Office de la Propriete Canadian CA 2690431 C 2015/11/24

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 690 431
i g oS i R 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2008/06/12 (51) CLInt./Int.Cl. F23R 3/28 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/12/18 FO2C 7722 (2000.01), F23R 3/10 (2000.01)
2 1s , (72) Inventeurs/Inventors:
(45) Date de delivrance/lssue Date: 2015/11/24 SHUM. FRANK. CA.
(85) Entree phase nationale/National Entry: 2009/12/10 VERHIEL, JEFFREY, CA
(86) N° demande PCT/PCT Application No.: CA 2008/001141 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2008/151441 PRATT & WHITNEY CANADA CORP., CA
(30) Priorité/Priority: 2007/06/14 (US11/763,119) (74) Agent: NORTON ROSE FULBRIGHT CANADA

LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : BUSE DE CARBURANT FOURNISSANT UN JET DE CARBURANT FACONNE
(54) Title: FUEL NOZZLE PROVIDING SHAPED FUEL SPRAY

(57) Abrege/Abstract:

A fuel injection nozzle (24) for a gas turbine engine (10) has a central fuel ejection nozzle (34) and a plurality of airflow passages
(40,44 ,46,50,52) within the spray tip (28) that include a first and second group of circumferentially spaced apart fuel-spray forming
alrflow passages (44,46) disposed on opposite sides of a transverse axis (42) and oriented towards each other such as to produce
opposed fuel spray shaping air jets (23) which generate a shaped final fuel spray (90).

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




CA 02690431 2009-12-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2008/151441 Al

(19) World Intellectual Property Organization [#
International Burcau |

(43) International Publication Date
18 December 2008 (18.12.2008)

(51) International Patent Classification: (74) Agent: OGILVY RENAULT LLP / S.EN.C.R.L.,
F23R 3/28 (2006.01) F23R 3/10 (2006.01) S.R.L.; Suite 1600, 1981 McGill College Avenue, Mon-
F02C 7/22 (2006.01) treal, Québec H3A 2Y3 (CA).

. o (81) Designated States (unless otherwise indicated, for every

(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/CAZ008/001141 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(22) International Filing Date: 12 June 2008 (12.06.2008) EG. ES. FL. GB. GD. GE. GH. GM. GT, HN. HR, HU. ID,

| IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,

(25) Filing Language: English LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,

MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,

(26) Publication Language: English PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,

SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(30) Priority Data: 7ZA. ZM. ZW.
11/763,119 14 June 2007 (14.06.2007)  US
(84) Designated States (unless otherwise indicated, for every

(71) Applicant (for all designated States except US): PRATT kind of regional protection available): ARIPO (BW, GH,
& WHITNEY CANADA CORP. [CA/CA]; 1000 Marie GM, KE, LS, MW, MZ, NA, SD, SL, 52, TZ, UG, ZM,
Victorin, (01BES), Longueuil, Québec J4G 1A1 (CA). ZW), Burasian (AM, AZ, BY, KG, K2, MD, RU, 1], 1M),

European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, Il,

(72) Inventors; and FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
Y

(75) Inventors/Applicants (for US only): SHUM, Frank NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG,
[CA/CA]; 4300 Hartfield Grove, Mississauga, Ontario CL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
LAW 2Y7 (CA). VERHIEL, Jeffrey [CA/CA]; 503 - 100  Published:

Quebec Avenue, Toronto, Ontario M6P 4B8 (CA). —  with international search report

(54) Title: FUEL NOZZLE PROVIDING SHAPED FUEL SPRAY

%4
40

& 7
N o

N\ //l cl
\\\\ 78

7 ,.../../;\ | — v
-
N

Il‘/\

7]

_Tzr=_/A

e (87) Abstract: A fuel injection nozzle (24) for a gas turbine engine (10) has a central fuel ejection nozzle (34) and a plurality of

008/151441 A1 MLV} Y0 Y001 O T A 0 A

airflow passages (40,44,46,50,52) within the spray tip (28) that include a first and second group of circumferentially spaced apart
fuel-spray forming airflow passages (44,46) disposed on opposite sides of a transverse axis (42) and oriented towards each other
such as to produce opposed fuel spray shaping air jets (23) which generate a shaped final fuel spray (90).
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FUEL NOZZLE PROVIDING SHAPED FUEL SPRAY

TECHNICAL FIELD

The invention relates generally to gas turbine engines and, more particularly, to

fuel nozzles for such engines.

