the dual fuel_gnjector taken along |lines 4-4 of
FIG 2; 10 . I s an enl arge Cross-, sectional view

FIG b d parti al
of a portion oﬂnﬂﬂfHﬂﬁﬁtQQKﬁlﬁnﬁ%%t%ﬁaQ%&EﬁlEﬁ%ﬁﬁf???ﬁ% efsthe Fic 4 and
FIG 6 is an edlmsegasidt.0ss-sectional view of a portion of the dual fuel
I njector taken al ong 15 | i 6- 6_,0f FI Best r rayLng Qut
the I nvention As seen in pf—‘? é‘yﬁ@%r g%kéo‘flﬁrﬁli néI%hg%éhegg%?hég sggua?‘{é‘?uel
(gaseous/ | i qui duedr @remixjinjestars 22 inclidegyer 1iqbldepbhotnfued
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each having a pre-esta ed position In | ons %g_to one anot her. The
openi ngs 16 ar geheRalbiutakPadothe olviecter esnkral axisnddout B®housi ng

14. A dual fuellizhiid pilBst xfud] e£éed 12n€xd €rglsst & oigbetashdolst Ard
a tapered outlet end 50. An annular air assist
passage 52 surrounds the liquid pilot fuel feed line

10 46 and is coaxially positioned about the injector
central axis 44. An annuiar pilot gaseous fuel
passage 54 surrounds the annular air assist passage
52, has an annular pilot gaseous fuel passage outlet
55, and is coaxially positioned about the injector

15 central axis 44.

_ An injector centerbody 56 surrounds the
annular pilot gaseous fuel passage 54. A secondary
ailr passage 58 surrounds the injector centerbody 56
and is in turn surrounded by a first cylindrical wall

20 60 that, together with a second cylindrical wall 62
defines a main air passage 64. An annular.main
gaseous fuel manifold cavity 66 surrounds the second
cylindrical wall 62 and is in fluid communication with
a plurality of hollow spoke members 68, each having a

25 plurality of passages 70 therein for introducing
gaseous fuel, such as methane gas, from the annular
main gaseous fuel manifold cavity 66 into the main air
passage 64. The main air passage 64 includes a
plurality of main air swirling vanes 72 disposed

30 therein.

A plurality of air-blast atomizers 74 are
mounted to the injector centerbody 56 and, as best
seen in FIG. 4, are equally spaced radially about the
injector central axis 44. For example, there may be

35 eight such air-blast atomizers 74.



bpeni ngs 16. For conveni ence, however, only one dual fuel prem x injector
12 and one opening 16 are shown. Accordingly, the dual fuel prem x injector
12 is positioned in one of the openings 16 and is supported 30 by the
outer housing 14 in a conventional manner. The outer housing 14 is
positioned about a conpressor section 20-gentered about the central axis

18. A turbine section 22_is centered out. the central ;axis_1 and a
conbustor section 24 s B§ sh °EEn%Br§ggabSutE%ﬂBl§ ﬁPF&IlﬁxF§%1 %nd is
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pilot gaseous fuel passage 54. A plurality of second
10 crossover passages 80 allows fluid communication
between the secondary air passage 58 and each air-
blast atomizer 74. A plurality of third crossover
passages 82 allows fluid communication between the
annular pilot gaseous fuel passage 54 and the annular
15 air assist passage 52.
Each air-blast atomizer 74 is generally
aligned along an atomizer centerline 84 that is
angularly offset from the injector central axis 44 by

about 45.00. However, this angle can be varied over a

20 range of from about 45.00 to about 90.0°, depending
upon the application and working conditions in which
the dual fuel premix injector 12 is to operate.

Each air-blast atomizer 74 includes an
atomizer central air passage 86, an annular atomizer

25 fuel passage 88, and an atomizer outer air passage 90,
each centered about the atomizer centerline 84. An
outer air orifice 91 in each air-blast atomizer 74
places each atomizer outer air passage 90 in fluid
communication with the secondary air passage 58.

30 _ A cooling duct divider 92, having
perforations 94 therein, and a flared tubular insert
96, having perforations 98 therein, together define a
labyrinth-shaped cooling passage 100 that places the
second crossover passages 80 in fluid communication

35 with the outer surface of a pilot fuel-air mixing
passage 102 having a downstream end 103.
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atomzing liquid fuel, such as nunber 2 diesel fuel, 15 and for m xi ng
Wth a conbustible fuel for pilot and main conbustion in the conbustor
section 24, as described in further detail below The combustor section 24
i ncl udes an annul ar conbustor 32 that is radially spaced a pre-established
20 di stance fromthe outer housing 141a3d is supported fromthe outer

housing 14 in a conventignal nner. The anpular co stor .32.has an
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si de canul ar qngsﬁggga Qubg  be i ncorporated w t hout changing the
essence of the 1 nvention. L i
The dual fuel premix injector 12 includes an

10 injector centerbody tip 112 having an outer
‘cylindrical wall 113, and an inner cylindrical wall
114 that, together with the pilot fuel-air mixing
passage 102, defines an annular outer pilot air
passage 116. Air flowing through the labyrinth-shaped

15 cooling passage 100 cools the injector centerbody tip
112 and the outer cylindrical wall 113 and inner
cylindrical wall 114 thereof, as well as ‘the cooling
duct divider 92. Significantly, this cooling is
achieved without the need for perforations in the

20 injector centerbody tip 112. Cooling'without
perforations in the injector centerbody tip 112 is
advantageous because perforations create stress
concentrations in the injector centerbody tip 112 that
can lead to premature fatigue failure thereof due to

25 thermal stresses.

