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Description
BACKGROUND OF THE DISCLOSURE
1. Technical Field

[0001] This disclosure relates generally to a gas tur-
bine engine and, more particularly, to a fuel injector as-
sembly for the gas turbine engine.

2. Background Information

[0002] Various typesand configurations of fuel injector
assemblies are known in the art. Some of these known
fuel injector assemblies include an air swirler mated with
a fuel injector nozzle. While these known fuel injector
assemblies have various advantages, there is still room
in the art for improvement.

SUMMARY OF THE DISCLOSURE

[0003] According to an aspect of the present disclo-
sure, an assembly is provided for a gas turbine engine.
This assembly includes an air swirler structure, an injec-
tor nozzle and a nozzle guide. The air swirler structure
includes an inner bore and an air swirler passage. The
inner bore extends axially along an axis through the air
swirler structure. The air swirler passage extends radially
into the air swirler structure to the inner bore. The injector
nozzle projects axially into the inner bore. The nozzle
guide couples the injector nozzle to the air swirler struc-
ture. The nozzle guide includes a guide foot and an air
purge passage radially outboard of the guide foot. The
guide foot is configured to radially engage the injector
nozzle. The air purge passage extends across the nozzle
guide and axially to the inner bore.

[0004] According to another aspect of the present dis-
closure, another assembly is provided for a gas turbine
engine. This assembly includes an air swirler structure,
an injector nozzle and a nozzle guide. The air swirler
structure includes an inner bore and an air swirler pas-
sage. The inner bore extends axially along an axis. The
air swirler passage extends radially into the air swirler
structure to the inner bore. The injector nozzle projects
axially into the inner bore. The air swirler passage cir-
cumscribes the injector nozzle. The nozzle guide projects
out from the injector nozzle to the air swirler structure.
The nozzle guide includes an air purge passage that ex-
tends across the nozzle guide and axially to the inner
bore. The air purge passage is configured to purge air
from an interior corner between the nozzle guide and the
injector nozzle. An outlet from the air swirler passage is
arranged axially between a tip of the injector nozzle and
an outlet from the air purge passage.

[0005] According to still another aspect of the present
disclosure, another assembly is provided for a gas tur-
bine engine. This assembly includes a fuel injector nozzle
and a nozzle guide. The fuel injector nozzle extends ax-
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ially along an axis. The nozzle guide circumscribes and
is slidable axially along the fuel injector nozzle. The noz-
zle guide includes an air purge passage and a plurality
of purge passage vanes. The air purge passage extends
across the nozzle guide between an inlet to the air purge
passage and an outlet from the air purge passage. The
purge passage vanes are disposed within the air purge
passage and are arranged circumferentially about the
axis. Each of the purge passage vanes extends radially
across the air purge passage.

[0006] The nozzle guide may also include a guide foot
radially inboard of the outlet from the air purge passage.
The guide foot may be configured to radially engage and
move axially along the injector nozzle.

[0007] The nozzle guide may also include a plurality
of purge passage vanes. The purge passage vanes may
be arranged circumferentially around the axis. Each of
the purge passage vanes may extend across the air
purge passage.

[0008] The air purge passage may include a plurality
of purge passage apertures and a purge passage groove.
The purge passage apertures may be arranged circum-
ferentially around the axis. Each of the purge passage
apertures may extend into the nozzle guide to the purge
passage groove. The purge passage groove may extend
circumferentially around the axis within the nozzle guide.
The purge passage groove may extend axially into the
nozzle guide to the purge passage apertures.

[0009] The air purge passage may extend axially
through the nozzle guide to the inner bore.

[0010] The nozzle guide may also include a plurality
of purge passage vanes. The purge passage vanes may
be arranged circumferentially about the axis. Each of the
purge passage vanes may extend radially across the air
purge passage.

[0011] A leading edge of a first of the purge passage
vanes may be spaced an axial distance from an inlet to
the air purge passage.

[0012] A trailing edge of a first of the purge passage
vanes may be spaced an axial distance from an outlet
from the air purge passage.

[0013] The air purge passage may include a plurality
of purge passage apertures and a purge passage groove.
The purge passage apertures may be arranged circum-
ferentially about the axis. Each of the purge passage ap-
ertures may extend into the nozzle guide to the purge
passage groove. The purge passage groove may extend
circumferentially about the axis within the nozzle guide.
The purge passage groove may extend axially into the
nozzle guide, from the inner bore, to the purge passage
apertures.

[0014] The purge passage groove may be an annular
groove circumscribing the guide foot.

[0015] A first of the purge passage apertures may
projectradially into the nozzle guide to the purge passage
groove.

[0016] The air swirler structure may also include a ra-
dial air swirler comprising the air swirler passage. The
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radial air swirler may be configured to direct a first quan-
tity of air through the air swirler passage and radially into
the inner bore. The nozzle guide may also include an
axial air swirler comprising the air purge passage. The
axial air swirler may be configured to direct a second
quantity of air through the air purge passage and axially
into the inner bore along a tip portion of the injector noz-
Zle.

[0017] The radial air swirler may be configured to swirl
the first quantity of air directed through the air swirler
passage in a first direction about the axis. The axial air
swirler may be configured to swirl the second quantity of
air directed through the air purge passage in a second
direction about the axis that is opposite the first direction.
[0018] The radial air swirler may be configured to swirl
the first quantity of air directed through the air swirler
passage in a first direction about the axis. The axial air
swirler may be configured to swirl the second quantity of
air directed through the air purge passage in the first di-
rection about the axis.

