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ABSTRACT

A fuel injector for a fuel spray nozzle of a gas turbine engine combustor includes an
angular lip axially projecting into an upstream section of an annular passage to guide a
fuet layer vortex to flow along a radially outer passage wall of the annular passage and
to guide an air layer vortex to fill into and pass through an annular space between the
fuel layer vortex and a radially-inner passage wall of the annular passage. The air layer
vortex is free of mixing with the fuel layer vortex before the fuel layer vortex is

discharged from the annular passage for fuel atomization.
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FUEL INJECTOR FOR FUEL SPRAY NOZZLE

TECHNICAL FIELD

The application relates generally to gas turbine engines and, more particularly, to a fuel

injector for fuel spray nozzles in a combustor for such engines.

BACKGROUND OF THE ART

Gas turbine engines require fuel injection systems for delivering fuel to a combustion
chamber in which the fuel is atomized and mixed with air before combustion. A fuel
injection system may include one or more fuel spray nozzles to atomize the fuel in order
to ensure its rapid evaporation and burning when mixed with air in the combustion
chamber. A fuel spray nozzle may include a fuel injector which includes an annular fuel
passage to deliver fuel and create an annular film of liquid fuel to be discharged from
the annular fuel passage. The discharged annular liquid fuel film is then entrained in
and atomized by swirling air streams produced by air swirlers. The swirling air streams
move much more rapidly than the discharged liquid fuel film in order to atomize the
latter. Efforts have been made to provide new configurations of fuel injectors and to
improve fuel/air mixing and fuel atomization in order to achieve lean burn combustion

while maintaining combustion efficiency during engine operation.

Accordingly there is a need for an improved fuel injector for a fuel spray nozzle and an

improved method for spraying fuel into the combustor of gas turbine engines.

SUMMARY

In one aspect, there is provided a fuel injector for a fuel spray nozzle of a gas turbine
engine combustor, the fuel injector defining an axial central axis thereof and
comprising: an axially-extending first annular passage surrounding the central axis and
located between radially outer and inner passage walls, the first annular passage
having an open downstream end and including an annular lip projecting axially into and
radially dividing an upstream section of the first annular passage into an outer-diameter
upstream subsection and an inner-diameter upstream subsection, the outer-diameter
upstream subsection configured for guiding a fuel layer vortex formed in the outer-

diameter upstream subsection to flow along the annular outer passage wall toward the



10

]
N

CA 02938410 2016-08-08

open downstream end, and the inner-diameter upstream subsection configured for
guiding an air layer vortex formed in the inner-diameter upstream subsection to fill into
and pass through an annular space defined by and radially between the fuel layer
vortex and the annular inner passage wall; a plurality of circumferentially spaced spiral
or tangentially-oriented fuel inlet passages in fluid communication with the outer-
diameter upstream subsection of the first annular passage to deliver respective fuel
flows into the first annular passage to form the fuel layer vortex; and a plurality of
circumferentially spaced spiral or tangentially-oriented first air inlet passages in fluid
communication with the inner-diameter upstream subsection of the first annular
passage to deliver respective first air flows into the first annular passage to form the air

layer vortex.

In another aspect, there is provided a method for spraying fuel into a combustor of a
gas turbine engine, the method comprising: a) generating a fuel layer vortex rotating in
a first rotational direction along a radially-outer passage wall of an annular passage and
flowing axially through the annular passage, the fuel layer vortex being free of
contacting a radially-inner passage wall of the annular passage; b) generating an air
layer vortex rotating in the first rotational direction radially between the fuel layer vortex
and the radially-inner passage wall and axially flowing through the annular passage, the
air layer vortex being in contact with and free of mixing with the fuel layer vortex until
the fuel layer vortex and the air layer vortex are discharged from the annular passage;
and c) generating a swirling air flow to impinge on a sheet of swirling fuel formed by the
fuel layer vortex discharged from the annular passage, resulting in atomized fuel spray

in the combustor.

DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying drawings in which:

FIG. 1 is a schematic side cross-sectional view of a gas turbine engine as an example

illustrating application of the described subject matter;

FIG. 2 is an axial cross-sectional view of a fuel injector according to one embodiment,

defined in and incorporated with a fuel spray nozzle;
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FIG. 3 is a front elevational view of the fuel injector of FIG. 2, showing a front end of the

fuel injector,;

FIG. 4 is a cross-sectional view of the fuel injector of FIG. 2, taken along line 4-4
showing a plurality of circumferentially spaced spiral or tangentially-oriented first air
inlet passages in fluid communication with an inner-diameter upstream subsection of a

first annular passage of the fuel injector,;

FIG 5 is a cross-sectional view of the fue! injector of FIG. 2, taken along line 5-5
showing a plurality of circumferentially spaced spiral or tangentially-oriented fuel inlet
passages In fluid communication with an outer-diameter upstream subsection of the
first annular passage and in fluid communication with an annular fuel distribution

passage;

FIG. 6 is a cross-sectional view of the fuel injector of FIG. 2 taken along line 6-6
showing a plurality of circumferentially spaced spiral or tangentially-oriented second air
inlet passages in fluid communication with a second annular passage of the fuel

injector; and

FIG. 7 is an axial cross-sectional view of the fuel injector of FIG. 2, with hatch lines in
the cross section omitted for better illustration of the fuel and air flowing through the

respective passages of the fuel injector.

It will be noted that throughout the appended drawings, like features are identified by

like reference numerals.

DETAILED DESCRIPTION

FIG. 1 illustrates a turbofan gas turbine engine 10, which is taken as an examplary
application of the described subject matter. The gas turbine engine 10 generally
comprises in serial flow communication a fan 12 through which ambient air is propelled,
a compressor section 14 for pressurizing the air, a combustor chamber 16 in which the
compressed air is mixed with fuel and ignited for generating an annular stream of
combustion gases, and a turbine section 18 for extracting energy from the combustion
gases. The gas turbine engine 10 includes a fuel supply system 20 to supply fuel to a
plurality of fuel spray nozzles 22 installed in the combustor chamber 16 to spray fuel

mixed with air into the combustor chamber 16 for combustion.
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Referring to FIGS. 2-7, the fuel spray nozzle 22 according to one embodiment may
include a substantially cylindrical nozzle body 24 having an enlarged end. The fuel
spray nozzle may define a fuel injector 26 disposed in and incorporated by the nozzle
body 24, which will be further described in detail. The nozzle body 24 may define a
central cylindrical cavity 30 about a central axis 28 with an open end 32 at a front end
34 of the nozzle body 24. A pilot fuel injector 36 may be provided in the fuel spray
nozzle 22, and may be received in the central cylindrical cavity 30 for injecting fuel or a
fuel/air mixture into the combustor chamber 16 during an engine starting procedure.

The pilot fuel injector 36 is conventional and will not be further described.

It should be noted that because the fuel injector 26 is defined in and incorporated by
the nozzle body 24. The nozzle body 24 thus forms the injector body and hereinafter
will be referred to as “the body 24”. The central axis 28 of the body 24 is also the
central axis of the fuel injector 26, and the front end 34 of the body 24 also forms the
front end of the fuel injector 26. The front end 34 may form a single flat radial surface
substantially normal to the central axis 28 or may define a radial surface having axial

steps as shown in FIG. 2.

nu

It should be noted that the terms “axial”, “radial’, “circumferential” and “tangential” are
used with respect to the central axis 28. It should also be noted that the terms
"downstream" and "upstream" are defined with respect to the direction of the air and

fuel flow passing through the fuel injector 26.

The fuel injector 26 according to one embodiment may include an axially-extending first
annular passage 38 defined in the body 24, surrounding the central axis 28 and radially
outwardly spaced apart from the central cylindrical cavity 30. The first annular passage
38 may define an open downstream end 40 on the front end 34 of the body 24 and may
include an annular lip 42 disposed in a closed upstream section of the first annular
passage 38 and projecting axially thereinto, to radially divide the closed upstream
section into an outer-diameter upstream subsection42a and an inner-diameter
upstream subsection 42b. The axially-extending first annular passage 38 may be
defined radially between a radially-outer passage wall 44 and a radially-inner passage
wall 46. The outer-diameter upstream subsection 42a is therefore defined radially
between the radially-outer passage wall 44 and the annular lip 42, and the

inner-diameter upstream subsection 42b is therefore defined radially between the

-4 -
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annular lip 42 and the radially-inner passage wall 46. The axial dimension of the
annular lip 42 is limited with respect to the axial length of the axially-extending first
annular passage 38 such that the axial length of the radially divided upstream section
(terminating at the tip of the annular lip 42) of the first annular passage 38 is shorter
than the axial length of a radially un-divided downstream section (starting from the tip of

the annular lip 42) of the first annular passage 38.