As seen in FIGS. 3 and 6, the dual fuel
premix injector 12 includes a main air inlet valve
plate 118 and a main air inlet valve pivot rod 120
that is axially rotated to open and close the main air

30 inlet valve plate 118. The main air inlet valve plate
includes a plurality of slots 119 radially spaced from
the injector central axis 44 a predetermined
dimension. The main air inlet valve plate 118 is held
closed, as seen in FIGS. 3 and 6, during operation of

35 the gas turbine engine 10 when gaseous fuel is used
and during startup using gaseous fuel. The main air




Asv further showmn in FIG 6, each of the dual fuel prem x injectors 12
tncludes a liquid pilot fuel 5 feed line 46 for introducing liquid pilot
fuel generally along the injector central axis 44. The liquid pilot fuel
feed line 46 has an inlet end 48 and a tapered outlet end 50. An annul ar
~air assist passage 52 surrounds the liquiid-pilot fuel feed line 10 46

and is coaxial]y_ positjoned_about _the |n ect ral axis.44. An_annul ar
pi | ot gaseous *%%?tpﬁ%%&@epéﬂt§uﬁﬁguﬁas° fae nhﬁlgﬁ e Ppinsais; 18d6&age 52,

has an annul arv@lvetpgeseousdf 420 pasaagewomblret aih, tandntercahei al |y

posi tioned abo h 1 n I Ject cent er body
56 surrounds tﬁ% é %b #gggggf §§555§§ %&%Icgﬁ§§eéé°§Agele§§b% ary air
passage 58 sur(BU@dsli hdukapgcrperegios bEd§ 969&ﬁdtp§b#ﬁetGﬂﬂ%ﬁ%’ﬂ@bnded

Ezl?nLLrgg|C&g$HQ%5§gguﬂﬁ|Eu%@ is @Qebhat ast agehheh WIGh %lsé%Qﬁﬂ
fi mai.n _ai,r ssa annuyl ar i n_gaseous
fuel nanifold EH??t?hSGméﬁprG&ﬁd§n§ﬁ@ §538ﬁd%§§EIH&FIC&F wa R g; isin
fluid connunlcpbsmnlmnthtaepmamm|am¢ dinlledl valvep pda teetlér slo®, nedch
having a 25 ﬁgbﬁgakhgy %§r7%a%@%r | Bgf or introduci ng gaseous

t

fuel, such as ane gas ron1 he an mai n ‘gaseous fuel manifold
cavity 66 into the main aisr seedsdge FI6. Fhe aniainigasgeisaddieds incl udes a

pluralitygof naBpaiF tae’ hioR9 1\2NeS £Fi%id YRe@hication with the

annular main gaséous fuel manifold cavity 66. A pilot
gaseous fuel supply tube 124 is in fluid communication
with the annular pilot gaseous fuel passage 54. A
pilot liquid fuel supply tube 126 is in fluid

15 communication with the inlet end 48 of the liquid
pilot fuel feed line 46. An air assist supply tube
127 provides compressed air to the annular air assist
passage 52 from an external source, such as a "shop
air" system or a dedicated compressor.

20
Industrial Applicability

The dual fuel premix injector 12 operates as

follows. Compressed air from the compressor section
20 enters the main air passage 64 and the secondary

25 air passage 58 from the left hand side of the dual
fuel premix injector 12, as seen in FIGS. 1, 2, 5, and
6. When the gas turbine engine 10 is operating using
main gaseous fuel, the main air inlet valve plate 118
is closed and compressed air from the compressor

30 section 20 passes into the main air passage 64 through
the slots 119 in the main air inlet valve plate 118.
This compressed air mixes with gaseous fuel which is
introduced from the main gaseous fuel supply tube 122
‘to the annular main gaseous fuel manifold cavity 66

35 and then to the main air passage 64 through the hollow
spoke members 68 and the passageé 70 therein. The
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30 therein. Aplurality of air-blast atomzers 74 are nounted to the
tnj ector centerbody 56 and, as best seen in FIG 4, are equally spaced
radially about the injector central axis 44. For exanple, there may be 35
ei ght such air-blast atom zers 74. As shown in FIG 6, liquid fuel is
fed to each air-blast atom zer 74 throughhza main [iquid fuel feed line 76

and a fuel orifice 77 associated,wth each air-blast. atom z 74. .Liquid
fuel is fed t FIFRPGS %ﬁ% netF U gtrae) nFéEdP??ﬁ%ﬁ;éhFPBa‘agﬁﬁi ﬁ‘alquﬂi d