[0019] The first quantity of air may be greater than the
second quantity of air.

[0020] The air purge passage may be configured to
purge air from an interior corner between the nozzle guide
and the injector nozzle.

[0021] The air swirler passage may be a first air swirler
passage. The air swirler structure may also include a
second air swirler passage. The first air swirler passage
may be axially between the second air swirler passage
and the nozzle guide. The second air swirler passage
may extend radially into the air swirler structure to the
inner bore.

[0022] The air swirler passage may be a first air swirler
passage. The air swirler structure may also include an
annulus and a second air swirler passage. The annulus
may be radially outboard from the inner bore. The annu-
lus may extend circumferentially about and axially along
the inner bore. The second air swirler passage may ex-
tend radially into the air swirler structure to the annulus.
[0023] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.

[0024] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a side cutaway illustration of a geared tur-
bine engine.

FIG. 2 is a partial side sectional illustration of a com-
bustor with a fuel injector assembly.

FIG. 3is a partial side sectional illustration of the fuel
injector assembly.

FIG. 4 is a cross-sectional illustration of a radial air
swirler.
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FIG. 5 is a partial side sectional illustration of the fuel
injector assembly at a nozzle guide.

FIGS. 6A and 6B are partial perspective illustrations
of the nozzle guide of FIG. 5.

FIGS. 7A-C are partial schematic illustrations of fuel
injector nozzles injecting fuel along various trajecto-
ries.

FIG. 8 is a partial side sectional illustration of the fuel
injector assembly with another nozzle guide.

FIGS. 9A and 9B are partial perspective illustrations
of the nozzle guide of FIG. 8.

FIG. 10 is a partial side sectional illustration of the
fuel injector assembly configured with one or more
additional air swirlers.

DETAILED DESCRIPTION

[0026] FIG. 1 is a side cutaway illustration of a geared
gas turbine engine 20. This gas turbine engine 20 ex-
tends along an axial centerline 22 between an upstream
airflow inlet 24 and a downstream airflow exhaust 26.
The gas turbine engine 20 includes a fan section 28, a
compressor section 29, a combustor section 30 and a
turbine section 31. The compressor section 29 includes
alow pressure compressor (LPC) section 29A and a high
pressure compressor (HPC) section 29B. The turbine
section 31 includes a high pressure turbine (HPT) section
31A and a low pressure turbine (LPT) section 31B.
[0027] The engine sections 28-31B are arranged se-
quentially along the axial centerline 22 within an engine
housing 34. This engine housing 34 includes an inner
case 36 (e.g., a core case) and an outer case 38 (e.g.,
a fan case). The inner case 36 may house one or more
of the engine sections 29A, 29B, 30, 31A and 31B; e.g.,
a core of the gas turbine engine 20. The outer case 38
may house at least the fan section 28.

[0028] Each of the engine sections 28, 29A, 29B, 31A
and 31B includes a respective bladed rotor 40-44. Each
of these bladed rotors 40-44 includes a plurality of rotor
blades arranged circumferentially around and connected
to one or more respective rotor disks and/or hubs. The
rotor blades, for example, may be formed integral with
or mechanically fastened, welded, brazed, adhered
and/or otherwise attached to the respective rotor disk(s)
and/or the respective hub(s).

[0029] The fan rotor 40 is connected to a geartrain 46,
for example, through a fan shaft 48. The geartrain 46 and
the LPC rotor 41 are connected to and driven by the LPT
rotor 44 through a low speed shaft 49. The HPC rotor 42
is connected to and driven by the HPT rotor 43 through
a high speed shaft 50. The engine shafts 48-50 are ro-
tatably supported by a plurality of bearings 52; e.g., rolling
element and/or thrust bearings. Each of these bearings
52 is connected to the engine housing 34 by at least one
stationary structure such as, forexample, an annular sup-
port strut.

[0030] During engine operation, air enters the gas tur-
bine engine 20 through the airflow inlet 24. This air is
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directed through the fan section 28 and into a core flow-
path 54 and a bypass flowpath 56. The core flowpath 54
extends sequentially through the engine sections 29A-
31B; e.g., the engine core. The air within the core flow-
path 54 may be referred to as "core air". The bypass
flowpath 56 extends through a bypass duct, and bypass-
es the engine core. The air within the bypass flowpath
56 may be referred to as "bypass air".

[0031] The core airis compressed by the LPC rotor 41
and the HPC rotor 42 and directed into a (e.g., annular)
combustion chamber 58 of a (e.g., annular) combustor
60 in the combustor section 30. Fuel is injected into the
combustion chamber 58 and mixed with the compressed
core air to provide a fuel-air mixture. This fuel-air mixture
is ignited and combustion products thereof flow through
and sequentially cause the HPT rotor 43 and the LPT
rotor 44 to rotate. The rotation of the HPT rotor 43 and
the LPT rotor 44 respectively drive rotation of the HPC
rotor 42 and the LPC rotor 41 and, thus, compression of
the air received from aninlet to the core flowpath 54. The
rotation of the LPT rotor 44 also drives rotation of the fan
rotor 40, which propels bypass air through and out of the
bypass flowpath 56. The propulsion of the bypass air may
account for a majority of thrust generated by the gas tur-
bine engine 20.