BACKGROUND OF THE ART

Gas turbine engine combustors employ a plurality of fuel nozzles, typically
arranged in an annular configuration, to spray the fuel into the combustion chamber ot an
annular combustor. Each of these fuel nozzles generates a spray of fuel which 1s generally
conical in shape and which defines a generally circular cross-sectional profile, as shown
in Fig. 6b for example. However, in order to achieve a complete fuel spray coverage in
annular combustors, a relatively large number of fuel nozzles are required about the
combustor. Further, as the overall shape of the fuel spray produced 1s fixed, no

alternatives exist for controlling the density and profile of fuel sprays in the combustor.

Accordingly, there is a need for an improved fuel nozzle for a gas turbine engine
combustor which permits, inter alia, a reduction in the total number of parts of such

combustors and thus lowers overall production costs.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a fuel nozzle for use in a combustor

of a gas turbine engine, the fuel nozzle comprising: a nozzle body defining at least one
fuel flow passage therethrough; a spray tip mounted to the nozzle body, the spray tip

having a central fuel ejection nozzle in flow communication with the at least one fuel
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flow passage and defining a fuel spray axis, the central fuel ejection nozzle ejecting fuel
out of the spray tip in an initially conical fuel spray about the fuel spray axis; at least a
first series of airflow passages disposed 1n said spray tip radially outwardly from the
central fuel ejection nozzle, said first series of airflow passages including opposed groups
of airflow passages, said opposed groups of airflow passages being circumferentially
spaced apart and located on opposite sides of a transverse axis extending through said
central fuel ejection nozzle perpendicularly to said fuel spray axis; and wherein said
opposed groups of said first series of airflow passages are oriented towards said transverse
axis such as to produce opposed fuel spray shaping air jets which intersect the imitially

conical fuel spray to generate a differently shaped final fuel spray.

In another aspect, the present invention provides a gas turbine engine combustor
assembly comprising: a combustor liner enClosing a combustion chamber, the combustor
liner having an annular dome portion; a plurality of fuel nozzles disposed in the annular
dome portion for injecting fuel into the combustion chamber, the fuel nozzles being
equally circumferentially spaced apart about the annular dome portion to define an
annular axis interconnecting the fuel nozzles, each of said fuel nozzles including: a spray
tip having a central fuel ejection nozzle in flow communication with at least one fuel flow
passage which receives fuel from a fuel source, the central fuel ejection nozzle defining a
fuel spray axis and ejecting fuel into the combustion chamber 1n an imitially conically
shaped fuel spray about the fuel spray axis; a first series of airflow passages disposed in
said spray tip radially outwardly from the central fuel ejection nozzle, said airflow
passages including opposed groups of airflow passages, said opposed groups of airflow
passages being circumferentially spaced apart in the spray tip and located on opposite
sides of a transverse axis extending through said central fuel ejection nozzle
perpendicularly to said fuel spray axis; said opposed groups of airflow passages being
oriented towards said transverse axis such as to produce opposed fuel spray shaping air
jets, said fuel spray shaping air jets intersecting said initially conical fuel spray such as to
generate a final fuel spray having an elliptical cross-sectional shape defining a major axis

parallel to said transverse axis and a minor axis perpendicular thereto.

PCT/CA2008/001141
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In yet another aspect, the present invention provides a fuel injection system of a

gas turbine engine, the system comprising a fuel manifold, a plurality of nozzles mounted

to said manifold and having spray tips for injecting an air/fuel mixture into a combustor of

the gas turbine engine, at least one of said nozzles having a central fuel ejection nozzle
and defining therein at least one fuel flow passage providing fluid flow communication
between said fuel manifold and said central fuel ejection nozzle, a plurality of airflow
passages disposed within said spray tip, the airflow passages including at least a first and
second group of circumferentially spaced apart fuel-spray shaping airflow passages
disposed on opposite sides of a transverse axis and oriented towards each other such as to
produce opposed fuel spray shaping air jets, said fuel spray shaping air jets intersecting a
fuel spray ejected out of said central fuel ejection nozzle to generate a shaped final fuel

spray.