TFFI suPFIydtuhﬂr(Q@irshngnwanéspﬂnrahdtysofufther miredotberpbysages 78
. \ Con. bet : oh
o oo o SEELCabt 8P BEC 4R SR RORIRG e lufpRSS76¢ pRatad (e

annul ar pil ot "‘gaseous ssage i second ]
crossover passalgethgodevnstiseanysddeonrightahand BédeechsSt E@eBedBndary air

passage 5§ ande@.Chsfi 6f BhasBualoFhésr pfémid Bhﬁéah;b&ylef. t BietdrCr ossover
passages 82 allows, fl uid conmuni cati,on etmggg t gnn gar gllot gaseous
fuel passage SeXhhiPgnEhgnARPYta¥smixipg, chawper gg sag ©59aSEQUR air- bl ast
atomi zer 74 isfgebheadk| yigkugeedsabargedniat ehiezanncdatrecbmbas®ért hat is

angul arly offsgé_fronlthe i njector central axis 44 by
If pilot gaseous fuel is to be used, for

10 example, for starting (lightoff) of the gas turbine
engine 10, the main air inlet valve plate 118 is
closed. Air introduced from the compressor section 20
into the secondary air passage 58 passes through the
first crossover passages 78 and mixes with gaseous

15 fuel, that flows from the pilot gaseous fuel supply
tube 124, in the annular pilot gaseous fuel passage
54. Part of this pilot gaseous fuel-air mixture then
is swirled by.the exterior swirling blades 104 and the
remainder of the pilot gaseous fuel-air mixture is

20 diverted through the third crossover passages 82 into
the annular air assist passage 52. The diverted
portion of the pilot gaseous fuel-air mixture is
swirled by the conically-shaped pintle swirler 106.
The pilot gaseous fuel-air mixture swirled by the

25 exterior swirling blades 104 is reunited with the
pilot gaseous fuel-air mixture swirled by the
conically-shaped pintle swirler 106 at the downstream
end 103 of the pilot fuel-air mixing passage 102 for
ignition in the annular combustor 32.

30 When the gas turbine engine 10 is operating
using main liquid fuel, the main air inlet wvalve plate
118 is open and compressed air from the compressor
section 20 flows into the main air passage 64 without
being impeded by the main air inlet valve plate 118.

35 The compressed air in the main air passage 64, after
passing through the main air swirling vanes 72, mixes



about 45.0[err]. However, this angle can be varied over a 20 range of
from about 45.0[err] to about 90.0[err], depending upon the application and
wor ki ng conditions in which the dual fuel prem x injector 12 is to operate.
Each air- bl ast atonizer 74 includes an atom zer central air passage 86., an
annul ar atom zer fueI passage 88, apg.an atomi zer outer air passage

90, each centered about e_atom zer centerli 84. A out er ifice 91
in each air-bl &tth ’8|%‘&%fs ’e%cﬁ‘tﬁ‘?ﬁ'} eeﬁ"rrglajéﬁée 90 | n

fluid communi caattmm:tsh The Mo@iy—mastpmgm@s 78M0mperates as

| d d 2,. f
Cubul ar i neert BRI CObPEe 80 ELERASeS ic L s B0 daty SuEE
| abyri nt h- shap@hsaage rﬁgﬁ p%issqg@hmmetmmqi TS IINREE RIFRRELDSEBv er

passages &) 'néd&'ﬂ;wm'&eémpaeé%entﬂi haif‘epé’éléé‘%e sslefmerefle pi | ot
fuel -air n1X|n%HPassa ge 102 having a downstream end - The outer

surface of the PheHt YRMAXAY 37 FQ 5%%s%h@hﬁ0%sl§ﬁﬁQm%% E&?e?FB?ssmnrllng
bl ades 104, ancha:mnoaflwhém:pﬁbpwtlstawizé:ewtwﬁmmdiﬁpmed 6n t he

tertor SU AR ddeedd| B, | HEISPLE Fea B! i POSSEREa2) a1
passage 58, through the outer air orifice 91, into the

10 atomizer outer air passage 90 where it is swirled by
the swirling blades 110 as it flows upwardly and to
the right as seen in the cross section of the air-
blast atomizer 74 shown in FIG. 6.

Meanwhile, liquid fuel, introduced into the

15 atomizer fuel passage 88 from the main liquid fuel _
feed line 76 through the fuel orifice 77, is swirled
by the swirling blades 108 within the atomizer fuel
passage 88 as the liquid fuel flows upwardly and to
the right as seen in the cross section of the air-

20 blast atomizer 74 shown in FIG. 6. The swirling of the
liquid fuel causes it to form a film on the wall of
the atomizer fuel passage 88 as it exits the atomizer
fuel passage 88. The film of fuel is simultaneously
broken up into droplets (atomized) and mixed with air

25 upon exiting the air-blast atomizer 74. This
atomizing and mixing action is due to the shearing
forces applied to the film of fuel as it is caught
between the compressed air exiting from the atomizer
central air passage 86, flowing at a first atomizer

30 air mass flow rate, and the swirling compressed air
exiting from the atomizer outer air passage 90,
flowing at a second atomizer air mass flow rate
different from the first atomizer air mass flow rate.

