2017/165611 AT |1 0000 I 00O O

W

(43) International Publication Date
28 September 2017 (28.09.2017)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2017/165611 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
F23R 3/34 (2006.01) F23R 3/20(2006.01)
F23R 3/28 (2006.01)

International Application Number:
PCT/US2017/023751

International Filing Date:
23 March 2017 (23.03.2017)

Filing Language: English

Publication Language: English

Priority Data:
62/313,312
15/464,419

25 March 2016 (25.03.2016) Us
21 March 2017 (21.03.2017) Us

Applicant: GENERAL ELECTRIC COMPANY
[US/US]; 1 River Road, Schenectady, NY 12345 (US).

Inventors: BERRY, Jonathan, Dwight; 300 Garlington
Road, Greenville, SC 29615 (US). WIDENER, Stanley,
Kevin; 300 Garlington Road, Greenville, SC 29615 (US).
HUGHES, Michael, John; 300 Garlington Road, Green-
ville, SC GREENVILLE (US). HAFNER, Matthew,
Troy; 300 Garlington Road, Greenville, SC 29615 (US).
CITENO, Joseph, Vincent; 300 Garlington Road, Green-
ville, SC 29615 (US).

Agents: ZHANG, Douglas, D. et al.; General Electric
Company, Global Patent Operation, 901 Main Avenue, 3th
Floor, Norwalk, CT 06851 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: INTEGRATED COMBUSTOR NOZZLE FOR A SEGMENTED ANNULAR COMBUSTION SYSTEM

(57) Abstract: The present disclosure is directed to an integrated combustor nozzle for a segmented annular combustion system. The
integrated combustor nozzle includes an outer liner segment, an inner liner segment, and a fuel injection panel extending radially
between the outer liner segment and the inner liner segment. The fuel injection panel includes a first side wall, a second side wall,
O and a plurality of premixing channels between the first and second side walls, each of the premixing channels having an outlet on
one of the first and second side walls. The aft end of the fuel injection panel defines a turbine nozzle.



WO 2017/165611 PCT/US2017/023751

INTEGRATED COMBUSTOR NOZZLE FOR A SEGMENTED ANNULAR
COMBUSTION SYSTEM

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0001] This invention was made with Government support under Contract No.
DE-FE0023965 awarded by the United States Department of Energy. The

Government has certain rights in this invention.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] The present application is a non-provisional application, which claims
priority to U.S. Provisional Application Serial No. 62/313,312, filed March 25, 2016,

the entire disclosure of which is incorporated by reference herein.

TECHNICAL FIELD
[0003] The subject matter disclosed herein relates to a segmented annular
combustion system for a gas turbine. More specifically, the disclosure is directed to
an integrated combustor nozzle for a segmented annular combustion system for a gas

turbine.

BACKGROUND
[0004] Industrial gas turbine combustion systems usually burn hydrocarbon fuels
and produce air polluting emissions such as oxides of nitrogen (NOx) and carbon
monoxide (CO). Oxidization of molecular nitrogen in the gas turbine depends upon
the temperature of gas located in a combustor, as well as the residence time for
reactants located in the highest temperature regions within the combustor. Thus, the
amount of NOx produced by the gas turbine may be reduced or controlled by either
maintaining the combustor temperature below a temperature at which NOx 1s
produced, or by limiting the residence time of the reactant in the combustor.
[0005] One approach for controlling the temperature of the combustor involves

pre-mixing fuel and air to create a fuel-air mixture prior to combustion. This
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approach may include the axial staging of fuel injectors where a first fuel-air mixture
is injected and ignited at a first or primary combustion zone of the combustor to
produce a main flow of high energy combustion gases, and where a second fuel-air
mixture is injected into and mixed with the main flow of high energy combustion
gases via a plurality of radially oriented and circumferentially spaced fuel injectors or
axially staged fuel injector assemblies positioned downstream from the primary
combustion zone. The injection of the second fuel-air mixture into the secondary
combustion zone is sometimes referred to as a “jet-in-crossflow” arrangement.
[0006] Axially staged injection increases the likelihood of complete combustion
of available fuel, which in turn reduces the air polluting emissions. However, with
conventional axially staged fuel injection combustion systems, there are various
challenges with balancing air flow to the various combustor components for cooling,
to the head end of the combustor for the first fuel-air mixture, and/or to the axially
staged fuel injectors for the second fuel-air mixture, while maintaining emissions
compliance over the full range of operation of the gas turbine. Therefore, an
improved gas turbine combustion system which includes axially staged fuel injection

would be useful in the industry.

BRIEF DESCRIPTION OF THE TECHNOLOGY
[0007] Aspects and advantages are set forth below in the following description, or
may be obvious from the description, or may be learned through practice.
[0008] Various embodiments of the present disclosure are directed to a segmented
annular combustion system having a plurality of annularly arranged integrated
combustor nozzles, where each integrated combustor nozzle is fluidly coupled to at
least one fuel injection module, which includes a fuel nozzle portion and a plurality of
fuel injection lances. Each integrated combustor nozzle includes an inner liner
segment, an outer liner segment, and one or more fuel injection panels that extend
between the inner liner segment and the outer liner segment. Each fuel injection
panel is provided with a plurality of premixing channels therein, which receive fuel
from the plurality of fuel injection lances. The fuel nozzle portion introduces a first
fuel-air mixture to a primary combustion zone, and the fuel injection panel introduces

a second fuel-air mixture into a secondary combustion zone axially downstream of the



WO 2017/165611 PCT/US2017/023751

first combustion zone. The arrangement of the integrated combustor nozzles and fuel
injection modules defines an annular array of primary combustion zones and
secondary combustion zones.

[0009] In at least one embodiment, a downstream end portion of each fuel
injection panel transitions into a turbine nozzle or airfoil that is seamlessly integrated
with the fuel injection panel. As such, each fuel injection panel may be considered an
airfoil without a leading edge. In particular embodiments, the turbine nozzle is at
least partially wrapped or sheathed by a thermal shield or cover. In particular
embodiments, a portion of the turbine nozzle and/or the shield may be formed from a
ceramic matrix composite material.