Further details of these and other aspects of the present invention will be apparent

from the detailed description and figures included below.

DESCRIPTION OF THE DRAWINGS

Reterence 1s now made to the accompanying figures depicting aspects of the

present invention, in which:

Fig. 1 1s a schematic cross-sectional side view of a gas turbine engine in which the

present invention can be used;

Fig. 2 1s a three dimensional view of a portion of a combustor having a fuel nozzle

in accordance with one aspect of the present invention;

Fig. 3 1s an 1sometric, partially sectioned, view of a fuel nozzle according to

another aspect of the present invention;

Fig. 4 1s an 1sometric, partially sectioned, view of a fuel nozzle according to

another aspect of the present invention;

Fig. 5 is an 1sometric view of a fuel nozzle assembly according to another aspect

of the present invention;

PCT/CA2008/001141
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Fig. 6a is a plan view of a schematic representation of spray coverage produced by

the fuel nozzles of the present invention,;

Fig. 6b 1s a plan view of a schematic repre'sentation of spray coverage produced by

fuel nozzles of the prior art;

Fig. 7a is a schematic cross-sectional view of the fuel nozzle of Fig. 3, showing

the shaping of the fuel spray being ejected therefrom;

Fig. 7b is a cross-section of the initially fuel spray, taken through line 7b-7b of
Fig. 7a; and

- Fig. 7c is a cross-sectional of the final shaped fuel spray, taken through line 7c-7¢
of Fig. 7a. -

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a gas turbine engine 10 of a type preferably provided for use 1n
subsonic flight, generally comprising in serial flow communication a fan 12 through
which ambient air 1s propelled, a multistage compressor 14 for pressurizing the air, a
combustor 16 in which the compressed air is mixed with fuel and ignited for generating
an annular stream of hot combustion gases, and a turbine section 18 for extracting energy

from the combustion gases.

Fuel 1s injected into the combustor 16 of the gas turbine engine 10 by a fuel
injection system 20, which includes a fuel source (not shown), at least one fuel conveying
assembly or internal fuel manifold 22 and a number of fuel nozzles 24 engaged with the
fuel manifold and which are operable to inject tuel into the combustor 16 for mixing with
the compressed air from the compressor 14 and ignition of the resultant mixture. The fan
12, compressor 14, combustor 16, and turbine 18 are preferably all concentric about a
common central longitudinal axis 11 of the gas turbine engine 10. The combustor 16 1s
annular (and 1n at least one embodiment, an annular reverse flow combustor), and thus
defines both an annular internal combustion chamber 17 therewithin and an annular
upstream or dome end wall 26 thiough which the fuel nozzles 24 protrude for injecting

the air/fuel mixture into the combustion chamber 17 of the combustor 16.
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Referring to Fig. 2, at least the spray tip 28 of a fuel nozzle 24 is received within
an opening 235 in the annular dome end 26 of the liner of the combustor 16, for ejecting
the air/fuel mixture into the combustor’s combuétion chamber. A plurality of the fuel
nozzles 24 are provided about the full circumference of the annular dome 26, and in at
least one embodiment are equally spaced therearound. Thus, the plurality of fuel nozzles
24 define an annular axis 96 (see Fig. 6a) which interlinks the fuel nozzles and extends
circumferentially about the dome end of the combustor. While relative spacing of the
circumferentially arranged fuel nozzles 24 may be varied as required, the fuel nozzles 24
permit an overall combustor and fuel injection assembly which requires fewer fuel

nozzles relative to most currently employed fuel injection systems for gas turbine engines.