The fuel injector 26 according to one embodiment may include a plurality of
circumferentially spaced spiral or tangentially-oriented fuel inlet passages 48 defined in
the body 24. The circumferentially spaced spiral or tangentially-oriented fuel iniet
passages 48 at the downstream end thereof may be in fluid communication with the
outer-diameter upstream subsection 42a of the first annular passage 38, and at the
upstream end thereof may be in fluid communication with an annular fuel distribution
passage 50. The annular fuel distribution passage 50 may be defined within the
body 24 and in turn may be in fluid communication with a fuel supply passage 52 which
extends through the body 24 and is in fluid communication with the fuel supply

system 20 of the engine (see FIG. 1).

The fuel injector 26 according to one embodiment may include a plurality of
circumferentially spaced spiral or tangentially-oriented first air inlet passages 54 defined
in the body 24 and in fluid communication with the inner-diameter upstream subsection
42b of the first annular passage 38. The first air inlet passages 54 are also in fluid
communication with pressurized air, for example P3 air surrounding the fuel injector 26,

or otherwise via pipes, which are known and will not be further described.

The circumferentially spaced spiral or tangentially-oriented fuel inlet passages 48 and
circumferentially spaced spiral or tangentiaily-oriented first air inlet passages 54 may be
configured to both extend downstream in a same rotational direction such that the fuel
and air introduced by the respective fuel inlet passages 48 and the first air inlet

passages 54, rotate within the first annular passage 38 in the same rotational direction.

In this embodiment, the circumferentially spaced spiral or tangentially-oriented first air
inlet passages 54 may determine a first cross-section of the fuel injector 26 as shown in
FIG. 4, in which respective centerlines 54a of the first air inlet passages 54 are defined.

The circumferentially spaced spiral or tangentially-oriented fuel inlet passages 48 may
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define a second cross section of the fuel injector 26 as shown in FIG. 5, in which
respective centerlines 48a of the fuel inlet passages 48 are defined. The second cross-
section may be axially located downstream of the first cross-section with respect to the
first annular passage 38. The respective first air inlet passages 54 and the fuel inlet
passages 48 extend radially inwardly toward the first annular passage 38, and therefore
such an axial location arrangement provides convenience for connecting the fuel inlet
passages 48 and first air inlet passages 54 to the radially outer-diameter upstream
subsection 42a and radially inner-diameter upstream subsection 42b, respectively,

without interference therebetween.

In this embodiment the respective circumferentially spaced spiral or tangentially-
oriented first air inlet passages 54 may incline axially in a downstream direction of the
first annular passage 38 while extending radially inwardly toward the first annular
passage 38, defining a small angle A1 of, for example 3-5 degrees between the
respective centerlines 54a and a radial plane B1 normal to the central axis 28 of the
fuel injector 26. Similarly, the respective circumferentially spaced spiral or tangentially-
oriented fuel inlet passages 48 may incline axially in the downstream direction of the
first annular passage 38 while extending radially inwardly toward the first annular
passage 38, to define a small angle A2 of, for example 3-5 degrees between the
respective centerlines 48a and a radial plane B2 normal to the central axis 28 of the
fuel injector 26. Therefore, the cross-sections determined by the respective first air
inlet passages 54 and fuel inlet passages 48 may present a conical profile around the
central axis 28 of the fuel injector 26. The small angles A1 and A2 of the respective
first air inlet passages 54 and fuel inlet passages 48 will provide axial components of
velocity to respective air and fuel flows which form a respective fuel layer vortex 62b

and an air layer vortex 64b moving axially through the first annular passage 38.

The fuel injector 26 according to one embodiment may further include an axially-
extending second annular passage 56 defined in the body 24, having a closed
upstream end thereof and an annular exit 58 at a downstream end thereof. The second
annular passage 56 may be disposed to surround the central axis 28 and may be
radially outwardly spaced apart from the first annular passage 38. A plurality of
circumferentially spaced spiral or tangentially-oriented second air inlet passages 60

may be defined in the body 24, and may be in fluid communication at downstream ends

-6 -
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thereof with the second annular air passage 56. The respective second air inlet
passages 60 may aiso be in fluid communication with pressurized air such as P3 air
surrounding the fuel injector 26, or via pipes. The respective second air inlet
passages 60 according to one embodiment as shown in FIG. 6, may be configured to
extend radially inwardly towards the second annular passage 56, in a rotational
direction opposite to the rotational direction of the first air inlet passages 54 and the fuel

inlet passage 48 as shown in FIGS. 4 and 5.