[0010] Each fuel injection lance feeds or extends into a corresponding premixing
channel defined within a respective fuel injection panel, and the premixing channels
may be described as pressure side premixing channels or suction side premixing
channels based on the location of their outlets. In one embodiment, the fuel injection
panel has outlets located along a single side (pressure side or suction side). The
outlets may be located in one or more axial planes, regardless of whether the outlets
are located on one or both of the pressure side and the suction side. The outlets on the
pressure side may be located in a different axial plane from the outlets on the suction
side.

[0011] Each fuel injection lance or at least some of the fuel injection lances
provide a fuel through one of the corresponding pressure side premixing channels or
one of the suction side premixing channels. A forward or upstream end portion of
each fuel injection panel includes a number of annular collars or seatings formed
and/or sized to receive a respective fuel injection lance. Each collar may be supported
by a number of struts. The struts may be spaced about a respective collar so as to
allow air to flow around the fuel injection lance and into the corresponding pressure
side premixing channel or the corresponding suction side premixing channel.

[0012] In particular embodiments, the pressure side premixing channels and/or the
suction side premixing channels may have a long, straight portion and a curved
portion defined proximate to a respective pressure side injection outlet or a suction
side injection outlet. In particular embodiments, every other premixing channel is

curved to direct flow from a first side (e.g., a pressure side) of the fuel injection panel,
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while the remaining premixing channels are curved to direct flow from the opposite
side (e.g., a suction side) of the fuel injection panel. In particular embodiments, the
pressure side premixing channels and the suction side premixing channels may be
made integrally with the pressure side wall and the suction side wall of the fuel
injection panel. In particular embodiments, the pressure side premixing channels
and/or the suction side premixing channels may traverse radially inwardly or radially
outwardly, between the pressure side wall and the suction side wall rather than along
an axial or longitudinal plane of the corresponding fuel injection panel. In particular
embodiments, all of the premixing channels may include a curved portion that curves
in the same direction (i.e., toward the pressure side or the suction side), such that all
of the fuel-air introduction by the fuel injection panel occurs on a single side of the
fuel injection panel.

[0013] In particular embodiments, pressure side injection outlets and/or suction
side injection outlets are set at different axial distances from either a forward end of
the integrated combustor nozzle or an aft end of the integrated combustor nozzle. In
particular embodiments, the pressure side premixing channels and/or the suction side
premixing channels may be set or formed at different angles between the pressure side
wall and the suction side wall. In particular embodiments, the injection outlets on the
pressure side and/or the suction side may be arranged in one or more axial planes (i.e.,
on a given side, at least one outlet may be axially off-set from a radially adjacent
outlet). In particular embodiments, the pressure side premixing channels and/or the
suction side premixing channels may be formed with similar or dissimilar sizes and/or
geometries. In particular embodiments, the pressure side premixing channels and/or
the suction side premixing channels may be sized to control air flow split.

[0014] In particular embodiments, a pressure side wall thickness and/or a suction
side wall thickness of each or some of the fuel injection panels may vary along the
axial or longitudinal length and/or the radial span of the respective fuel injection
panel.

[0015] In particular embodiments, the overall panel thickness may vary along the
axial length and/or the radial span of the respective fuel injection panel. Variations in
the panel thickness may provide advantages such as control of combustion

velocities/residence time, adequate penetration of the secondary fuel jets into the flow
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of combustion products, and overall cooling effectiveness. In particular
embodiments, each or at least some of integrated combustor nozzles may also include
openings for permitting cross-fire between circumferentially adjacent integrated
combustor nozzles. The cross-fire segments may be provided with air passages that
create resonator features as well.

[0016] Those of ordinary skill in the art will better appreciate the features and

aspects of such embodiments, and others, upon review of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] A full and enabling disclosure of the various embodiments, including the
best mode known at the time of filing, is set forth more particularly in the remainder
of the specification, including reference to the accompanying figures, in which:
[0018] FIG. 1 is a functional block diagram of an exemplary gas turbine that may
incorporate various embodiments of the present disclosure;
[0019] FIG. 2 is an upstream view of an exemplary combustion section of a gas
turbine, according to at least one embodiment of the present disclosure;
[0020] FIG. 3 is a partially exploded perspective view of a pressure side of a
portion of an exemplary segmented annular combustion system, according to at least
one embodiment of the present disclosure;
[0021] FIG. 4 is a partially exploded perspective view of a suction side of a
portion of an exemplary segmented annular combustion system, according to at least
one embodiment of the present disclosure;
[0022] FIG. 5 is a cross-sectioned view of a pressure side of an exemplary
combustor nozzle and a corresponding fuel injection module, according to at least one
embodiment of the present disclosure;
[0023] FIG. 6 provides a cross-sectioned perspective view of the combustor
nozzle, as taken along line 6-6 of FIG. 5, according to one embodiment of the present
disclosure;
[0024] FIG. 7 provides a cross-sectioned perspective view of the combustor
nozzle, as taken along line 7-7 of FIG. 5, according to one embodiment of the present

disclosure;
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[0025] FIG. 8 provides a cross-sectioned view of the combustor nozzle, as taken
along line 8-8 of FIG. 5, according to at least one embodiment;

[0026] FIG. 9 provides a cross-sectioned downstream perspective view of an
exemplary combustor nozzle, according to at least one embodiment of the present
disclosure;

[0027] FIG. 10 provides an enlarged view of a portion of an exemplary fuel
injection panel as shown in FIG. 9, according to at least one embodiment of the
present disclosure;

[0028] FIG. 11 provides an overhead (top down) cross-sectioned view of a portion
of an exemplary fuel injection panel with an exemplary fuel injection lance, according
to at least one embodiment of the present disclosure;

[0029] FIG. 12 provides an overhead (top down) cross-sectioned view of a portion
of an exemplary fuel injection panel with a pair of exemplary fuel injection lances,
according to another embodiment of the present disclosure;

[0030] FIG. 13 provides a downstream perspective view of an exemplary fuel
injection module inserted into a portion of an exemplary combustor nozzle, according
to one embodiment of the present disclosure;

[0031] FIG. 14 provides an upstream perspective view of the fuel injection
module as shown in FIG. 13, according to one embodiment of the present disclosure;
[0032] FIG. 15 provides an upstream perspective view of the fuel injection
module, according to another embodiment of the present disclosure;

[0033] FIG. 16 provides an upstream perspective view of an alternate fuel
injection module, according to another embodiment of the present disclosure;