As seen 1n Fig. 6b, most fuel injecfion nozzles of the prior art generate a circular
final fuel spray 92, i.e. having a profile that defines a generally circular transverse cross-
sectional shape. Thus, in order to provide adequate coverage of sprayed fuel within the
annular combustor, a relatively large number of standard fuel nozzles must be provided
and located in a relatively closely spaced arrangement, such as that depicted in Fig. 6b.
Conversely, as described further below, the fuel nozzles 24 described herein can generate,
In at least one embodiment thereof, a generally elliptically shaped fuel spray 90, i.e.
having a generally elliptical transverse cross-sectional shape, as depicted in Fig. 6a. As
will be described, however, other shapes of the ﬁnai fuel spray are possible with the fuel

nozzles described herein, which can be desired in order to produce a variety of possible

- final fuel spray shapes, as desired and/or required. - As can be seen in Fig. 6a, when

elliptically shaped fuel sprays 90 are produced, fewer fuel nozzles 24 producing such an
elliptically shaped fuel spray 90 are needed (relative to those which produce a circular
spray profile 92), in order to adequately cover the annular profile of a similarly sized
combustor. Fewer fuel nozzles means lower production, assembly and operating costs,
and also means lower overall weight, all of which are desirable improvements for gas
turbine engines. Each of the elliptically shaped fuel spray profiles 90 defines a major
axis 94 and a minor axis 95, the major axis being longer than the minor axis. In at least
one embodiment, the fuel nozzles 24, and therefore their resulting elliptical spray shapes
90, are oriented such that the major axis 94 of the elliptical fuel spray 90 is substantially

tangent to the annular axis 96 interlinking the fuel nozzles 24 about the combustor dome
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26. Other orientations remain possible, much as fewer or more fuel nozzles may be used
as required given the particular combustor. Although Fig. 6a depicts all fuel sprays 1n the
combustor being shaped, and therefore all fuel nozzles being of the type described therein,
it 1s to be understood that only certain fuel nozzles within the combustor may be of the
type described herein. This would result in different fuel nozzles mm the combustor

producing different fuel spray profiles.

Referring back to Fig. 3, the fuel nozzles 24 include an outer spray tip 28
including a central fuel ejection nozzle 34 located at the center of the circular spray tip,
the spray tip 28 being mounted to a nozzle body portion 30 through which at least one
fuel flow passage 32 is defined. In at least one embodiment, the spray tip 28 1s
substantially circular in shape (i.e. the perimeter of the transverse cross-section thereof is
substantially circular). In the fuel nozzle 24 of Fig. 3, the entire spray tip portion 28 is
integrally formed and mounted as a single piece to the nozzle body portion 30. The fuel
flow passage 32 is in fluid flow communication with a fuel source (not shown) in order to
provide a feed of fuel to the fuel nozzle 24, via the fuel manifold 22 (see Fig. 1) or other
suitable fuel distribution members of the fuel injection system 20. In at least one
embodiment, wherein the fuel manifold 22 is an internal manifold mounted within the gas
generator casing in close proximity to the outer surface of the combustor dome 26, .the
nozzle body 30 is mounted directly to the internal fuel manifold 22. The fuel nozzle 24
may be a so-called “simplex” fuel nozzle as depicted in Fig. 3, wherein only a single fuel
flow passage 32 is provided and thus the fuel ¢jection nozzle 34 ejects a single 1nitially
conical spray of fuel. Alternately, as will be described further below with reference to
Fig. 4, the fuel nozzle of the present invention may be of the “duplex” type. A flow
restrictor 36 is disposed within the fuel flow passage 32 in order to control the volume of ‘
fuel flowing out through the fuel ejection nozzle 34. As noted above, and as best seen 1n
Figs. 7a and 7b, upon i1nitial ejection from the fuel ejection nozzle 34, a generally
conically shaped fuel spray 21 1s mmtially produced, the conical fuel spray being
concentric about a central fuel spray axis 38 extending from the central fuel ¢jection

nozzle 34 into the combustion chamber 17.
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The spray tip 28 of the fuel nozzle 24 also providés air flow which mixes with the
fuel spray ¢jected from the fuel ejection nozzle 34, which helps to achieve a desired final
air/fuel mixture which 1s sprayed into the combustor for combustion. In order to provide

the air flow, the spray tip 28 includes a number of airtflow passages therein.