[0032] Referring to FIG. 2, the combustor section 30
includes a plurality of fuel injector assemblies 62 (one
visible in FIG. 2) arranged circumferentially about the ax-
ial centerline 22 in a circular array. The fuel injector as-
semblies 62 are mounted to a (e.g., annular) bulkhead
64 of the combustor 60. The fuel injector assemblies 62
are configured to direct a mixture of fuel and compressed
airinto the combustion chamber 58 for combustion. Each
fuel injector assembly 62 of FIG. 2 includes an outer air
swirler structure 66 and a fuel injector 68. The fuel injector
assembly 62 also includes a nozzle guide 70 (e.g., a
guide plate, a slider, a nozzle mount, etc.) coupling the
fuel injector 68 to the air swirler structure 66.

[0033] Referring to FIG. 3, the air swirler structure 66
extends circumferentially around an axis 72 (e.g., a cen-
terline of the air swirler structure 66) providing the air
swirler structure 66 with a full-hoop body. The air swirler
structure 66 extends axially along the axis 72 from an
upstream end 74 of the air swirler structure 66 to a down-
stream end 76 of the air swirler structure 66. The air swirl-
er structure 66 of FIG. 3 includes a base section 78 and
a swirler section 80.

[0034] The base section 78 is disposed at (e.g., on,
adjacent or proximate) the structure upstream end 74.
This base section 78 may be configured as or otherwise
include a first swirler wall 82; e.g., an annular upstream
swirler wall. The base section 78 may also be configured
to form a receptacle 84 (e.g., a slot, a channel, etc.) for
receiving the nozzle guide 70 at the structure upstream
end 74. The base section 78 of FIG. 3, for example, also
includes a mounting plate 86 axially abutted against and
attached to the first swirler wall 82. The receptacle 84 is
formed at an inner periphery of the base section 78, ax-
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ially between a (e.g., annular) surface 88 of the first swirl-
erwall 82 and a (e.g., annular) surface 90 of the mounting
plate 86.

[0035] The swirler section 80 includes an outer air
swirler 92 and a second swirler wall 94; e.g., an annular
downstream swirler wall. The swirler section 80 of FIG.
3 also includes a swirler guide wall 96; e.g., a tubular
funnel wall.

[0036] The air swirler 92 may be configured as aradial
air swirler. The air swirler 92 of FIG. 3, for example, is
arranged axially between and is connected to the first
swirler wall 82 and the second swirler wall 94. The air
swirler 92 of FIG. 4 includes a plurality of air swirler vanes
98. Each of these air swirler vanes 98 extends axially
between and is connected to the first swirler wall 82 and
the second swirler wall 94 (see FIG. 3). The air swirler
vanes 98 are arranged circumferentially about the axis
72 in a circular array. Each of the air swirler vanes 98 is
circumferentially separated from each circumferentially
neighboring (e.g., adjacent) air swirler vane 98 by a re-
spective air swirler channel 100; e.g., an air gap. Each
air swirler channel 100 extends circumferentially be-
tween and to a respective circumferentially neighboring
pair of the air swirler vanes 98. Each air swirler channel
100 extends axially between and to the first swirler wall
82 and the second swirler wall 94 (see FIG. 3). With this
arrangement, the air swirler channels 100 collectively
form an air swirler passage 102 radially through the air
swirler 92, axially between the swirler walls 82 and 94
(see FIG. 3). The air swirler vanes 98 / the air swirler
channels 100 are configured such that air passing
through and out of the air swirler passage 102 is directed
in a first circumferential direction (e.g., a clockwise direc-
tion, or alternatively a counterclockwise direction) about
the axis 72. In other words, the air swirler vanes 98 / the
air swirler channels 100 are operable to circumferentially
swirl the air passing through the air swirler 92 in the first
circumferential direction.

[0037] Referring to FIG. 3, the swirler guide wall 96 is
disposed atthe structure downstream end 76. The swirler
guide wall 96 of FIG. 3, for example, is connected to (and
cantilevered from) the second swirler wall 94 at an inner
end of the air swirler 92. This swirler guide wall 96 projects
out from the second swirler wall 94 and extends axially
along the axis 72 to a (e.g., downstream) distal end 104
of the swirler guide wall 96 at the structure downstream
end 76. As the swirler guide wall 96 extends towards
(e.g., to) the structure downstream end 76, the swirler
guide wall 96 may (e.g., continuously or incrementally)
radially taper inwards towards the axis 72. The swirler
guide wall 96 may thereby have a tubular frustoconical
geometry with frustoconical inner and/or outer surfaces.
[0038] The air swirler structure 66 of FIG. 3 is further
configured with an inner swirler passage 106. This inner
swirler passage 106 is formed by an inner bore 108 of
the air swirler structure 66, which inner bore 108 extend
axially through the air swirler structure 66 between and
to the structure upstream end 74 and the structure down-
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stream end 76. An outer peripheral boundary of an up-
stream portion of the inner swirler passage 106, for ex-
ample, may be formed by and radially within the base
section 78 and its first swirler wall 82. An outer peripheral
boundary of a downstream portion of the inner swirler
passage 106 may be formed by and radially within the
swirler section 80 and its swirler guide wall 96. The inner
swirler passage 106 of FIG. 3 extends axially within the
air swirler structure 66 from (or about) a side 130 of the
nozzle guide 70 to an inner swirler outlet 110 (e.g., an
outlet orifice) at the structure downstream end 76.
[0039] Referring to FIG. 2, the air swirler structure 66
may be mated with the combustor bulkhead 64. The swirl-
er guide wall 96, for example, may project axially into or
through a respective port in the combustor bulkhead 64.
The air swirler structure 66 may also be mounted to the
combustor bulkhead 64. For example, the swirler seg-
ment 80 (e.g., the second swirler wall 94 and/or the swirl-
er guide wall 96 of FIG. 3) may be bonded (e.g., brazed
or welded) and/or otherwise connected to the combustor
bulkhead 64 and, more particularly, a shell 111 of the
combustor bulkhead 64. However, various other tech-
niques are known in the art for mounting an air swirler
structure to a combustor bulkhead (or various other com-
bustor components), and the present disclosure is not
limited to any particular ones thereof.