This liquid fuel-air mixture is further mixed with

35 swirling air from the main air passage 64 in the



are disposed within the atom zer fuel passage 88, and swirling blades 110
are disposed in the atom zer outer air passage 90. The dual fuel prem x
i.njector 12 includes an 10 i njector centerbody tip 112 having an outer
cylindrical wall 113, and an inner cylindrical wall 114 that, together with
the pilot fuel-air m xing passage 102, deihnes an annul ar outer pilot air

passage 116. Air flomﬁn throu t.he I ed 15 olin assage

100 cool s thelqﬂ éhﬁmQ ﬁg% 33 %rl%?+Fﬁ rf%a?hga

113 and i nner aﬂnuﬁkr(ndeWStonjmzthereof as wel | as the cooling duct

di vi der 92. S'gn'f'Ca”tlYIftfiipfgoﬁiﬂgt'Eaﬁfhi§vfg %gtﬂgga t pgyneed for
tor r

perforations in the 20 cente { Cool i ng. wi t hout
perforatlons||¢%§ﬂ?¥Qneiﬁ?ns%ﬁﬁﬁhﬁ%oﬂ¥lghEP ip ¢§ Be PR 8 gEBERLIBRCcause

Iﬁrzfﬂ\ atlcms lcrea?lméticeﬁs?m@nﬁfmrairomleﬂ wﬁverwstgrlpienmwbbdytth i p |

at can le 0 enaj ur e ur e ue.to er ma

stresses. é'grf’ ?fi%‘t% 13 use a%igt %Iéjluooﬁ’erf‘u ?eir}gu?'ﬂj 8(’:?8F 12

i ncl udes a_naufunk 1sﬂrntmeduee@lBthlﬂBeahﬂqmldapnlatrfuelefeedlve pivot

od w20, Lhat | SR gy RLE! e 0a00ER BREoCLASCoLOENARLY B 3O 1NiC!
es urality

val ve plate 11 he main air val ve te rnc of
slots 119 ram194§5%$%0%%I?@%ﬁ?ﬁh%hFﬂF@btbhec§h¥$ElC§Q$§°H§rapﬁﬁéégﬁérn1ned
10 78 and into the annular pilot gaseous fuel passage 54.

Part of the air in the annular pilot gaseous fuel
passage 54 is then swirled by the exterior swirling
blades 104. The remainder of the air in the annular
pilot gaseous fuel passage 54 is diverted through the

15 third crossover passages 82 into the annular air
assist passage 52 where it mixes with additional
compressed air supplied to the annular air assist
passage 52 from the air assist supply tube 127.

The air from the third crossover passages 82

20 and the compressed air from the annular air assist
passage 52 and the liquid pilot fuel from the outlet
end 50 of the liquid pilot fuel feed line 46 pass
through the conically-shaped pintle swirler 106,
causing the liquid pilot fuel to form a uniform film

25 on the interior of the pilot fuel-air mixing passage
102. As the film of liquid pilot fuel exits the pilot
fuel-air mixing passage 102, it is simultaneously
broken up into droplets (atomized) and mixed with air.

This atomizing and mixing action is due to the

30 shearing forces exerted on the film of liquid fuel by
the compressed air exiting from within the pilot fuel-
air mixing passage 102 at a first pilot air mass flow
rate, and the swirling compressed air from the
exterior of the pilot fuel-air mixing passage 102, at

35 a second pilot air mass flow rate different from the
first pilot air mass flow rate, that is also mixed



‘dimension. The main air inlet valve plate 118 is held closed, as seen in

FIGS. 3 and 6, during operation of 35
gaseous fuel

to allow nore air to enter the nain air_pgssage 64 fromthe conpressor

l'iquid fuel

i Wi@ir pEr

the gas turbine engi ne 10 when

( is used and during startup using gaseous fuel. The main air
inlet valve plate 118 is opened by the main air inlet valve pivot rod 120

section 20 .(FIG 1) durin OEﬁration of the %gs t ur bj pe en%ine 10 5
e

¢ nleprrinthesRaP s eroP hitn el

when

S§PPCinl et val ve

plate 118 is iTo@. clTisedl pgaidi phlot heusb+ainimixtheé ial thepl ate 118 does

f uel

not Ciger-t25§%$§9$% ; &géﬁepgﬁﬁ ??ﬁfgcmﬁﬁs§8?n3.n FIG 5, a main gaseous

s In conmmuni cation with the annul ar

mai n

gaseous fuel manifol d calheyuss. of Acpnpresgadeais ineFhguppkerigsecf2s is

in fluid gomughgabi oor WehB1therannyiag

pi | ot

d g ?hkeageaﬁegulsréveh_eaasaaga 54. A
_ l'iquid fuel sqgglé t ube 126 |§ in, lﬁ#d %5 . connunlcgtlon with the
inlet end 48 Jfi@eoPREAELINEi FARILPLEPT s LLRFPRL, 48:-2AnCHPP WEBEPst supply

tube 127 provitigereoppr asied pressarthdrepnatassai thasdial ffasiage 52 from

an external
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possible because the compressed air in the interior of
the pilot fuel-air mixing passage 102 prevents the
film of liquid pilot fuel from collapsing upon itself
as the film of liquid pilot fuel exits the pilot fuel-
air mixing passage 102. Such a collapse of the film
of liquid pilot fuel would prevent proper droplet
formation from occurring under some operating
conditions, such as when there is a low pressure drop
across the dual fuel premix injector 12. A relatively
narrow pilot liquid spray pattern having a cone angle-

of from about 40.00 to about 45.00, while using a ratio
of second pilot air mass flow rate through the annular
outer pildt air passage 116 to first pilot air mass
flow rate through the pilot fuel-air mixing passage
102 of about 2.5:1.0, has been found to provide
acceptable performanée.while avoiding the impingement
of liquid pilot fuel onto the injector centerbody 56
that can result in carbon buildup. However, the '
opfimal spray pattern characteristics will vary
depending upon the application and working conditions
in which the dual fuel premix injector 12 is to
operate. .