These airflow passages include at least a first series of airflow passages 40
disposed in a radially outer region of the spray tip 28, i.e. radially outward from the
central fuel e¢jection nozzle 34. The first senes of airflow passages 40 includes two
opposed groups of airflow passages, namely an outer group and an inner group, which are
circumferentially spaced apart about the circular spray tip 28 and located on opposite
sides of a transverse axis 42 that extends through the central fuel ejection nozzle 34 and
thus both intersects and 1s substantially perpendicular to the fuel spray axis 38. The
transverse axis 42 corresponds to the major axis 94 of the final elliptical spray 90
produced by the fuel nozzles 24, as described above relative to Fig. 6a. Therefore, the
fuel nozzles 24 may, in one possible embodiment, be arranged and orientated within the
combustor 16 such that the transverse axes 42 of each of the fuel nozzles 24 1s
substantially tangent to the annular axis 96 (see Fig. 6a) interconnecting the
circumferentially spaced apart fuel nozzles 24 at the annular dome portion 26 of the
combustor. In at least one embodiment, the opposed groups of the first series of airtflow

passages 40 are symmetric with respect to the transverse axis 42.

As shown 1n Fig. 3, 1n at least one possible embodiment, each of the groups of the
first series of airflow passages 40 includes two rows of airflow passages, namely a
radially inner set of passages 44 and a radially outer set of passage 46. In one
embodiment, these arcuate rows of passages 44,46 are parallel to each other but slightly
circumferentially offset such that at least the exit apertures of the inner passages 44 are
not circumferentially aligned with the radially outer passages 46. This enables a more
evenly distributed flow of air produced by each of the opposed groups 40 of airflow
passages. In one possible embodiment, the first series of airflow passages 40 all define a
substantially circular cross-sectional shape along at least a portion thereof, whether at the
exit openings thereof or along their entire length. Each of the two opposed groups 40 of

the first series of airflow passages are preferably inclined in the spray tip 28, such that
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they are respectively oriented towards each other and thus towards the intermediate

transverse axis 42.

‘As seen in Figs. 7a-7c, the opposed groups 40 of the first series of airflow
passages defined in the spray tip 28 of the fuel nozzles 24 thereby produce opposed tuel
spray shaping air jets 23 which will intersect the initially conical fuel spray 21 ejected out
of the central fuel ejection ndele 34, thereby forming or shaping the fuel spray and thus
generating a final fuel spray 90 which is differently shaped from the 1nitial, conical, fuel
spray. In the depicted embodiment, this shaped final fuel spray 90 is substantially
elliptical, however other shapes of the final fuel spray are possible (1.e. the spray shaping
air jets 23 form the fuel spray into a differently shaped final fuel spray). In the depicted
embodiment, once the fuel spray shéping air jets 23 produced by the air flowing through
the opposed groups 40 of the first series of airflow passages intersect the 1nitially conical
fuel spray 21ejected from the nozzle 34, the air jets 23 act to flatten out the conical fuel
spray 21 such as to generate the elliptically shaped final fuel spray 90 that exits from the
fuel nozzle 24 into the combustion chamber. This elliptical fuel spray 90, as noted above
with respect to Fig. 6a, defines a major axis 94 and a minor axis 95, the major axis 94
being at least parallel, and preferably coincident with, the transverse axis 42 of the fuel

nozzle.

It 1s to be understood that this elliptically shaped final fuel spray produced by the
fuel spray shaping air jets of the fuel nozzles 24 1s but one pbssible configuration and/or
shape which can be generated by directing the shaping air jets onto the initially conical
fuel spray. For example, the final fuel spray generated by the fuel nozzles 24 can be
substantially flat, rectangular, oblong or any other possible different spray shape which
the 1nitial spray can be shaped or formed into and which may be suitable in a gas turbine
engine combustor. The first series of airflow passages 40 which produce the opposed
fuel spray shaping air jets may be angled within the spray tips such that, in additional to
producing spray shaping air jets which will be directed at least partially towards to the
central fuel ejection axis, may be angles at least partially tangentially about the spray tip

such as to produce a swirling flow about this central fuel ejection axis of the fuel nozzle.
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Thus, the fuel spray shaping air jets can also impart, in one embodiment, swirling motion

to the fuel spray being ejected.