The second air inlet passages 60 may also determine a cross-section of the fuel
injector 26 (see FIGS. 2 and 6) in which the respective centerlines 60a of the second
air inlet passages 60 are defined. The second air inlet passages 60 may also incline
axially in the downstream direction of the second annular passage 56 while extending
radially inwardly toward the second annular passage 56 to define a small angle A3 of,
for example 3-5 degrees between the respective centerlines 60a of the second air inlet
passages 60 and a radial plane B3 normal to the central axis 28 of the fuel injector 26
Therefore, similar to the cross-sections determined by the respective first air inlet
passages 54 and fuel inlet passages 48, the cross-section determined by the second
air inlet passages 60 presents a conical profile around the central axis 28 of the fuel
injector 26. The small angle A3 will also provide an axial component to a velocity of the
air introduced into the second annular passage 56 to facilitate the axial movement of a

swirling airflow passing through the second annular passage 56.

The second annular passage 56 may also incline radially inwardly while axially
extending towards the annular exit 58 thereof, providing an inclination angle with

respect to the central axis 28.

A fuel flow 62 may be pumped under a high fuel pressure from the fuel supply system
20 of the engine into the fuel supply passage 52 and then enters the annular fuel
distribution passage 50. The fuel flow 62 may be distributed from the annular fuel
distribution passage 50 into the plurality of circumferentially spaced spiral or
tangentially-oriented fuel inlet passages 48, to form a plurality of fuel flows 62a resulting
in swirling fuel which enters the outer-diameter upstream subsection 42a of the first
annular passage 38 wherein the swirling fuel rotates for example in a counter-clockwise
direction at a high velocity to form the fuel layer vortex 62b rotating within the first

annular passage 38 and axially moving toward the open downstream end 40 of the first

-7 -
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annular passage 38. The fuel layer vortex 62b may rotate at a sufficiently high velocity,
for example 100 feet per second or higher, such as 200 feet per second or even higher,
to create a strong centrifugal force which forces the fuel layer vortex 62b to rotate in a
counter-clockwise direction against and along the radially-outer passage wall 44 and to
flow axially through the first annular passage 38, without being in contact with the
radially-inner passage wall 46 of the first annular passage 38. The fuel layer vortex 62b
may be discharged radially outwardly from the open downstream end 40 of the first
annular passage 38, immediately adjacent the radially-outer passage wall 44, as a thin
sheet 62¢ of swirling fuel (or the swirling fuel film sheet 62¢). Under the centrifugal
force thereof, the thin sheet 62c of swirling fuel may also have a tendency to flow
radially-outwardly such that the thin sheet 62c of swirling fuel may present in a “skirt”

profile.

Under an air pressure such as P3 air, a plurality of airflows 64a may be introduced into
the inner-diameter sub-up-section 42b of the first annular passage 38 via the respective
first air inlet passages 54, to form the air layer vortex 64b which may rotate in a
counter-clockwise direction to fill into and pass through an annular space defined by
and radially between the fuel layer vortex 62b and the radially-inner passage wall 46.
Due to the velocity of the air layer vortex 64b which is lower than the velocity of the fuel
layer vortex 62b, and due to the inherent density of air which is lower than the inherent
density of fuel, the centrifugal force created by the air layer vortex 64b may not be
strong enough to cause the air layer vortex 64b to penetrate into the fuel layer vortex
620 such that the air layer vortex 64b may be in contact with but free of mixing with the
fuel layer vortex 62b within the first annular passage 38. Instead of being in contact
with the radially-inner passage wall 46 of the first annular passage 38, an inner side of
the fuel layer vortex 62b may be in contact with an outer side of the air layer vortex 64b
which has a lower velocity in the same counter-clockwise direction such that the friction
between the fuel layer vortex 62b and the first annular passage 38 is considerably

reduced when the fuel layer vortex 62b passes through the first annular passage 38.

Under an air pressure such as P3 air, a plurality of air flows 66a may be introduced into
the second annular passage 56 via the respective second air inlet passages 60, to form
an swirling air 66b which rotates within the second annular passage 56 and is

discharged from the annular exit 58 of the second annular passage 56. Due to the

-8 -
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small radially inward inclination angle of the second annular passage 56 and the thin
sheet 62¢ of swirling fuel discharged radially outwardly from the open downstream end
40 of the first annular passage 38 in a “skirt” profile, the swirling air 66b discharged
from the annular exit 58 of the second annular passage 56 may impinge on the thin
sheet 62¢ of swirling fuel which has a very high velocity, resulting in effective

atomization of tne fuel which is sprayed into the combustion chamber of the engine.