[0040] The fuel injector 68 of FIG. 2 includes a fuel
injector stem 112 and a fuel injector nozzle 114. The in-
jector stem 112 is configured to support and route fuel
to the injector nozzle 114. The injector nozzle 114 is can-
tilevered from the injector stem 112. The injector nozzle
114 projects along the axis 72 (e.g., a centerline of the
injector nozzle 114) partially into the inner bore 108 of
the air swirler structure 66. A tip 116 of the injector nozzle
114 is thereby disposed within the inner swirler passage
106. Here, the nozzle tip 116 is axially spaced from the
inner swirler outlet 110 by an axial distance along the
axis 72.

[0041] ReferringtoFIG.5, the nozzle guide 70includes
a nozzle guide base 118 (e.g., an annular plate) and an
air purge device 120 such as an inner air swirler. The
nozzle guide 70 extends radially between and to an inner
side 122 of the nozzle guide 70 and an outer side 124 of
the nozzle guide 70. The nozzle guide 70 and each of its
members 118 and 120 extends circumferentially about
(e.g., completely around) the axis 72. The nozzle guide
70 may thereby be configured with a full-hoop annular
body.

[0042] The guide base 118 projects radially outward
(e.g., away from the axis 72) from the air purge device
120 to the guide outer side 124; e.g., a radial outer distal
end of the guide base 118. The guide base 118 extends
axially along the axis 72 between and to opposing axial
sides 126 and 128 of the guide base 118. The base down-
stream side 128 may also form the downstream axial
side 130 of the nozzle guide 70. The guide base 118 of
FIG. 5is disposed radially outboard of and circumscribes
the air purge device 120.
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[0043] The air purge device 120 is disposed at the
guide inner side 122. The air purge device 120, for ex-
ample, projects radially inward (e.g., towards the axis 72)
from the guide base 118 to the guide inner side 122. The
air purge device 120 extends axially between and to op-
posing axial sides 132 and 134 of the air purge device
120. The device downstream side 134 may be axially
aligned with the base downstream side 128 and, thus,
may also form the downstream axial side 130 of the noz-
zle guide 70. The device upstream side 132, however,
may be axially offset from the base upstream side 126.
The air purge device 120 of FIG. 5, for example, projects
axially outfrom the guide base 118 toits device upstream
side 132. The device upstream side 132 may also form
an upstream axial side 136 of the nozzle guide 70. The
air purge device 120 of FIG. 5 includes an (e.g., tubular)
inner shroud 138, an (e.g., tubular) outer shroud 139 and
a plurality of purge passage vanes 140.

[0044] The inner shroud 138 may be disposed at the
guide inner side 122. This inner shroud 138 extends ax-
ially along the axis 72 between and to the opposing axial
sides 136, 132 and 130, 134 of the nozzle guide 70 and
its air purge device 120. The inner shroud 138 extends
radially outward from the guide inner side 122 to an outer
side 142 of the inner shroud 138. This inner shroud outer
side 142 may form an inner radial peripheral boundary
of an air purge passage 144 of the air purge device 120.
The inner shroud 138 extends circumferentially about
(e.g., completely) around the axis 72. This inner shroud
138 may be configured as a guide foot 146 (e.g., an an-
nular slider) for the nozzle guide 70 as discussed below
in further detail.

[0045] The outer shroud 139 may be disposed at a
radial outer side 148 of the air purge device 120; e.g.,
radially adjacent the guide base 118. The outer shroud
139 extends axially along the axis 72 between and to the
opposing axial sides 136, 132 and 130, 134 of the nozzle
guide 70 and its air purge device 120. The outer shroud
139 extends radially inward from the device outer side
148 to an inner side 150 of the outer shroud 139. This
outer shroud inner side 150 may form an outer radial
peripheral boundary of the air purge passage 144. The
outer shroud 139 extends circumferentially about (e.g.,
completely) around the axis 72.