The spray tip 28 of the fuel nozzle 24 also includes, in at least one embodiment, a
second series of airflow passages 50. The airflow passages of this second series 50 are
located radially inwardly of the first series of airflow passages 40 on the spray tip, but still
radially'outward of the central fuel ejection nozzle 34. The second series 50 of airflow
passages are disposed circumferentially about the central fuel ejection nozzle 34 1n close
proximity thereto. The airflow passages of this second series 50 are equally spaced apart
and form an annular group of airflow pasSages whibh direct air directly into the imtially
conical fuel spray being ejected out of the fuel spray nozzle 34. The airflow provided by
the second series 50 of airflow passages aids with the atomization of the fuel, however
does not substantially change the shape of the fuel spray profile. The apertures of the
second senies of airflow passages 50 may also define a circular cross-sectional shape, and
may be commonly angled or inclined within the spray tip such as to produce a ring of

swirling air flowing out of the exit openings thereof.

As seen 1n Fig. 3, additional airflow passages may also be provided in the spray tip
28 of the fuel nozzle. For examﬁle, the spray tip 28 includes another set of airflow
paséages 52 which are located about the outer periphery of the circular spray tip 28,
circumferentially between the opposed groups of the first series of airflow passages 40.
These arcuate groups of passages 52 at the periphery of the spray tip may be used to
provide more airflow into the combustor, however the volume of air delivered through
these additional airflow passages 52 1s not sufficient to detract from, or cancel out the

ettect of, the spray shaping air jets produced by the opposed groups of the first series of
airflow passages 40.

Referring now to Fig. 4, the fuel nozzle 124 is similar to the fuel nozzle 24
described above, however the spray tip 128 of the fuel nozzle 124 is formed of two
separate parts, namely a central portion 127, which includes the centrally located fuel
ejection nozzle 134 and is mounted to the nozzle body 130, and a radially outer spray tip
ring portion 129, which 1s mounted to the central portion 127 of the spray tip 128. In this

embodiment, the first series of airflow passages 40 are located in the spray tip ring portion
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129, and the second series of airflow passages 50 are located in the central portion 127.
In this embodiment, as the outer spray tip ring 129 1s a separate part from the central
portion 127 of the spray tip, existing standard fuel nozzles having such a two part
construction with a central portion can be retrofitted with the outer spray tip rings 129 in
order to “convert” a regular, conical fuel spray nozzle into one of the present invention
which will produce an elliptical fuel spray profile. The fuel nozzle 124 1s also a “duplex”
type fuel nozzle, and therefore has two separate concentric fuel feeds 1n the nozzle body
portion 130 separately providing fuel to the fuel spray nozzle 134. Thus, a primary fuel
flow is ejected by the fuel spray nozzle 134 via the central spray tip 133, while secondary
fuel 1s ejected through a small annulus around the central tip 133. Air openings 135,
which are radially disposed between the central spray tip 133 and the second series of
airflow passages 50, provide air flow to the fuel spray much as per the air passages 50 in
the embodiment of Fig. 3. The first and second series of airflow passages 40 and 50, as
Well as the additional outer airflow passages 52, are also otherwise the same as those

described above with respect to the fuel nozzle 24.

Referring to Fig. 5, the fuel nozzle 224 is a fuel nozzle assembly which has been
retrofitted by adding a spray tip 228 air swirler in accordance with one alternate
embodiment of the present invention to the existing central fuel ejection nozzle portion
234. Thus, the entire spray tip 228 1s of a one-piece construction, and includes both the
outer first series of airflow passages 40 which produce the fuel spray shaping jets, as well
as the ring of inner airflow passages 50 which aid in the atomization of the fuel spray but
do not otherwise substantially altér the overall shape of the fuel spray. Each of the
opposed groups of the first series of airflow passages 40, which produce the fuel spray
shape forming air jets therefrom, include an outer arcuate roW of passages 46 and an inner
arcuate row of passages 44. In the embodiment of Fig. 5, the radially outer arcuate row of
airflow passage 46 1s longer (1.e. comprises more apertures and thus more openings in the
outer surface of the spray tip) than is the inner arcuate row of airflow passages 44. It is to
be understood that all embodiments described above may 1nclude this configuration of thé
array of holes and passages of the first series of passages 40. The relative number of

passages 1n each of the iner and outer rows 44, 46, as well as their relative diameters,
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may be selected such as to achieve a desired overall size, and shape of the elliptical fuel

spray profile produced by the fuel nozzle.