The configuration of the dual fuel premix .
injector 12 in accordance with the present invention
‘provides numerous performance advantages. The
labyrinth~-shaped cooling passage 100 proVides enhanced
cooling of the injector centerbody tip 112. Because
the hollow spoke members 68 are located upstream of

SONLS81xSYDeBR08 187OPRLL  wEYS! 8Bk RhtEngedhhighed comPr essor.



Frndustrial Applicability The dual fuel prem x injector 12 operates as
follows. Conpressed air fromthe conpressor section 20 enters the main air
passage 64 and the secondary 25 air passage 58 fromthe |l eft hand side
of the dual fuel premx injector 12, as seen in FIGS. 1, 2, 5 and 6. Wen
the gas turbine engine 10 is operating usigg nmai n gaseous fuel, the main

air inlet valve plate 118 is cl aosed and coggéggégg air.fr3p1the conpr essor

30 section Ebepmadds i SWiF R Vaiss 4% nfough the slots 119

in the main ai upistirelany@fvehy atier-Hlo st tondoerseskad thie potenrtiath

gaseous fuel | ch.i,s J.nfr ce | qggy@t I ly tube 122
to the annul a\rM%I i &1$§%u§%&ue%3%€%%@%vﬁr&a6 35 ééi@aarﬁf:jggey to the
mai n air passag@naamﬂmaiHHGtﬂhﬁfﬂﬂﬁ%ﬁ#%ﬁﬁ%@lﬁﬁﬁﬁﬁﬂ§(ﬁ?%%uﬂ? %ﬁ%sages 70
therein. Bie cavlity @6y Jralndigadiades e70exi 1ns Iusl Idw osigbkée he main

Anul ar | Xt ng RERRRSE Ss Tk AARPRAS (FESIGHT T R e e ent TG si de.
as seen in 5 cydle fPtinfud heratieing uef heningeciecteenterbodytipexiting
the annuiar m xing LHATRST: éfhat NGe B8SEOYS1 Updadtda Tbatatise  S£PERGRT 1N
enhanced air cooling of the injector centerbody tip
10 112. The use of relatively large diameter passages
for the liquid pilot and main fuel avoids problems
commonly aSsoCiated with injectors having smaller
passages, such as plugging or clogging of passages due
to minute amounts of contaminants. Coke formation on
15 the interior surface of the annular mixing chamber 128
is minimized due to the optimal main liquid fuel
droplet size and pattern achieved by the dual fuel
premix injector 12. Similarly, coke formation on the
injector centerbody tip 112 is minimized due to the
20 optimal pilot liquid fuel droplet size and pattern
achieved by the dual fuel premix injector 12.
The dual fuel premix injector 12 is
nominally intended to operate on either natural gas or
_ diesel fuel, with the capability of starting the gas
25 turbine engine 10 on either fuel and transferring
between fuels while the gas turbine engine 10 is
operating. The design of the dual fuel premix
injector 12 also allows the gas turbine engine 10 to
| operate using both gaseous and liquid fuel
30 simultaneously. The dual fuel premix injector 12
allows the gas turbine engine 10 to achieve low
‘emissions of oxides of nitrogen while operating on
either natural gas or liquid fuel through lean-
premixed combustion, without other dilutents such as
35 water or steam. .
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32: If pilot gaseous fuel is to be used, for 10 exanple, for starting
tlightoff) of the gas turbine engine 10, the main air inlet valve plate 118
s closed. Air introduced fromthe conpressor section 20 into the secondary
air passage 58 passes through the first crossover passages 78 and m xes

wi th gaseous 15 fuel, that flows frompghe pilot gaseous fuel supply tube
124, in the annul ar pil ot gaseous fuel passage 54. Part of this pilot
gaseous fuel-air mixture FEBRToUEs pdiEications avdertbPERAFLVENg bl ades

3_04 anddt hﬁ rer@tﬁwim%ﬁt% fwfpth@tlﬂeéﬁ@yénfwﬂizabé éinﬁ%hléﬂtl ﬁ<|>29ho_s,e
iverted through t jrd_crosspver ssa nto the annular air -
assi st passageg{l?‘ﬁ?‘h HVERE e3F Q?"Pl‘zhe‘ﬁfgfhﬁgﬁi fL‘?)FeS%%%gus fuel -air
mxture i s sw rdeschiptien conhcadrgisghpedthist dessniptionl1d8. tPhbepi | ot
gaseous fugl 'a'%oﬂ%ﬁ‘fﬁ’éﬁoii‘w {180sb¥atife20n1y. BXECIEOFoR MAL! BllrBogdes 104

is reunited wt aseous ar i Xture swrl 1¥1
coni cal | y- shapé?jf p‘i—?ﬁqﬂél%gm @fe 195135%9@hbndE%s?FEaﬁhﬁnHe§§3 gret A€ pi | ot