[0046] The outer shroud 139 axially overlaps the inner
shroud 138. The outer shroud 139 is spaced radially out-
board for the inner shroud 138. The outer shroud 139
circumscribes the inner shroud 138. With this arrange-
ment, the air purge passage 144 is disposed radially be-
tween and formed by the inner shroud 138 and the outer
shroud 139. This air purge passage 144 extends circum-
ferentially about (e.g., completely around) the axis 72
within the air purge device 120. The air purge passage
144 may thereby be configured with an annular geome-
try. The air purge passage 144 extends across the nozzle
guide 70 and its air purge device 120 between and to an
(e.g., annular) inlet 152 to the air purge passage 144 and
an (e.g., annular) outlet 154 from the air purge passage
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144. The air purge passage 144 of FIG. 5, for example,
extends axially through the nozzle guide 70 and its air
purge device 120 from the purge passage inlet 152 at
the side 132, 136 to the purge passage outlet 154 at the
side 130, 134.

[0047] Each of the purge passage vanes 140 extends
radially between the inner shroud 138 and the outer
shroud 139. Each of the purge passage vanes 140 is
connected to the inner shroud 138 and the outer shroud
139. Each of the purge passage vanes 140 may thereby
extend radially across the air purge passage 144. Each
of the purge passage vanes 140 extends longitudinally
(e.g., axially) between and to a leading edge of the re-
spective purge passage vane 140 and a trailing edge of
the respective purge passage vane 140. The vane lead-
ing edge may be axially recessed from (e.g., axially
spaced from) the purge passage inlet 152 by a (e.g., non-
zero) axial distance. The vane trailing edge may be axially
recessed from (e.g., axially spaced from) the purge pas-
sage outlet 154 by a (e.g., non-zero) axial distance. The
present disclosure, however, is not limited to such a spa-
tial arrangement. For example, the vane leading edge
may alternatively be axially aligned with the purge pas-
sage inlet 152 and/or the vane trailing edge may alter-
natively be axially aligned with the purge passage outlet
154.

[0048] Referring to FIGS. 6A and 6B, the purge pas-
sage vanes 140 are arranged circumferentially about the
axis 72 in a circular array. This array of purge passage
vanes 140 circumscribes the inner shroud 138, and the
outer shroud 139 circumscribes the array of purge pas-
sage vanes 140. Within the array, each of the purge pas-
sage vanes 140 is circumferentially separated from each
circumferentially neighboring (e.g., adjacent) purge pas-
sage vane 140 by a respective purge passage channel
156; e.g., an air gap. Each purge passage channel 156
extends circumferentially between and to a respective
circumferentially neighboring pair of the purge passage
vanes 140. Each purge passage channel 156 extends
radially between and to the inner shroud 138 and the
outer shroud 139 (see also FIG. 5). With this arrange-
ment, the purge passage channels 156 collectively form
atleast a (e.g., intermediate) portion of the air purge pas-
sage 144 (see also FIG. 5).

[0049] The purge passage vanes 140 / the purge pas-
sage channels 156 may be configured such that air pass-
ing through and out of the air purge passage 144 is di-
rected in the first circumferential direction (e.g., the clock-
wise direction, or alternatively the counterclockwise di-
rection) about the axis 72. In other words, the purge pas-
sage vanes 140 / the purge passage channels 156 may
be operable to circumferentially swirl the air passing
through the purge passage device in the first circumfer-
ential direction - the same direction of the air swirler 92
of FIG. 4. However, in other embodiments, the purge
passage vanes 140 / the purge passage channels 156
may be configured such that air passing through and out
of the air purge passage 144 is directed in a second cir-
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cumferential direction (e.g., the counterclockwise direc-
tion, or alternatively the clockwise direction) about the
axis 72. In other words, the purge passage vanes 140 /
the purge passage channels 156 may be operable to
circumferentially swirl the air passing through the air
purge device 120 in the second circumferential direction
opposite the first circumferential direction.

[0050] Referring to FIG. 3, the nozzle guide 70 is con-
figured to couple the injector nozzle 114 to the air swirler
structure 66 and, thus, the bulkhead 64 (see FIG. 2). The
nozzle guide 70 and its guide base 118, for example,
may project radially into the receptacle 84, where the
nozzle guide 70 andits guide base 118 may (e.g., loosely)
capture the nozzle guide 70 and its guide base 118 axially
between the first swirler wall 82 and the mounting plate
86. This capturing of the nozzle guide 70 between the
first swirler wall 82 and the mounting plate 86 may facil-
itate the nozzle guide 70 and its guide base 118 to radially
float (e.g., shift) within the receptacle 84. This floating
may in turn accommodate (e.g., slight) radial shifting be-
tween the air swirler structure 66 and the fuel injector 68
and its injector nozzle 114 during gas turbine engine op-
eration.

[0051] Theinjector nozzle 114 is mated with the nozzle
guide 70. The injector nozzle 114, for example, projects
axially through an inner bore of the inner shroud 138.
The inner shroud 138 thereby extends axially along and
circumscribes the injector nozzle 114. The inner shroud
138 / the guide foot 146 is configured to radially engage
(e.g., contact) an outer cylindrical land surface 158 of the
injector nozzle 114. The inner shroud 138 / the guide foot
146 is further configured to move (e.g., slide, translate,
etc.) axially along the injector nozzle 114 and its land
surface 158. This relative movement between the inner
shroud 138 / the guide foot 146 and the injector nozzle
114 and its land surface 158 may in turn accommodate
(e.g., slight) axial shifting between the air swirler structure
66 and the fuel injector 68 and its injector nozzle 114
during gas turbine engine operation.