Other modifications are of course possible, and the above description 1s meant to
be exemplary only. One skilled 1n the art will recognize that changes may be made to the
embodiments described without departing from the scopebf the invention disclosed. For
example, the number, size, layout and arrangement of the airflow apertures in the spray tip
of the fuel nozzle may be varied, while nonetheless using opposed groups of airflow
apertures to produce fuel spray shaping air jets that create an elliptically shaped final fuel
spray profile. Still other modifications which fall within the scope of the present
invention will be apparent to those skilled 1n the art, in light of a review of this disclosure,

and such modifications are intended to fall within the appended claims.
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CLAIMS:

1.

A fuel nozzle for use in a combustor of a gas turbine engine, the fuel nozzle

comprising:
a nozzle body defining at least one fuel flow passage therethrough;

a spray tip mounted to the nozzle body, the spray tip having a central tuel
ejection nozzle in flow communication with the at least one fuel tlow
passage and defining a fuel spray axis, the central fuel ejection nozzle
ejecting fuel out of the spray tip in an initially conical fuel spray about the

fuel spray axis;

at least a first series of airflow passages disposed in said spray tip radially
outwardly from the central fuel ejection nozzle, said first series of airtlow
passages being circumferentially discontinuous and including opposed
groups of airflow passages, said opposed groups of airflow passages being
circumferentially spaced apart by regions substantially free of airtlow
passages and located on opposite sides of a transverse axis extending
through said central fuel ejection nozzle perpendicularly to said tuel spray

ax1s; and

wherein said opposed groups of said first series of airflow passages are oriented
towards said transverse axis such as to produce opposed fuel spray shaping

air jets which intersect the initially conical fuel spray to generate a

narrower final fuel spray directed at least partially toward the fuel spray

axis.

The fuel nozzle as defined in claim 1, wherein the fuel spray shaping air jets form a
final fuel spray having a substantially elliptical transverse cross-sectional shape,
having a major axis parallel to said transverse axis and a minor axis perpendicular

thereto.
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The fuel nozzle as defined in claim 1 or 2, wherein said opposed groups of airtflow

passages are symmetric with respect to said transverse axis.

The fuel nozzle as defined in any one of claims 1 to 3, wherein the spray tip includes
a second series of airflow passages disposed in said spray tip circumferentially about
the central fuel ejection nozzle and located radially inwards of the first series of

airtlow passages.

The fuel nozzle as defined in claim 4, wherein said second series of airflow passages
include passage exit openings in said spray tip that are evenly circumferentially
spaced apart about the central fuel ejection nozzle, the second series of airflow
passages directing a substantially symmetric annular airflow to the initially conical

fuel spray.

The fuel nozzle as defined in claim 5, wherein each passage of said second series of

airflow passages defines a substantially circular cross-sectional area.

The fuel nozzle as defined in claim 5, wherein passages of said second series of

airflow passages are inclined such as to produce a swirling airflow theretrom.

The fuel nozzle as defined in any one of claims 1 to 7, wherein at least a portion of
said passages of said first series of airflow passages define a substantially circular

cross-sectional area.

The fuel nozzle as defined in claim 8, wherein said passages of said first series of
airflow passages have exit openings having substantially circular cross-sectional

arcas.

The fuel nozzle as defined in any one of claims 1 to 9, wherein the spray tip includes
a central portion mounted to the nozzle body and a separate air swirler portion
mounted to the central portion, the first series of airflow passages being disposed 1n

said separate air swirler portion.
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11. The fuel nozzle as defined in any one of claims 1 to 10, wherein the spray tip is

substantially circular.

12. A gas turbine engine combustor assembly comprising:

a combustor liner enclosing a combustion chamber, the combustor liner having

an annular dome portion;

a plurality of fuel nozzles disposed in the annular dome portion for injecting fuel
into the combustion chamber, the fuel nozzles being equally
circumferentially spaced apart about the annular dome portion to define an
annular axis interconnecting the fuel nozzles, each of said fuel nozzles

including:

a spray tip having a central fuel ejection nozzle in tlow communication
with at least one fuel flow passage which receives fuel from a fuel
source, the central fuel ejection nozzle defining a fuel spray axis
and ejecting fuel into the combustion chamber in an initially

conically shaped fuel spray about the fuel spray axis;