[0034] FIG. 17 provides a downstream perspective view of three fuel injection
modules (as shown in FIG. 15) mounted to three circumferentially adjacent combustor
nozzles, according to one embodiment of the present disclosure;

[0035] FIG. 18 provides a cross-sectioned top view of a portion of the integrated
combustor nozzle, which includes a portion of a fuel injection panel and a fuel
injection module as shown in FIG. 17, according to at least one embodiment of the

present disclosure;
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[0036] FIG. 19 provides a cross-sectioned side view of the embodiment of the
fuel injection module illustrated in FIG. 15, as installed into an exemplary combustor
nozzle, according to one embodiment of the present disclosure;

[0037] FIG. 20 provides a downstream perspective view of a portion of an
exemplary segmented annular combustion system including a pair of
circumferentially adjacent combustor nozzles and a pair of radially mounted fuel
injection modules, according to at least one embodiment of the present disclosure;
[0038] FIG. 21 provides a perspective view of a portion of a cross-fire tube, as
shown incorporated in the combustor nozzle of FIG. 20;

[0039] FIG. 22 provides a downstream perspective view of an exemplary fuel
injection module, according to at least one embodiment of the present disclosure;
[0040] FIG. 23 provides a cross-sectioned side view of an exemplary fuel
injection module configured for both gas fuel and liquid fuel operation, according to
at least one embodiment of the present disclosure;

[0041] FIG. 24 provides a cross-sectioned view of a portion of the fuel injection
module shown in FIG. 23, according to one embodiment of the present disclosure;
[0042] FIG. 25 provides a top down cross-sectioned view of a portion of an
exemplary fuel injection panel shown in FIG. 17 with an exemplary fuel injection
lance, according to at least one embodiment of the present disclosure;

[0043] FIG. 26 provides a bottom side perspective view of an exemplary
combustor nozzle, according to at least one embodiment of the present disclosure;
[0044] FIG. 27 provides an exploded perspective view of an exemplary
combustor nozzle, according to at least one embodiment of the present disclosure;
[0045] FIG. 28 provides a top view of three assembled exemplary combustor
nozzles, as shown in exploded view in FIG. 27, according to at least one embodiment
of the present disclosure;

[0046] FIG. 29 provides an assembled bottom view of the combustor nozzle as
shown in exploded view in FIG. 27, according to at least one embodiment of the
present disclosure;

[0047] FIG. 30 provides an enlarged view of a first (radially outer) portion of the
exemplary combustor nozzle as shown in FIG. 29, according to at least one

embodiment of the present disclosure;
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[0048] FIG. 31 provides an enlarged view of a second (radially inner) portion of
the exemplary combustor nozzle as shown in FIG. 29, according to at least one
embodiment of the present disclosure;

[0049] FIG. 32 provides a portion of either an inner liner segment or an outer liner
segment of a combustor nozzle, according to at least one embodiment of the present
disclosure;

[0050] FIG. 33 provides a portion of either an inner liner segment or an outer liner
segment of a combustor nozzle, according to at least one embodiment of the present
disclosure;

[0051] FIG. 34 provides a suction side perspective view of a portion of an
exemplary segmented annular combustion system, according to at least one
embodiment of the present disclosure;

[0052] FIG. 35 provides a bottom perspective view of a portion of the combustor
nozzle as shown in FIG. 34, according to one embodiment of the present disclosure;
[0053] FIG. 36 provides a cross-sectioned side view of an exemplary combustor
nozzle mounted within the segmented annular combustion system, according to one
embodiment of the present disclosure;

[0054] FIG. 37 provides a perspective view of a pair of circumferentially adjacent
double bellows seals, according to at least one embodiment of the present disclosure;
[0055] FIG. 38 provides a pressure side perspective view of an exemplary
combustor nozzle, according to one embodiment of the present disclosure;

[0056] FIG. 39 provides a cross-sectioned perspective view of a portion of the
combustor nozzle as shown in FIG. 38, according to one embodiment of the present
disclosure;

[0057] FIG. 40 provides a perspective view of a portion of a segmented annular
combustion system, according to one embodiment of the present disclosure;

[0058] FIG. 41 provides a cross-sectioned side view of the portion of the
segmented annular combustion system shown in FIG. 40, according to one
embodiment of the present disclosure; and

[0059] FIG. 42 provides a cross-sectioned downstream perspective view of an
exemplary tenon mounted within a tenon mount, according to at least one

embodiment of the present disclosure.
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DETAILED DESCRIPTION
[0060] Reference will now be made in detail to various embodiments of the
present disclosure, one or more examples of which are illustrated in the
accompanying drawings. The detailed description uses numerical and letter
designations to refer to features in the drawings. Like or similar designations in the
drawings and description have been used to refer to like or similar parts of the
disclosure.
[0061] As used herein, the terms “first”, “second”, and “third” may be used
interchangeably to distinguish one component from another and are not intended to
signify location or importance of the individual components. The terms “upstream”
and “downstream” refer to the relative direction with respect to fluid flow in a fluid
pathway. For example, “upstream” refers to the direction from which the fluid flows,
and “downstream” refers to the direction to which the fluid flows. The term
“radially” refers to the relative direction that is substantially perpendicular to an axial
centerline of a particular component, the term “axially” refers to the relative direction
that is substantially parallel and/or coaxially aligned to an axial centerline of a
particular component, and the term “circumferentially” refers to the relative direction
that extends around the axial centerline of a particular component.
[0062] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof.
[0063] Each example is provided by way of explanation, not limitation. In fact, it
will be apparent to those skilled in the art that modifications and variations can be
made without departing from the scope or spirit thereof. For instance, features
illustrated or described as part of one embodiment may be used on another

embodiment to yield a still further embodiment. Thus, it is intended that the present
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disclosure covers such modifications and variations as come within the scope of the
appended claims and their equivalents.

[0064] Although exemplary embodiments of the present disclosure will be
described generally in the context of a segmented annular combustion system for a
land-based power-generating gas turbine for purposes of illustration, one of ordinary
skill in the art will readily appreciate that embodiments of the present disclosure may
be applied to any type of combustor for a turbomachine and are not limited to annular
combustion systems for land-based power-generating gas turbines unless specifically
recited in the claims.