[0052] During operation of the fuel injector assembly
62 of FIG. 3, a first quantity / stream of air (e.g., the com-
pressed core air from the HPC section 29B of FIG. 1) is
directed into the air swirler passage 102. This first air
stream flows radially through the air swirler passage 102
and is directed radially into the inner swirler passage 106;
e.g., a portion of the inner bore 108 downstream of the
nozzle guide 70. As the first air stream passes through
the air swirler 92 and its air swirler passage 102, the first
air stream is swirled in the first circumferential direction
(see FIG. 4). The first air stream directed through the air
swirler 92 into the inner swirler passage 106 is therefore
(or otherwise includes) swirled air. This swirled air is then
directed axially through the inner swirler passage 106
and is discharged from the air swirler structure 66 through
the inner swirler outlet 110.

[0053] A second quantity / stream of air (e.g., the com-
pressed core air from the HPC section 29B of FIG. 1) is
directed into the air purge passage 144, which second
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quantity of air may be less than (e.g., less than 1/2, 1/3
or 1/4 of) the first quantity of air injected by the air swirler
92. This second air stream flows axially through the air
purge passage 144 and is directed axially into the inner
swirler passage 106 axially along and adjacent the injec-
tor nozzle 114. As the second air stream passes through
the air purge device 120 and its air purge passage 144,
the second air stream is swirled in the first circumferential
direction (see FIGS. 6A and 6B). The second air stream
directed through the air purge device 120 into the inner
swirler passage 106 is therefore (or otherwise) includes
swirled air, which is coflowing with the first air stream. Of
course, in otherembodiments, the second air stream may
be counterflowing to the first air stream. The swirled air
is then directed axially through the inner swirler passage
106 and is discharged from the air swirler structure 66
through the inner swirler outlet 110.

[0054] As the second air stream is directed into the
inner swirler passage 106 (e.g., the inner bore 108), the
second air stream flows through a region at an interior
corner 160 between the nozzle guide 70 and the injector
nozzle 114. The second air stream may thereby purge
(e.g., recirculating) air that may otherwise be trapped at
the corner 160 by the first air stream from the air swirler
92. Directing of the second air stream into the inner swirl-
er passage 106 at the corner 160 may also mitigate ef-
fects of (e.g., potential future wear related) leakage air
through an interface between the inner shroud 138 / the
guide foot 146 and the injector nozzle 114. Directing the
axial second air stream along the injector nozzle 114 may
tune (e.g., modify) fuel spray from the injector nozzle 114.
The second air stream, for example, may push fuel
sprayed into the inner swirler passage 106 from the in-
jector nozzle 114 further downstream to facilitate further
axial fuel penetration. Furthermore, the second air
stream may work with the first air stream within the inner
swirler passage 106 to modify (e.g., increase) swirling
velocity within the inner swirler passage 106 to enhance
fuel atomization and combustor performance.

[0055] The fuel injected by the injector nozzle 114 for
mixing with the first and the second air streams may be
a hydrocarbon fuel and/or a non-hydrocarbon fuel such
as hydrogen fuel (e.g., H, gas). Referring to FIG. 7A, the
fuel may be directed out of the injector nozzle 114 in a
substantially radial direction (e.g., see line 162A) from
one or more fuel nozzle outlets. Referring to FIG. 7B, the
fuel may alternatively (or also) be directed out of the in-
jector nozzle 114 in a substantially axial direction (e.g.,
see line 162B) from one or more fuel nozzle outlets. Re-
ferring to FIG. 7C, the fuel may alternatively (or also) be
directed out of the injector nozzle 114 in a canted (e.g.,
axial and radial; diagonal) direction (e.g., see line 162C)
from one or more fuel nozzle outlets. The present disclo-
sure, however, is not limited to the foregoing exemplary
injector nozzle configurations.

[0056] In some embodiments, referring to FIGS. 5, 6A
and 6B, the purge passage channels 156 may be formed
by the purge passage vanes 140. In other embodiments,
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referring to FIG. 8 and 9A and 9B, the purge passage
channels 156 may be respectively formed by a plurality
of purge passage apertures 164. The air purge device
120 of FIGS. 8, 9A and 9B, for example, includes the
purge passage apertures 164 and a (e.g., annular) purge
passage groove 166, which passage members 164 and
166 collectively form the air purge passage 144 across
the nozzle guide 70 and its air purge device 120. In par-
ticular, the air purge device 120 of FIGS. 8, 9A and 9B
includes the inner shroud 138 which forms the guide foot
146, the outer shroud 139 and an (e.g., annular) endwall
168. Here, the inner shroud 138 of FIG. 8 projects axially
beyond both opposing axial sides 126 and 128 of the
guide base 118. The outer shroud 139 projects axially
out from the guide base 118 to the device upstream side
132. The endwall 168 is disposed at the device upstream
side 132, and extends radially between and to the inner
shroud 138 and the outer shroud 139. The purge passage
apertures 164 are arranged circumferentially about the
axis 72 in a circular array; see also FIGS. 9A and 9B.
Each of the purge passage apertures 164 extends radi-
ally into the air purge device 120 (e.g., radially through
the outer shroud 139) to an upstream end portion of the
purge passage groove 166. The purge passage groove
166 extends circumferentially about (e.g., completely
around) the axis 72 within the air purge device 120. The
purge passage groove 166 may thereby circumscribe the
inner shroud 138/ the guide foot 146. The purge passage
groove 166 extends axially into the air purge device 120
to outlets of the purge passage apertures 164 and/or to
the endwall 168.