a first series of airflow passages disposed In said spray tip radially
outwardly from the central fuel ejection nozzle, said airtlow
passages being circumferentially discontinuous and including
opposed groups of airflow passages, said opposed groups of airflow

passages being circumferentially spaced apart in the spray tip by

regions substantially free of airflow passages and located on
opposite sides of a transverse axis extending through said central
fuel ejection nozzle perpendicularly to said fuel spray axis; said
opposed groups of airflow passages being oriented towards said
transverse axis such as to produce opposed fuel spray shaping air
jets, said fuel spray shaping air jets intersecting said initially conical
fuel spray such as to generate a final fuel spray having a narrower

elliptical cross-sectional shape directed at least partially toward the



13.

14.

13.

16.

17.

[8.

CA 02690431 2014-12-08

13

fuel spray axis and defining a major axis parallel to said transverse

axis and a minor axis perpendicular thereto.

The gas turbine engine combustor assembly as defined in claim 12, wherein the
transverse axis is substantially tangential to said annular axis interconnecting the tuel

nozzles about the dome portion of the combustor.

The gas turbine engine combustor assembly as defined in claim 12 or 13, wherein
said opposed groups of airflow passages are symmetric with respect to said

transverse axis.

The gas turbine engine combustor assembly e as defined in any one of claims 12 to
14, wherein the spray tip includes a second series of airflow passages disposed 1n
said spray tip circumferentially about the central fuel ejection nozzle and located

radially inwards of the first series of airtlow passages.

The gas turbine engine combustor assembly as defined in claim 15, wherein said
second series of airflow passages include passage exit openings in said spray tip that
are evenly circumferentially spaced apart about the central fuel ejection nozzle, the
second series of airflow passages directing a substantially symmetric annular airflow

to the 1nitially conical fuel spray.

The gas turbine engine combustor assembly as defined in any one of claims 12 to 16,
wherein the spray tip includes a central portion mounted to a nozzle body and a
separate air swirler portion mounted to the central portion, the central portion
including the central fuel ejection nozzle formed therein, and the first series of

airflow passages being disposed in said separate air swirler portion.

A fuel injection system of a gas turbine engine, the system comprising a fuel
manifold, a plurality of nozzles mounted to said manifold and having spray tips for
injecting an air/fuel mixture into a combustor of the gas turbine engine, at least one

of said nozzles having a central fuel ejection nozzle and defining therein at least one
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fuel flow passage providing fluid flow communication between said fuel manifold
and said central fuel ejection nozzle, a plurality of airflow passages disposed within
said spray tip and being circumferentially discontinuous thereabout, the airflow
passages Including at least a first and second group of fuel-spray shaping airflow
passages circumferentially spaced apart by regions substantially free of airflow
passages, the first and second groups of fuel-spray shaping airflow passages being
disposed on opposite sides of a transverse axis and oriented towards each other such
as to produce opposed fuel spray shaping air jets, said fuel spray shaping air jets
intersecting a fuel spray ¢jected out of said central fuel ejection nozzle -to generate a

narrower final fuel spray.

The tuel injection system as defined in claim 18, wherein the shaped final fuel spray

has a non-circular cross-sectional shape.

The fuel 1injection system as defined in claim 18 or 19, wherein the final fuel spray 1s
substantially elliptical in cross-sectional shape, defining a major axis parallel to said

transverse axis and a minor axis perpendicular thereto.

The fuel injection system as defined in any one of claims 18 to 20, wherein the
transverse axis is substantially tangent to an annular axis interconnecting the fuel

nozzles about the manifold.

The fuel injection system as defined in any one of claims 18 to 21, wherein said first
and second groups of airflow passages are symmetric with respect to said transverse

axis.

The fuel injection system as defined in any one of claims 18 to 22, wherein the spray
tip includes a central portion mounted to a nozzle body and a separate.air swirler
portion mounted to the central portion, the central portion including the central tuel
ejection nozzle formed therein, and the first and second groups of airflow passages

being disposed 1n said separate air swirler portion.
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The fuel injection system as defined in any one of claims 18 to 23, wherein said fuel-

spray shaping airflow passages have substantially circular cross-sectional areas.

The fuel injection system as defined in any one of claims 18 to 24, wherein said

spray tips are substantially circular.
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