[0065] Referring now to the drawings, FIG. 1 illustrates a schematic diagram of
an exemplary gas turbine 10. The gas turbine 10 generally includes an inlet section
12, a compressor 14 disposed downstream of the inlet section 12, a combustion
section 16 disposed downstream of the compressor 14, a turbine 18 disposed
downstream of the combustion section 16, and an exhaust section 20 disposed
downstream of the turbine 18. Additionally, the gas turbine 10 may include one or
more shafts 22 that couple the compressor 14 to the turbine 18.

[0066] During operation, air 24 flows through the inlet section 12 and into the
compressor 14 where the air 24 is progressively compressed, thus providing
compressed air 26 to the combustion section 16. At least a portion of the compressed
air 26 1s mixed with a fuel 28 within the combustion section 16 and burned to produce
combustion gases 30. The combustion gases 30 flow from the combustion section 16
into the turbine 18, wherein energy (kinetic and/or thermal) is transferred from the
combustion gases 30 to rotor blades (not shown), thus causing shaft 22 to rotate. The
mechanical rotational energy may then be used for various purposes, such as to power
the compressor 14 and/or to generate electricity. The combustion gases 30 exiting the
turbine 18 may then be exhausted from the gas turbine 10 via the exhaust section 20.
[0067] FIG. 2 provides an upstream view of the combustion section 16, according
to various embodiments of the present disclosure. As shown in FIG. 2, the
combustion section 16 may be at least partially surrounded by an outer or compressor
discharge casing 32. The compressor discharge casing 32 may at least partially define
a high pressure plenum 34 that at least partially surrounds various components of the

combustor 16. The high pressure plenum 34 may be in fluid communication with the
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compressor 14 (FIG. 1) so as to receive the compressed air 26 therefrom. In various
embodiments, as shown in FIG. 2, the combustion section 16 includes a segmented
annular combustion system 36 that includes a number of integrated combustor nozzles
100 arranged circumferentially around an axial centerline 38 of the gas turbine 10,
which may be coincident with the gas turbine shaft 22.

[0068] FIG. 3 provides a partially exploded perspective view of a portion of the
segmented annular combustion system 36, as viewed from a first side, according to at
least one embodiment of the present disclosure. FIG. 4 provides a partially exploded
perspective view of a portion of the segmented annular combustion system 36, as
viewed from a second side, according to at least one embodiment of the present
disclosure. As shown collectively in FIGS. 2, 3 and 4, the segmented annular
combustion system 36 includes a plurality of integrated combustor nozzles 100. As
described further herein, each combustor nozzle 100 includes a first side wall and a
second side wall. In particular embodiments, the first side wall is a pressure side wall,
while the second side wall is a suction side wall, based on the integration of the side
walls with corresponding pressure and suction sides of a downstream turbine nozzle
120. It should be understood that any references made herein to pressure side walls
and suction side walls are representative of particular embodiments, such references
being made to facilitate discussion, and that such references are not intended to limit
the scope of any embodiment, unless specific context dictates otherwise.

[0069] As shown collectively in FIGS. 3 and 4, each circumferentially adjacent
pair of combustor nozzles 100 defines a respective primary combustion zone 102 and
a respective secondary combustion zone 104 therebetween, thereby forming an
annular array of primary combustion zones 102 and secondary combustion zones 104.
The primary combustion zones 102 and the secondary combustion zones 104 are
circumferentially separated, or fluidly isolated, from adjacent primary combustion
zones 102 and secondary combustion zones 104, respectively, by the fuel injection
panels 110.

[0070] As shown collectively in FIGS. 3 and 4, each combustor nozzle 100
includes an inner liner segment 106, an outer liner segment 108, and a hollow or
semi-hollow fuel injection panel 110 that extends between the inner liner segment 106

and the outer liner segment 108. It is contemplated that more than one (e.g., 2, 3, 4,
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or more) fuel injection panels 110 may be positioned between the inner liner segment
106 and the outer liner segment 108, thereby reducing the number of joints between
adjacent liner segments that require sealing. For ease of discussion herein, reference
will be made to integrated combustor nozzles 100 having a single fuel injection panel
110 between respective inner and outer liner segments 106, 108, although a 2:1 ratio
of liner segments to fuel injection panels is not required. As shown in FIGS. 3 and 4,
each fuel injection panel 110 includes forward or upstream end portion 112, an aft or
downstream end portion 114, a first (pressure) side wall 116 (FIG. 3) and a second
(suction) side wall 118 (FIG. 4).

[0071] The segmented annular combustion system 36 further includes a plurality
of annularly arranged fuel injection modules 300, shown in FIGS. 3 and 4 exploded
away from the combustor nozzle 100. Each fuel injection module 300 includes a fuel
nozzle portion 302 (shown as a bundled tube fuel nozzle) and a plurality of fuel
injection lances 304, which are configured for installation in the forward end portion
112 of a respective fuel injection panel 110. For purposes of illustration herein, the
fuel nozzle portion 302 may be referred to as a “bundled tube fuel nozzle” or
“bundled tube fuel nozzle portion.” However, the fuel nozzle portion 302 may include
or comprise any type of fuel nozzle or burner (such as a swirling fuel nozzle or
swozzle), and the claims should be not limited to bundled tube fuel nozzle unless
specifically recited as such.

[0072] Each fuel injection module 300 may extend at least partially
circumferentially between two circumferentially adjacent fuel injection panels 110
and/or at least partially radially between a respective inner liner segment 106 and
outer liner segment 108 of the respective combustor nozzle 100. During axially
staged fuel injection operation, the bundled tube fuel nozzle portion 302 provides a
stream of premixed fuel and air (that is, a first combustible mixture) to the respective
primary combustion zone 102, while the fuel injection lances 304 provide fuel (as part
of a second combustible mixture) to the respective secondary combustion zone 104
via a plurality of pressure side and/or suction side premixing channels described in
detail below.

[0073] In at least one embodiment, as shown in FIGS. 3 and 4, the downstream

end portion 114 of one or more of the fuel injection panels 110 transitions into a
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generally airfoil-shaped turbine nozzle 120, which directs and accelerates the flow of
combustion products toward the turbine blades. Thus, the downstream end portion
114 of each fuel injection panel 110 may be considered an airfoil without a leading
edge. When the integrated combustor nozzles 100 are mounted within the
combustion section 16, the turbine nozzle 120 may be positioned immediately
upstream from a stage of turbine rotor blades of the turbine 18.