fuel -air mxi ngcpaspigs 4@ the igwehtoonin The aevalias egnbnetor 32. 30

When t he gasturblne en i S_opernati d fuel, the
o e oo ORISR Ry Be | R BB KRR P R Ay EbEC 1 e
conpr essor sectd@ammgpﬁsoxﬁntbet aplrmtnoal theaisugntéanw andutheei ng

i npeded bygthe gpiiy,8idel B58to¥2hYE RbALRiddPions which come within

the scope of the appended claims is reserved.
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35¢ The conpressed air in the main air passage 64, after passing through
fhe main air swirling vanes 72, nixes -13- with Hguid fuel that is
l-ntroduced by the air-blast atom zers 74. Each air-blast atom zer 74
operates as follows. Conpressed air passes fromthe 19’1’!’% ulﬂIIMHﬂsage
58 through the second crossover passages-86-5 and’ 1} Wl dlr
central air passage 86 where it flows uegg&%ly and to the rlgH{ as seen in
the cross section of the air-blast ato 4 shown in FIG 6. Conpressed
air is also fed fromthe secondary air passage 58, through the outer air
orifice 91, into the 10 1, at WiZSFhOIIEE Ri%iP Sff?@-gqp¥@8£6fh%lls
swrled by the swirling blades 110 as it flows ngma dTy.and to the right as
seen in the cr@Estl'bé"dt‘lgdrP(ﬁ iRl Jlniegten, Bhe

yel ¥aJeEBAR in FIG 6.
Meanwhi | e,5 | i quintXutking iant X Dgut@dpi 16 fihel 1Peed PingiBgvihgeh passage 88

f h in l4i.qujd;f [ 6, th h el orifiLce, 77, is
wi 11 ed by t he "SHH Mt abled e CHE CHELSt omrdef HEMAGELIEE 88 as
the liquid fuelfyalovieathviing younteto ahed aightotsfyebrain mhringoss
section of theRidsadd havih@Sdn A RELELEr TuSPRUE by ::+ C%?@nsgggaﬁw riing

I qui uel] causes it"to forma, filmon the wa
of the liquid enA, E%e method comprising the steps of: '
10 driving the liquid pilot fuel outwardly to

flow along the interior surface of the pilot fuel-air

mixing passage to create a film of liquid pilot fuel

downstream of the downstream end of the pilot fuel-air
mixing passage:; _

15 providing a first flow of pilot air
travelling at a first pilot air mass flow rate in the
interior of the film of liquid pilot fuel;

providing a second flow of pilot air
traveling at a second pilot air mass flow rate on the

20 exterior of the film of liquid pilot fuel}

whereby the film of liquid pilot fuel is
atomized due to shearing forces exerted thereon by the
first and second flows of pilot air.

25 2. The method of claim 1, further
including the step of generating vorticity in the flow
of fuel along the interior surface of the pilot fuel-
air mixing passage to create uniformity in the |
distribution of liquid pilot fuel contained in the

30 film of liquid pilot fuel.

3.- The method of claim 1, further
including the step of generating vorticity in the
second flow of pilot air.

35



the atom zer fuel passage 88 as it exits the atom zer—fuet—passage88—The

filmof fuel is sinmultaneously broken up into droplet \ m xed
with air 25 upon exiting the air-blast atom zer 74ﬂ| Immmm ﬂ” H and
m xing action is due to the shearing forces applied tosthe Tulm Ols T«€el as
It Is caught between the conpressed air €x9+¢ing fromthe atom zer central

air passage 86, flowing gt a fir, at,Qmi 3 I ss flowrate, and
the swirling conpressed gir e% tfﬁlﬁleg% %‘(r&g‘r%%t%rr?er %togﬁfgg’rln ter air passage 90,

flowing at a second atonPzéddiid padets el feeddilifer davingom the first

N Th 38 S RS e LR e e L e T ar
Wi SWi L. . -14-

m Xxi ng chanberkkﬁg SgFgrélﬁﬁ ﬂgi%g%;ted in the annul ar conbustogngf})lff
liquid pibot fuel is to bepided fuel-edanmixinkopastsadd Maving 0
thg gaspturbingnﬁe io8Ngh %a%%’a5$ﬁdm@d%ﬂg ré%ﬂ'% valve plate 118 may be
cl osed but is usuafﬁy helg open. e.Ith|&{p|_ot .del i s introduced into
the liquid pilot fuel feB@ansnd&ors drivinontlieticediilatto fived secondary air

passage 58 pasgagwhPBOYIRol AW allony B UNRATIAWT face of the
pilot fuel-air mixing passage to create a film of
10 liquid pilot fuel downstream of the downstream end of
| the pilot fuel-air mixing passage; and
means for atomizing the film of liquid pilot
fuel.

15 5. The fuel injector of claim 4, wherein

the atomizing means comprises: '
means for providing a first flow of pilot

air traveling at a first pilot air mass flow rate in
the interior of the film of liquid pilot fuel; and

20 means for providing a second flow of pilot
air traveling at a second pilot air mass flow rate on
the exterior of the film of liquid pilot fuel.