[0057] One or more or all of the purge passage aper-
tures 164 may be canted to impart swirl to the air flowing
therethrough. One or more or all of the purge passage
apertures 164 may alternatively be perpendicular to the
shroud(s) 138, 139 to flow air therethrough without im-
parting (or with imparting little) swirl.

[0058] In some embodiments, referring to FIG. 3, the
air swirler structure 66 may be configured with a single
air swirler 92. In other embodiments, referring to FIG. 10,
the air swirler may alternatively be one of a plurality of
air swirlers 92A-C (generally referred to as "92"). In the
embodiment of FIG. 10, the first air swirler 92A and the
second air swirler 92B are each configured to direct
(counter or co) swirled air radially into the inner bore 108
and its inner swirler passage 106. The second air swirler
92B may be configured similar to the first air swirler 92A,
except positioned axially downstream of the first air swirl-
er 92A. The first air swirler 92A, for example, may be
arranged axially between (a) the nozzle guide 70 and its
purge passage outlet 154 and (b) the second air swirler
92B. The first air swirler 92A may also be axially aligned
with (e.g., axially overlap) the injector nozzle 114; e.g.,
axially arranged between (a) the nozzle guide 70 and its
purge passage outlet 154 and (b) the nozzle tip 116. The
third air swirler 92C, on the other hand, may be configured
to direct swirled air into an outer swirler passage 170
(e.g., an annulus within the air swirler structure 66) that
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circumscribes and extends along the swirler guide wall
96. This third air swirler 92C may swirl a third stream of
air in the first circumferential direction (e.g., a common
direction as the first air swirler 92A and/or the second air
swirler 92B and/or the air purge device 120), or in the
second circumferential direction about the axis 72 that is
opposite the first circumferential direction. The present
disclosure, however, is not limited to such an exemplary
multi-air swirler configuration. For example, in other em-
bodiments, the air swirler structure 66 may include one
or more additional radial and/or axial flow air swirlers. In
still other embodiments, the second air swirler 92B or the
third air swirler 92C may be omitted.

[0059] The fuel injector assembly(ies) 62 may be in-
cluded in various turbine engines other than the one de-
scribed above. The fuel injector assembly(ies) 62, for ex-
ample, may be included in a geared turbine engine where
a geartrain connects one or more shafts to one or more
rotors in a fan section, a compressor section and/or any
other engine section. Alternatively, the fuel injector as-
sembly(ies) 62 may be included in a direct drive turbine
engine configured without a geartrain. The fuel injector
assembly(ies) 62 may be included in a turbine engine
configured with a single spool, with two spools (e.g., see
FIG. 1), or with more than two spools. The turbine engine
may be configured as a turbofan engine, a turbojet en-
gine, a turboprop engine, a turboshaft engine, a propfan
engine, a pusher fan engine or any other type of turbine
engine. The turbine engine may alternatively be config-
ured as an auxiliary power unit (APU) or an industrial gas
turbine engine. The present disclosure therefore is not
limited to any particular types or configurations of turbine
engines.

[0060] While various embodiments of the present dis-
closure have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
disclosure. For example, the present disclosure as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present disclosure that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the disclosure. Accord-
ingly, the presentdisclosure is not to be restricted except
in light of the attached claims and their equivalents.

Claims

1. Anassembly for a gas turbine engine (20), compris-
ing:

an air swirler structure (66) including an inner
bore (108) and an air swirler passage (102), the
inner bore (108) extending axially along an axis
(72) through the air swirler structure (66), and
the air swirler passage (102) extending radially
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into the air swirler structure (66) to the inner bore
(108);

an injector nozzle (114) projecting axially into
the inner bore (108); and

a nozzle guide (70) coupling the injector nozzle
(114) to the air swirler structure (66), the nozzle
guide (70) including a guide foot (146) and an
air purge passage (144) radially outboard of the
guide foot (146), the guide foot (146) configured
to radially engage the injector nozzle (114), and
the air purge passage (144) extending across
the nozzle guide (70) and axially to the inner
bore (108).

2. The assembly of claim 1, wherein the air purge pas-
sage (144) extends axially through the nozzle guide
(70) to the inner bore (108).

3. The assembly of claim 1 or 2, wherein

the nozzle guide (70) further includes a plurality
of purge passage vanes (140); and

the plurality of purge passage vanes (140) are
arranged circumferentially about the axis (72),
and each of the plurality of purge passage vanes
(140) extends radially across the air purge pas-
sage (144).

4. The assembly of claim 3, wherein:

a leading edge of a first of the plurality of purge
passage vanes (140)is spaced an axial distance
from an inlet (152) to the air purge passage
(144); and/or

a trailing edge of a first of the plurality of purge
passage vanes (140)is spaced an axial distance
from an outlet (154) from the air purge passage
(144).