[0074] As used herein, the term “integrated combustor nozzle” refers to a
seamless structure that includes the fuel injection panel 110, the turbine nozzle 120
downstream of the fuel injection panel, the inner liner segment 106 extending from
the forward end 112 of the fuel injection panel 110 to the aft end 114 (embodied by
the turbine nozzle 120), and the outer liner segment 108 extending from the forward
end 112 of the fuel injection panel 110 to the aft end 114 (embodied by the turbine
nozzle 120). In at least one embodiment, the turbine nozzle 120 of the integrated
combustor nozzle 100 functions as a first-stage turbine nozzle and is positioned
upstream from a first stage of turbine rotor blades.

[0075] As described above, one or more of the integrated combustor nozzles 100
is formed as an integral, or unitary, structure or body that includes the inner liner
segment 106, the outer liner segment 108, the fuel injection panel 110, and the turbine
nozzle 120. The integrated combustor nozzle 100 may be made as an integrated or
seamless component, via casting, additive manufacturing (such as 3D printing), or
other manufacturing techniques. By forming the combustor nozzle 100 as a unitary or
integrated component, the need for seals between the various features of the
combustor nozzle 100 may be reduced or eliminated, part count and costs may be
reduced, and assembly steps may be simplified or eliminated. In other embodiments,
the combustor nozzle 100 may be fabricated, such as by welding, or may be formed
from different manufacturing techniques, where components made with one technique
are joined to components made by the same or another technique.

[0076] In particular embodiments, at least a portion or all of each integrated
combustor nozzle 100 may be formed from a ceramic matrix composite (CMC) or
other composite material. In other embodiments, a portion or all of each integrated
combustor nozzle 100 and, more specifically, the turbine nozzle 120 or its trailing

edge, may be made from a material that is highly resistant to oxidation (coated with a
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thermal barrier coating) or may be coated with a material that is highly resistant to
oxidation.

[0077] In another embodiment (not shown), at least one of the fuel injection
panels 110 may taper to a trailing edge that is aligned with a longitudinal (axial) axis
of the fuel injection panel 110. That is, the fuel injection panel 110 may not be
integrated with a turbine nozzle 120. In these embodiments, it may be desirable to
have an uneven count of fuel injection panels 110 and turbine nozzles 120. The
tapered fuel injection panels 110 (i.e., those without integrated turbine nozzles 120)
may be used in an alternating or some other pattern with fuel injection panels 110
having integrated turbine nozzles 120 (i.e., integrated combustor nozzles 100).
[0078] Returning again to FIGS. 3 and 4, in some embodiments, an axial joint or
split line 122 may be formed between the inner liner segments 106 and the outer liner
segments 108 of circumferentially adjacent integrated combustor nozzles 100. The
split line 122 may be oriented along a circumferential center of the respective primary
combustion zone 102 and the secondary combustion zone 104 formed between each
pair of adjacent integrated combustor nozzles 100 or at some other location. In one
embodiment, one or more seals (such as spline-type) seals may be disposed along
each joint 122, which includes recessed seal-receiving areas (not shown) in one or
both of the respective adjacent edges of the liner segment 106 or 108. A separate
spline-type seal may be used between each circumferentially adjacent turbine nozzle
120 of adjacent integrated combustor nozzles 100. In other embodiments (not
shown), the liner segments 106, 108 may extend circumferentially across multiple
integrated combustor nozzles 100, in which case fewer seals per combustion system
36 are needed, and some subset of combustion zones 102, 104 may have surrounding
split lines 122 and seals.

[0079] FIG. 5 provides a cross-sectioned view of a pressure side 116 of an
exemplary integrated combustor nozzle 100 at least partially assembled, according to
at least one embodiment of the present disclosure. In particular embodiments, as
shown collectively in FIGS. 3, 4 and 5, the turbine nozzle 120 portion or a portion of
the downstream end portion 114 of one or more of the fuel injection panels 110 may
be at least partially covered or sheathed by a corresponding shield 124. FIGS. 3 and 4

provide views with one shield 124 separated from a corresponding turbine nozzle
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portion 120 of the fuel injection panel 110 and two additional shields 124 installed on
circumferentially adjacent turbine nozzles 120. The shields 124 may be formed from
any material suitable for the high temperature operating environment of the integrated
combustor nozzles 100. For example, in one or more embodiments one or more of
the shields 124 may be formed from a CMC or other material that is highly resistant
to oxidation. In some instances, the shield 124 may be coated with a thermal barrier
coating.

[0080] In particular embodiments, as shown in FIGS. 3, 4 and 5, a portion of the
inner liner segment 106 proximate to the downstream end portion 114 of the fuel
injection panel 110 may be formed to allow the shield 124 to slide over the turbine
nozzle 120. An inner hook plate 228, which is mounted to the inner liner segment
106, may be used to to secure the shield 124 in place.

[0081] In various embodiments, as shown in FIG. 3, each fuel injection panel 110
may include a plurality of radially spaced pressure side injection outlets 126 defined
along the pressure side wall 116. As shown in FIG. 4, each fuel injection panel 110
may include a plurality of radially spaced suction side injection outlets 128 defined
along the suction side wall 118. Each respective primary combustion zone 102 is
defined upstream from the corresponding pressure side injection outlets 126 and/or
suction side injection outlets 128 of a pair of circumferentially adjacent integrated
combustor nozzles 100. Each secondary combustion zone 104 is defined downstream
from the corresponding pressure side injection outlets 126 and/or suction side
injection outlets 128 of the pair of circumferentially adjacent integrated combustor
nozzles 100.

[0082] As shown in FIGS. 3, 4, and 5 collectively, the pressure side injection
outlets 126 and the suction side injection outlets 128 of two circumferentially adjacent
fuel injection panels 110 define respective injection plane(s) 130, 131 from which a
second fuel and air mixture is injected into a flow of combustion gases originating
from the respective primary combustion zone 102. In particular embodiments, the
pressure side injection plane 130 and the suction side injection plane 131 may be
defined or axially staged at the same axial distance from the downstream end portion
114 of the fuel injection panel 110. In other embodiments, the pressure side injection

plane 130 and the suction side injection plane 131 may be defined or axially staged at
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different axial distances from the downstream end portion 114 of the fuel injection
panel 110.