6. A fuel injector comprising:

25 a liquid pilot fuel feed line having a
liquid pilot fuel feed line inlet and a liquid pilot
fuel feed line outlet;

a pilot fuel-air mixing passage having an
interior surface and a downstream end;

30 a conically—shaped'pintle swirler for

- driving liquid pilot fuel outwardly to flow along the
interior surface of the pilot fuel-air mixing passage
to create a cylindrically-shaped film of liquid pilot
fuel downstream of the downstream end of the pilot

35 fuel-air mixing passage;
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10 78 and into the annul ar pil ot gaseous fuel passage_54 .Part of the_
air in the annul ar pilot gaseous fuel passage 5 wrled

exterior swirling blades 104. The renmai nder of the a| r ”!Iumiﬂum,g mtu Illr | ot
gaseous fuel passage 54 is diverted through the 15

passages 82 into the annul ar air assist _gfisage 52 where it mxes with

addi tional conpressed air supplied to the*annul ar air assist passage 52
fromthe air assist suppRysouyecel®f athe im f Muicincommurtioat icyro ssioster
passages 82 20the pidotheueqns e ular air assist
passage 52 and theﬁl iquid pi :I%ﬁsﬁﬁﬁﬁigrr%fts%ggée& Iagitwend 50 of the liquid
pilot fuel feed Iine 46 BaSE&PRAGFEh SHEComfc AL ighddaddintl e swirler
106, causing tbemhinicdtpbhowifthelthieo downBtardsn fedidnds ltRepiloton the
interior gf th hLot f XII’] passage 102. As the filmof liquid
pi | ot fue? exi ?gg?hgiﬁl *ﬂ?%uﬁg{ap gs[a xi ng passage 102, it is

si mul t aneously broken up into droplets (atom zed) and m xed wth air. This

atom zing and mi Xi ng act r70n | eh@ue e 4l ”ﬁ?e%ﬁor %61%{&9 mtﬁéfrted_ on

the filmof Iigui y the conpressed alr exitin ' he pil ot
fuel - air mxihgc ‘&géﬁgemféﬁ‘satﬁ& genarafiing vegnti fﬂfb\ﬁkl%tte, and the

swirling conpré&tewdingi frbmonrhicheeeonargs sdfurldee oF lagtr fuel -air m xing
passage 182, at 35 a second pil ot ai r mass flow rate different fromthe
first pilTot air mass flowrate, that is also m xed

8. The fuel injector of claim 7, wherein
- the vorticity generating means is disposed on the
exterior of the pilot fuel-air mixing passage.

15



“1b- with air fromthe | abyrinth-shaped cooling passage 100. The |iquid
pilot fuel-air mxture is then ignited in the annular conbustor 32. The use
of conpressed air in the interior of 5 the pilot fuel-air m xing passage
102 provides for a wide operating range for lightoff, i.e. even when there
is alow pressure drop across the dual fugh_premnix injector 12. This wide
operating range is possible because the conpressed air in the interior of
10 the pilot fuel-air nixinfbphsagheofobhe,Bisalasure filmof liquid
pilot fuel fromcollapsing upon itself as the filmof liquid pilot fuel
exits the pilot fu r QQQL§&EL§E§§§§EQE¥E film
of liquid pilot fugkgyib quégP iﬁ&hjﬁ%%F% %N Eﬁ& rom
occurring under sone mmrthM TWINEoDBGIEEucIDUEB FWEeh IMEEGTOR a | ow
pressure dgop across the dual fuel prem x injector 12. A relatively narrow
pilot liquid spray pattern having a cone angle of from about 40.0[err] to
about 45.0[err], while using a ratio 20 of second pilot air mass fl ow
rate through the annul ar RUaﬁélpfhéll Qhﬁe@ﬁé?aﬂﬁclﬂ@eboaﬁl ap{oapaltgts air

I
engine. The injector includes a liquid pllot fuel
10 feedline having an outlet that sprays fuel on the
conically-shaped pintle swirler that causes the fuel
to form a cylindrically-shaped film on the interior of

a pilot fuel-air mixing passage. The film of fuel is
broken up into droplets at a downstream end of the

15 pilot fuel-air mixing passage by shearing forces
exerted on the film by separate streams of air flowing
within and externally of the pilot fuel-air mixing
passage.

Fig 1
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actept abl e performance while avoiding the inpingenent 25 of liquid pilot
fuel onto the injector centerbody 56 that can result in carbon buil dup.

However, the optimal spray pattern characteristics will vary dependi ng upon
the application and working:conditiong Agy which the dual fuel prem x
Injector 12 is to 30 operate. The cOnfiguration of the dual fuel prem x

I njector 12 in accordance wth the present invention provides nunmerous

per f ormance advant ages. The | abyri nt h-shaped cool i ng passage 100 provi des
enhanced 35 cooling of the injector centerbody tip 112. Because the

hol | ow spoke nenbers 68 are | ocated upstream of -16- the main air
swrling vanes 72 that are in turn upstream of the air-blast atom zers 74,
the potential for liquid fuel droplets mgrating upstream and contam nating

t he annul ar mai n gaseous f uel f ol Vi 66 andﬁbr t k® passages
70 in the holl ow spoke ne 6 0 ' oke, Jis phevented.
Low cycle fatigue crackipgZgf t nj\ect of b 112 Jdue
thermal stresses is reduc e ofl\thele ai ng of [fhe

i njector centerbody tip 1 w11R. e | e didneter
passages N 7
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for the liquid pilot and main fuel avoids problens conmonly associated with
ihjectors having small er passages, such as plugging or clogging of passages
due to m nute amobunts of contam nants. Coke formation on 15 the interior
surface of the annular m xi ng chamber %%%is m ni m zed due to the optinal

main liquid fuel droplet size and patt achi eved by the dual fuel prem x
injector 12. Simlarly, coke formation on the injector centerbody tip 112

is mnimzed due to the 20 t pemaui d fuel droplet size and
pattern achi eved by the dual fu %n' or 12. The dual fuel prem x
injector 12 is nomnally inten e on elther natural gas or

diesel fuel, with the capahjlity of starting the gas 25 t ur bi ne engi ne
hnd trgh