5. The assembly of any preceding claim, wherein

the air purge passage (144) includes a plurality
of purge passage apertures (164) and a purge
passage groove (166);

the plurality of purge passage apertures (164)
are arranged circumferentially about the axis
(72), and each of the plurality of purge passage
apertures (164) extends into the nozzle guide
(70) to the purge passage groove (166); and
the purge passage groove (166) extends cir-
cumferentially about the axis (72) within the noz-
zle guide (70), and the purge passage groove
(166) extends axially into the nozzle guide (70),
from the inner bore (108), to the plurality of purge
passage apertures (164), optionally wherein:

the purge passage groove (166) is an an-
nular groove circumscribing the guide foot
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(146); and/or

a first of the plurality of purge passage ap-
ertures (164) projects radially into the noz-
zle guide (70) to the purge passage groove
(166).

6. The assembly of any preceding claim, wherein

the air swirler structure (66) further includes a
radial air swirler comprising the air swirler pas-
sage (102), and the radial air swirler is config-
ured to direct a first quantity of air through the
air swirler passage (102) and radially into the
inner bore (108); and

the nozzle guide (70) further includes an axial
air swirler comprising the air purge passage
(144), and the axial air swirler is configured to
direct a second quantity of air through the air
purge passage (144) and axially into the inner
bore (108) along a tip portion (116) of the injector
nozzle (114), optionally wherein the first quantity
of air is greater than the second quantity of air.

7. The assembly of claim 6, wherein

the radial air swirler is configured to swirl the first
quantity of air directed through the air swirler
passage (102) in a first direction about the axis
(72); and

the axial air swirler is configured to swirl the sec-
ond quantity of air directed through the air purge
passage (144) in a second direction about the
axis (72) that is opposite the first direction.

8. The assembly of claim 6, wherein

the radial air swirler is configured to swirl the first
quantity of air directed through the air swirler
passage (102) in a first direction about the axis
(72); and

the axial air swirler is configured to swirl the sec-
ond quantity of air directed through the air purge
passage (144)in the first direction about the axis
(72).

9. The assembly of any preceding claim, wherein the
air purge passage (144) is configured to purge air
from an interior corner (160) between the nozzle
guide (70) and the injector nozzle (114).

10. The assembly of any preceding claim, wherein

the air swirler passage (102) is a first air swirler
passage (102), and the air swirler structure (66)
further includes a second air swirler passage
(102);

the first air swirler passage (102) is axially be-
tween the second air swirler passage (102) and
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the nozzle guide (70); and

the second air swirler passage (102) extends
radially into the air swirler structure (66) to the
inner bore (108).

11. The assembly of any of claims 1 to 9, wherein

the air swirler passage (102) is a first air swirler
passage (102), and the air swirler structure (66)
further includes an annulus (170) and a second
air swirler passage (102);

the annulus (170) is radially outboard from the
inner bore (108), and the annulus (170) extends
circumferentially about and axially along the in-
ner bore (108); and

the second air swirler passage (102) extends
radially into the air swirler structure (66) to the
annulus (170).

12. An assembly for a gas turbine engine (20), compris-

an air swirler structure (66) including an inner
bore (108) and an air swirler passage (102), the
inner bore (108) extending axially along an axis
(72), and the air swirler passage (102) extending
radially into the air swirler structure (66) to the
inner bore (108);

an injector nozzle (114) projecting axially into
the inner bore (108), the air swirler passage
(102) circumscribing the injector nozzle (114);
and

a nozzle guide (70) projecting out from the in-
jector nozzle (114) to the air swirler structure
(66), the nozzle guide (70) including an air purge
passage (144) that extends across the nozzle
guide (70) and axially to the inner bore (108),
the air purge passage (144) configured to purge
air from an interior corner (160) between the
nozzle guide (70) and the injector nozzle (114),
and an outlet (154) from the air swirler passage
(102) arranged axially between a tip (116) of the
injector nozzle (114) and an outlet (154) from
the air purge passage (144).

13. The assembly of claim 12, wherein the nozzle guide
(70) further includes:

a guide foot (146) radially inboard of the outlet
(154) from the air purge passage (144), the
guide foot (146) configured to radially engage
and move axially along the injector nozzle (114);
and/or

a plurality of purge passage vanes (140), the
plurality of purge passage vanes (140) arranged
circumferentially around the axis (72), each of
the plurality of purge passage vanes (140) ex-
tending across the air purge passage (144).
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14. The assembly of claim 12 or 13, wherein

the air purge passage (144) includes a plurality

of purge passage apertures (164) and a purge
passage groove (166); 5
the plurality of purge passage apertures (164)

are arranged circumferentially around the axis
(72), and each of the plurality of purge passage
apertures (164) extends into the nozzle guide
(70) to the purge passage groove (166); and 10
the purge passage groove (166) extends cir-
cumferentially around the axis (72) within the
nozzle guide (70), and the purge passage
groove (166) extends axially into the nozzle
guide (70) to the plurality of purge passage ap- 15
ertures (164).

15. An assembly for a gas turbine engine (20), compris-
ing:
20

a fuel injector nozzle (114) extending axially
along an axis (72); and
a nozzle guide (70) circumscribing and slidable
axially along the fuel injector nozzle (114), the
nozzle guide (70) including an air purge passage 25
(144) and a plurality of purge passage vanes
(140), the air purge passage (144) extending
across the nozzle guide (70) between an inlet
(152) to the air purge passage (144) and an out-
let (154) from the air purge passage (144), the 30
plurality of purge passage vanes (140) disposed
within the air purge passage (144) and arranged
circumferentially about the axis (72), and each
of the plurality of purge passage vanes (140)
extending radially across the air purge passage 35
(144).
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