[0083] Although FIGS. 3 and 5 illustrate the plurality of pressure side injection
outlets 126 as residing in a common radial or injection plane 130 with respect to an
axial centerline of the integrated combustor nozzle 100 or at a common axial distance
from the downstream end portion 114 of the fuel injection panel 110, in particular
embodiments, one or more of the pressure side injection outlets 126 may be staggered
axially with respect to radially adjacent pressure side injection outlets 126, thereby
off-setting the axial distances of the pressure side injection outlets 126 to the
downstream end portion 114 for particular pressure side injection outlets 126.
Similarly, although FIG. 4 illustrates the plurality of suction side injection outlets 128
in a common radial or injection plane 131 or at a common axial distance from the
downstream end portion 114 of the fuel injection panel 110, in particular
embodiments, one or more of the suction side injection outlets 128 may be staggered
axially with respect to radially adjacent suction side injection outlets 128, thereby off-
setting the axial distances of the pressure side injection outlets 128 to the downstream
end portion 114 for particular suction side injection outlets 128.

[0084] Further, while the injection outlets 126, 128 are illustrated as having a
uniform size (i.e., cross-sectional area), it is contemplated that it may be desirable, in
some circumstances, to employ different sized injection outlets 126, 128 in different
areas of the fuel injection panel 110. For instance, injection outlets 126, 128 having a
larger diameter may be used in the radial central portion of the fuel injection panel
110, while injection outlets 126, 128 having a smaller diameter may be used in areas
proximate the inner liner segment 106 and outer liner segment 108. Likewise, it may
be desirable to have injection outlets 126 or 128 on a given side wall 116 or 118 be of
a size different from the injection outlets 128 or 126 of the opposite side wall 118 or
116.

[0085] As mentioned above, in at least one embodiment, it may be desirable to
have the secondary fuel-air introduction occur from a single side (e.g., the pressure
side wall 116 or the suction side wall 118) of the fuel injection panel 110. Thus, each
fuel injection panel 110 may be provided with only a single set of premixing channels

having outlets on a common side wall (116 or 118). Moreover, each fuel injection
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panel 110 may be provided with two (or more) subsets of premixing channels on a
single side wall, which are fueled separately by respective subsets of fuel injection
lances 304, with fuel to each subset of lances 304 being independently activated,
reduced, or deactivated. In other embodiments, each fuel injection panel 110 may be
provided with two (or more) subsets of premixing channels having outlets on both
side walls (116 and 118), which are fueled separately by respective subsets of fuel
injection lances 304 (as shown in FIG. 13), with fuel to each subset of lances 304
being independently activated, reduced, or deactivated.

[0086] FIGS. 6, 7 and 8 provide cross-sectioned views of the combustor nozzle
100 shown in FIG. 5, as taken along cross-sectional line 6-6, cross-sectional line 7-7,
and cross-sectional line 8-8, respectively.

[0087] As shown collectively in FIGS. 6 and 7, each fuel injection panel 110
includes a plurality of premixing channels that have outlets on a side of the fuel
injection panel 110. In one instance, pressure side premixing channels 132 (FIG. 6)
are those channels having outlets 126 on the pressure side 116, while suction side
premixing channels 134 (FIG. 7) are those channels having outlets 128 on the
pressure side 118. Each pressure side premixing channel 132 is in fluid
communication with a respective pressure side injection outlet 126. Each suction side
premixing channel 134 is in fluid communication with a respective suction side
injection outlet 128. In at least one embodiment, as shown in FIG. 6, the pressure side
premixing channels 132 are defined within the fuel injection panel 110 between the
pressure side wall 116 and the suction side wall 118. In at least one embodiment, as
shown in FIG. 7, the suction side premixing channels 134 are defined within the fuel
injection panel 110 between the pressure side wall 116 and the suction side wall 118.
[0088] As mentioned above, it is contemplated that the fuel injection panel 110
may have premixing channels (132 or 134) that terminate in outlets located along a
single side (either the pressure side wall 116 or the suction side wall 118,
respectively). Thus, while reference is made herein to embodiments having outlets
126, 128 on both the pressure side wall 116 and the suction side wall 118, it should be
understood that there is no requirement that both the pressure side wall 116 and the
suction side wall 118 have outlets 126, 128 for delivering a fuel-air mixture unless

recited in the claims.
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[0089] In particular embodiments, as shown in FIGS. 6 and 7, a wall thickness T
of either or both of the pressure side wall 116 and the suction side wall 118 of the fuel
injection panel 110 may vary along the axial (or longitudinal) length and/or along a
radial span of the fuel injection panel 110. For example, the wall thickness T of either
or both of the pressure side wall 116 and the suction side wall 118 of the fuel injection
panel 110 may vary between the upstream end portion 112 and the downstream end
portion 114 and/or between the inner liner segment 106 and the outer liner segment
108 (FIG. 5).

[0090] In particular embodiments, as illustrated in FIG. 6, an overall injection
panel thickness PT may vary along the axial (or longitudinal) length and/or along a
radial span of the fuel injection panel 110. For example, the pressure side wall 116
and/or the suction side wall 118 may include a concave portion that bulges outwardly
towards and/or into the flow of combustion gases flowing between two
circumferentially adjacent integrated combustor nozzles 100. The bulge or variation
in overall injection panel thickness PT may occur at any point along the radial span
and/or the axial length of the respective pressure side wall 116 or the suction side wall
118. Panel thickness PT or the position of the bulge may vary along the axial length
and/or the radial span of the pressure side wall 116 or the suction side wall 118 to
tailor the local areas to achieve a certain target velocity and residence time profile
without requiring a change in wall thickness T. It is not required that the bulge area
be symmetrical on both the pressure side wall 116 and the suction side wall 118 of a
given fuel injection panel 110.