The swirling air 66b may swirl in a rotational direction the same as the rotational
direction of the fuel layer vortex 62b and may thus rotate the same as the thin sheet
62¢ of swirling fuel discharged from the open downstream end 40 of the first annular
passage 38, or may swirl in a direction different from the rotational direction of the fuel
layer vortex 62b, such as in a clockwise direction and may thus counter-rotate with

respect to the thin sheet 62¢ of swirling fuel, as illustrated in FIGS. 4-7.

When an atomized fuel flow sprayed mostly in an axial direction and in a substantially
non-rotating pattern is desired, the swirling air 66b may be generated to have a
rotational velocity in a rotational direction opposite to the rotational directicn of the thin
sheet 62¢ of swirling fuel in order to atomize the thin sheet 62¢ of swirling fuel through
a type of shearing action, which counters the rotational component of the velocity of the
thin sheet of swirling fuel and may also benefit countering the radial component of the

velocity of the thin sheet 62¢ of swirling fuel.

The second annular passages 56 may be configured to have a selected radially inward
inclination angle to determine a direction of impingement on the thin sheet 62c¢ of
swirling fuel discharged from the open downstream end 40 of the first annular passage
38. A selected velocity of the fuel layer vortex 62b rotating and flowing in the first
annular passage 38, determines the centrifugal force thereof and thus the radially-
outward “skirt” profile of the thin sheet 62c of swirling fuel discharged from the open
downstream end 40 of the first annular passage 38. The combination of the selected
inclination angle of the second annular passage 56 and the velocity of the fuel layer
vortex 62b rotating and flowing in the first annular passage 38 can be set to control the

fuel spray characteristics of the atomized fuel.

Optionally, the radially outer passage wall 44 and/or radially-inner passage wall 48 of

the first annular passage 38 may also have a small radially-outward inclination angle
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while extending toward the open downstream end 40, which may affect the formation of
the “skirt” profile of the thin sheet 62c of swirling fuel discharged from the open

downstream end 40 of the first annular passage 38.

The air layer vortex 64b rotating and flowing within the first annular passage 38 is alsc
discharged from the open downstream end 40, adjacent the radially-inner wall 46 of the

first annular passage 38 and is then mixed with fuel during the atomization of the fuel

Comparing to conventional air blast nozzles which control the spray mainly by air hole
size and arrangement thereof, the described embodiments provide an additional means
for controlling the spray. The length and geometry of the annular lip 42 will affect fuel
spinning in the annular passage 38 and, as a result, fuel film exit characteristics, which
can be optimized for a particular application. Therefore, the described embodiments
advantageously improve fuel atomization and reduce orifice erosion of fuel spray

nozzles.

The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing
from the scope of the described subject matter. For example, the schematically
lllustrated turbofan gas turbine engine is an examplary application of the described
subject matter, however the described subject matter may be applicable to gas turbine
engines of other types. The various fluid passages of the fuel injector described in the
embodiments may be defined in an injector body which can be configured differently
from the illustration of the drawings. Modifications which fall within the scope of the
described subject matter will be apparent to those skilled in the art, in light of a review
of this disclosure, and such modifications are intended to fall within the appended

claims.

- 10 -
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CLAIMS:

1. A fuel injector for a fuel spray nozzle of a gas turbine engine combustor, the

fuel injector defining an axial central axis thereof and comprising:

an axially-extending first annular passage surrounding the central axis and
located between radially outer and inner passage walls, the first annular
passage having an open downstream end and including an annular lip
projecting axially into and radially dividing an upstream section of the first
annular passage into an outer-diameter upstream subsection and an
inner-diameter upstream subsection, the outer-diameter upstream
subsection configured for guiding a fuel layer vortex formed in the outer-
diameter upstream subsection to flow along the annuiar cuter passage
wall toward the open downstream end, and the inner-diameter upstream
subsection configured for guiding an air layer vortex formed in the inner-
diameter upstream subsection to fill into and pass through an annular
space defined by and radially between the fuel layer vortex and the

annular inner passage wall;

a plurality of circumferentially spaced spiral or tangentially-oriented fuel inlet
passages in fluid communication with the outer-diameter upstream
subsection of the first annular passage to deliver respective fuel flows

into the first annular passage to form the fuel layer vortex; and

a plurality of circumferentially spaced spiral or tangentially-oriented first air inlet
passages in fluid communication with the inner-diameter upstream
subsection of the first annular passage to deliver respective first air flows

Inte the first annular passage to form the air layer vortex.