10 on either fuel erring between fuels whil t ur bi ne
engine 10 is opera}jing. The design pfQthe dual fuel prem x injjector 12 al so
allows the gas turpine engine 10 to erate using bot-h gaseouq and liquid
fuel 30 si nul t apeously. The dual fue| prem,x injector 12 g | ows the gas
turbine engine 10 Jo achi eve | owfjem ssi ops of /0ki des of nitrodgen while
operating on eithef natural gas ¢r |iquil fuxel t\nrough |ean- grem xed
conmbustion, w thout other dilutefgts sgch as\ B5 wat er or stéam
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-19- Numerous nodifications and ‘al ternative enbodi ments of the invention
Wi ||l be apparent to those skilled in the art in view of the foregoing
description. Accordingly, this descriptionis to be 5 construed as
illustrative only and is for the purpogﬁ/ef teaching those skilled in the
art the best node of carrying out the ifvention. The details of the
structure nmay be varied substantially w thout departing fromthe spirit of,
the invention, and the 10 ex | of | nodifications which cone
wi thin the scope of the appendemné ved. -18- Cains 1. A
met hod of mxing liquid pilot f ° = 1IN a fuel injector, the fuel

i njector 5 including a liquid pilot fuel feed line having a |iquid pil ot
fuel feed line inlet and a liquid pilot fuel feed line outlet, and a pil ot
fuel -air mxi ng passage having an interior surthijand a downstrearm end,

t he nethod conprising the steps ©of.-10 driving the liquid

pil ot fuel outwardl—to-flow Are—tre—-Rt-efH{ or surfqce of the pi | ot
fuel -air
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v

mi°xi ng passage to create a filmof liquid pilot fuel downstream of the
downstream end of the pilot fuel-air mxing passage; 15

providing a first flow of pilot air travelling at a first pilot air mass
flowrate in the interior of the filn1db/6iquid pilot fuel; providing a
second flow of pilot air traveling at a second pilot air mass flow rate on

the 20 exterior of the film lguid pilot fuel; whereby the film of
liquid pilot fuel is atom zed du in rces exerted thereon by the
first and second flows of pil ot , — e D, The met hod of

claim1, further including the step of generating vorticity in the flow of
fuel along the interior surface of the pilot fuel- air m xing passage to
create uniformty in the distribytion of liquid pilot fuel contained in the
30 filmof liquid pilot f The nethod of claim1, further

I ncluding the step of gener trerty—tm—the second flow of pilot air
35 -19- 4. A fuel injegtor DI 1T ST NQg.
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é*Fiquid pilot fuel feed line having a liquid pilot fuel feed Iine inlet
and a liquid pilot fuel feed line outlet; 5 a pilot fuel-air
m Xi ng passage having an interior surface and a downstream end; neans for
driving liquid pilot fuel outwardly togig w along the interior surface of
the pilot fuel-air m xing passage to c e a filmof 10 l'iquid pilot
fuel downstream of the downstream end of the pilot fuel-air m xing passage;
and neans for atom zing the filmof liquid pilot fuel. 15 5.
The fuel injector of claim4, wherein the atom zing neans conprises: neans
for providing a first flag of pilow—air traveling at a first pilot air mass
flowrate in the interiorfNof the figrmof liquid pilot fuel; and 20
means for providing a secpnd flow pilot air traveling at a second pil ot
air mass floq rate on thefexterior f the fqln1of liquid pilot fuel. 6. A
. N IR :

fuel injec conpri $TAg125 l'i ne
having a | dpilo ugl feedrifi ne 11fe Id{pilot fu feed
line outlet; pi | ot Eajel ai r mfApi SAg a nfAnterior face and
a downstre d; 30% oty cl I|y4s e Rplmtl e swirl for-
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deiving liquid pilot fuel outwardly to flow along the interior surface of
the pilot fuel-air mxing passage to create a cylindrically-shaped fil m of
Fiquid pilot fuel downstream of the downstream end of the pilot 35

fuel -air m xi ng passage; -20- a sour f air in fluid comrunication
with the pilot fuel-air m xing passage; a secondary source of air in
fluid conmuni cation with the downstreamend of the pilot 5 fuel-air

m Xi ng passage. 7. The fuel injector of claim®6, further including neans
for generating vorticity in air flowing fromthe secondary source of air.
10 8. The fuel ingector of abaim %o Whey & & the vordyicity generating

means i s disposed ot he gtgrgcg gf:tgje‘?pggt fuel -ar mxing passage. 15
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