[0091] In particular embodiments, as shown in FIG. 6, one or more of the pressure
side premixing channels 132 may have a generally straight or linear portion 136
extending along a longitudinal axis of the fuel injection panel 110 and a generally
curved portion 138 defined just upstream from the respective pressure side injection
outlet 126. In particular embodiments, as shown in FIG. 7, one or more of the suction
side premixing channels 134 may have a generally straight portion 140 extending
along the longitudinal axis of the fuel injection panel 110 and a curved portion 142
defined just upstream from the corresponding suction side injection outlet 128. The
curved portions 138, 142 may include an inner radius (toward the upstream end 112

of the fuel injection panel 110) and an outer radius (toward the downstream end 114
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of the fuel injection panel 110). In at least one embodiment, as shown in FIG. 8, the
pressure side premixing channels 132 may be spaced radially apart or separated by
corresponding suction side premixing channels 134.

[0092] In particular embodiments, as shown in FIGS. 6 and 7, the pressure side
premixing channels 132 and/or the suction side premixing channels 134 may traverse
or wind between the pressure side wall 116 and the suction side wall 118 of the fuel
injection panel 110. In one embodiment, the pressure side premixing channels 132
and/or the suction side premixing channels 134 may traverse radially inwardly and/or
outwardly between the pressure side wall 116 and the suction side wall 118 rather
than along a straight or constant axial (or longitudinal) plane of the fuel injection
panel 110. The pressure side premixing channels 132 and/or the suction side
premixing channels 134 may be oriented at different angles within the fuel injection
panel 110. In particular embodiments, one or more of the pressure side premixing
channels 132 and/or the suction side premixing channels 134 may be formed with
varying sizes and/or geometries. In particular embodiments, one or more of the
premixing channels 132, 134 may include a mixing-enhancing feature therein, such as
a bend, a kink, a twist, a helical portion, a turbulator, or the like.

[0093] As shown in FIGS. 6, 7 and 8 collectively, fuel injection lances 304 from a
respective fuel injection module 300 extend through a premix air plenum 144 defined
within the fuel injection panel 110 and specifically defined between the pressure side
wall 116 and the suction side wall 118 (FIGS. 6 and 7) proximate to the upstream end
portion 112 of the fuel injection panel 110. A downstream end portion 306 of each
fuel injection lance 304 extends at least partially into and is in fluid communication
with a respective pressure side premixing channel 132 or a respective suction side
premixing channel 134 of the respective fuel injection panel 110. Again, it is not
required that both premixing channels 132, 134 be present. Rather, only one set of
premixing channels 132 or 134 may be used.

[0094] FIG. 9 provides a cross-sectioned downstream perspective view of an
exemplary integrated combustor nozzle 100 of the plurality of integrated combustor
nozzles 100 with a portion of the premix air plenum 144 cut away, according to at

least one embodiment of the present disclosure. FIG. 10 provides an enlarged view of
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a portion of the fuel injection panel 110 as shown in FIG. 9, according to at least one
embodiment of the present disclosure.

[0095] In at least one embodiment, as shown in FIGS. 9 and 10 collectively, each
fuel injection panel 110 includes a plurality of radially spaced annular collars or seats
146 for directing the fuel injection lances 304 into the premixing channels 132, 134.
Each collar 146 defines a central opening 151 and is supported by a plurality of struts
148. Each collar 146 may include a tapered or diverging portion 150 circumscribing
the central opening 151 to assist with inserting or aligning a corresponding fuel
injection lance 304 into the central opening 151. The struts 148 may be spaced about
the respective collars 146 to define flow passages 152 around the respective collars
146 and into a corresponding premixing channel 132 or 134. The flow passages 152
provide for fluid communication between the premix air plenum 144 and the pressure
side and suction side premixing channels 132, 134. As shown in FIGS. 6, 7 and 8, the
collars 146 may be sized to receive and/or to support at least a portion (such as the
downstream end portions 306) of the fuel injection lances 304.

[0096] FIG. 11 provides an overhead (top down) cross-sectioned view of a portion
of an exemplary fuel injection panel 110 with an exemplary fuel injection lance 304
inserted therein, according to at least one embodiment. In particular embodiments, as
shown in FIG. 11, the downstream end portion 306 of one or more of the fuel
injection lances 304 includes a dispensing tip 308. The dispensing tip 308 may be
conical, converging, or tapered to facilitate installation through a respective collar 146
of the respective fuel injection panel 110 (as discussed above) and may extend at least
partially into a respective pressure side premixing channel 132 or a respective suction
side premixing channel 134. The dispensing tip 308 may include one or more
injection ports 310, which are in fluid communication with an injector fuel plenum
336 (discussed further below).

[0097] In particular embodiments, as shown in FIG. 11, one or more of the fuel
injection lances 304 includes a bellows portion or cover 312. The bellows portion
312 may allow for relative thermal growth or movement, in a generally axial
direction, between the fuel injection panel 110 and the injection lances 304 during
operation of the segmented annular combustion system 36. In particular

embodiments, as shown in FIG. 11, the fuel injection panel 110 may include a
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plurality of floating collars 154 disposed proximate to or coupled to the upstream end
portion 112 of the fuel injection panel 110. The floating collars 154 may allow for
radial and/or axial movement between the integrated combustor nozzle 100
(particularly the fuel injection panel 110) and the fuel injection module 300.

[0098] As shown in FIGS. 8 through 11, the premixing channels 132, 134 are
arranged in a common radial plane spaced between the pressure side wall 116 and the
suction side wall 118 of the fuel injection panel 110. Alternately, as shown in FIG.
12, the pressure side premixing channels 132 and/or the suction side premixing
channels 134 may be formed integrally with the suction side wall 118 and/or pressure
side wall 116 of the fuel injection panel 110 with outlets on opposite sides of the fuel
injection panel 110 or with outlets on the same side of the fuel injection panel 110. In
this embodiment, the fuel injection lances 304 may be circumferentially separated into
a first subset of pressure side fuel injection lances and a second subset of suction side
fuel injection lances, so that the fuel injection lances 304 align with the inlets of
corresponding premixing channels 132, 134. The first subset of fuel injection lances
304 and the second subset of fuel injection lances 304 may be fueled by one or more
injector fuel plenums 336.