2. The fuel injector as defined in claim 1 further comprising:

an axially-extending second annular passage having an annular exit, the
second annular passage surrounding the axial central axis and being
radially outwardly spaced apart from the first annular passage, the

second annular passage being configured for conveying a swirling air

11 -
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flow to the annular exit and discharging the swirling air flow from the exit;

and

a plurality of circumferentially spaced spiral or tangentially-oriented second air
inlet passages in fluid communication with the second annular passage
to deliver respective second air flows into the second annular passage to

form the swirling air flow.

The fuel injector as defined in claim 1 wherein the fuel inlet passages and the
first air inlet passages are configured to deliver fluid in a same rotational

direction about the central axis.

The fuel injector as defined in claim 1 further comprising an annular fuel
distribution passage in fluid communication with the respective fuel inlet

passages for distributing fuel to the fuel inlet passages.

The fuel injector as defined in claim 4 further comprising a fuel supply passage

in fluid communication with the annular fuel distribution passage.

The fuel injector as defined in claim 1 wherein the respective first air inlet
passages extend radially inwardly toward the first annular passage, inclining

axially in a downstream direction of the first annular passage.

The fuel injector in claim 1 wherein the respective fuel inlet passages extend
radially inwardly toward the first annular passage, inclining axially in a

downstream direction of the first annular passage.

The fuel injector as defined in claim 1 wherein a centerline axis of the
respective first air inlet passages determines a first cross-section of the fuel
injector and a centerline of the respective fuel inlet passages determines a

second cross-section of the fuel injector, the second cross section being axially

12 -
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located downstream of the first cross section with respect to the first annular

passage.

The fuel injector as defined in claim 1 wherein an axial length of the radially
divided upstream section of the first annular passage is shorter than an axial

length of a radially un-divided downstream section of the first annular passage.

The fuel injector as defined in claim 2 wherein the respective second air inlet
passages extend radially inwardly toward the second annular passage,

inclining in a downstream direction of the second annular passage.

The fuel injector as defined in claim 2 wherein the second air inlet passages
are configured to deliver fluid in a second rotational direction about the axial
central axis, opposite to a first rotational direction in which the fuel inlet

passages are configured to deliver fluid

The fuel injector as defined in claim 2 wherein the second annular passage

extends downstream with a radially-inward inclination.

A fuel spay nozzle having the fuel injector as defined in claim 2.

The fuel spray nozzle as defined in claim 13 further comprising a radially

inward pilot fuel injector surrounded by the first and second annular passages.

A method for spraying fuel into a combustor of a gas turbine engine, the

method comprising:

a) generating a fuel layer vortex rotating in a first rotational direction along a
radially-outer passage wall of an annular passage and flowing axially
through the annular passage, the fuel layer vortex being free of

contacting a radially-inner passage wall of the annular passage;

- 13 -
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b) generating an air layer vortex rotating in the first rotational direction radially
between the fuel layer vortex and the radially-inner passage wall and
axially flowing through the annular passage, the air layer vortex being in
contact with and free of mixing with the fuel layer vortex until the fuel
layer vortex and the air layer vortex are discharged from the annular

passage; and

c) generating a swirling air flow to impinge on a sheet of swirling fuel formed
by the fuel layer vortex discharged from the annular passage, resulting in

atomized fuel spray in the combustor.

The method as defined in claim 15 wherein the swirling air flow rotates in a

second rotational direction opposite to the first rotational direction.

The method as defined in claim 15 wherein the swirling air flow rotates in the

first rotational direction.

The method as defined in claim 15 wherein the fuel flow vortex is generated at
a first velocity in the first rotational direction to result in a centrifugal force
forcing the fuel layer vortex to rotate along the radially outer passage wall of
the annular passage and to be discharged radially outwardly from the annular
passage, and wherein the air layer vortex is generated at a second velocity in
the first rotational direction, the second velocity being lower than the first

velocity.

The method as defined in claim 18 wherein the first velocity is equal to or

higher than 100 feet per second.

- 14 -
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