[0099] FIG. 13 provides a downstream perspective view of an exemplary fuel
injection module 300 inserted into a portion of an exemplary integrated combustor
nozzle 100, according to one embodiment. FIG. 14 provides an upstream perspective
view of the fuel injection module 300, as shown in FIG. 13. In various embodiments,
as shown in FIGS. 13 and 14 collectively, the fuel injection module 300 includes a
bundled tube fuel nozzle portion 302 having a housing body 314. The housing body
314 may include a forward (or upstream) plate or face 316, an aft (or downstream)
plate or face 318, an outer perimeter wall 320 that extends axially from the forward
plate 316 to the aft plate 318, and a plurality of tubes 322 that extend axially through
the forward plate 316 and the aft plate 318 within the outer perimeter wall 320. In
particular embodiments, a seal 324 (such as a floating collar seal) surrounds at least a
portion of the outer perimeter wall 320 of the housing body 314. The seal 324 may
engage with a sealing surface such as the outer wall of a circumferentially adjacent

fuel injection module 300 to prevent or reduce fluid flow therebetween.
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[00100] Each tube 322 includes an inlet 326 (FIG. 13) defined at or upstream from
the forward plate 316, an outlet 328 (FIG. 14) defined at or downstream from the aft
plate 318, and a premix passage 330 (shown in hidden lines in FIG. 14) that extends
between the respective inlet 326 and outlet 328. As shown in hidden lines in FIG. 14,
a fuel nozzle plenum 332 is defined within the housing body 314 of the fuel injection
module 300. Each tube 322 of the plurality of tubes 322 extends through the fuel
nozzle plenum 332. At least some of the tubes 322 include or define at least one fuel
port 334 positioned within the fuel nozzle plenum 332. Each fuel port 334 permits
fluid communication from the fuel nozzle plenum 332 into a respective premix
passage 330. In particular embodiments, the fuel nozzle plenum 332 may be
subdivided or partitioned into two or more fuel nozzle plenums 332 defined within the
housing body 314.

[00101] In operation, gaseous fuel (or in some embodiments, a liquid fuel reformed
into a gaseous mixture) flows from the fuel nozzle plenum 332, via the fuel ports 334,
into the respective premix passage 330 of each of the tubes 322, where the fuel mixes
with air entering the respective inlet 326 of each tube 322. The fuel ports 334 may be
positioned along the respective tubes 322 in a single axial plane or in more than one
axial plane, for example, if a multi-tau arrangement is desired to address or tune
combustion dynamics between two adjacent integrated combustor nozzles 100 or to
mitigate coherent axial modes between the segmented annular combustion system 36
and the turbine 18.

[00102] Inthe embodiment provided in FIG. 13, each fuel injection lance 304 of
the plurality of fuel injection lances 304 is radially spaced from adjacent fuel injection
lances 304 along a radial wall portion of the outer perimeter wall 320 of the housing
body 314 of the fuel injection module 300. As shown in hidden lines in FIG. 13, an
injector fuel plenum or fuel circuit 336 is defined within the housing body 314 of the
fuel injection module 300.

[00103] In particular embodiments, the fuel injection lances 304 are in fluid
communication with the injector fuel plenum 336. In particular embodiments, the
injector fuel plenum 336 may be subdivided into two or more injector fuel plenums
336. For example, in particular embodiments, the injector fuel plenum 336 may be

subdivided into a first injector fuel plenum 338, which may feed fuel to a first subset
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340 of the plurality of fuel injection lances 304, and a second injector fuel plenum
342, which may feed fuel to a second subset 344 of the plurality of fuel injection
lances 304. As shown, the first subset 340 of fuel injection lances 304 may be a
radially inner subset, while the second subset 344 of fuel injection lances 304 may be
a radially outer subset.

[00104] In other embodiments, every other fuel injection lance 304 of the plurality
of fuel injection lances 304 may be fueled by a first injector fuel plenum, while the
remaining lances 304 are fueled by a separate fuel injector plenum. In such an
arrangement, it is possible to supply fuel to the premixing channels (e.g., 132) having
outlets along one side wall independently of the supply of fuel to the premixing
channels (e.g. 134) of the opposite side wall.

[00105] In particular embodiments, the fuel injection lances 304 may be
subdivided into a radially outer subset of fuel injection lances (304(a)), an
intermediate or middle subset of fuel injection lances 304(b), and a radially inner
subset of fuel injection lances 304(c). In this configuration, the radially outer subset
and the radially inner subset of fuel injection lances 304(a), 304(c) may receive fuel
from one fuel injector plenum, while the intermediate subset of fuel injection lances
304(b) may receive fuel from another (separate) fuel injector plenum. The plurality of
fuel injection lances 304 may be subdivided into multiple independently or commonly
fueled subsets of fuel injection lances 304, and the present disclosure is not limited to
two or three subsets of the fuel injections lances unless otherwise recited in the
claims.

[00106] Fuel may be supplied to the various plenums within the fuel injection
modules 300 from a head end portion of the segmented annular combustion system
36. For example, fuel may be supplied to the various fuel injection modules 300 via
an end cover (not shown) coupled to the compressor discharge casing 32 and/or via
one or more tubes or conduits disposed within a head end portion of the compressor
discharge casing 32.

[00107] Alternately, the fuel may be supplied radially through the outer liner
segments 108 to the fuel injection module 110 from a radially outward fuel manifold
or fuel supply assembly (not shown). In yet another configuration (not shown), fuel

may be supplied to the aft end 114 of the fuel injection panel 110 and routed through
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the pressure side wall 116 and/or suction side wall 118 to cool the fuel injection panel
110 before being introduced via the bundled tube fuel nozzle 302 or the fuel injection
lances 304.

[00108] In another configuration (not shown), fuel may be supplied to the aft end
114 of the fuel injection panel 110 and directed to premixing channels 132, 134,
which originate from the aft end of the fuel injection panel 110 and have outlets 126,
128 in the pressure side wall 116 and the suction side wall 118, respectively. In this
configuration, the need for fuel injection lances 304 is eliminated, and fuel to the
bundled tube fuel nozzle 302 may be supplied either radially or axially (via fuel
supply conduits, such as those described herein).

[00109] As shown in FIG. 13, in various embodiments, one or more conduits 346
may be used to provide fuel to the fuel nozzle plenum 332 and/or the injector fuel
plenum 336 or injector fuel plenums 338, 342. For example, in one embodiment, the
conduit 346 may comprise an outer tube 348 concentrically surrounding an inner tube
350 forming a tube-in-tube configuration. In this embodiment, an outer fuel circuit
352 is defined radially between the inner tube 350 and the outer tube 348, and an
inner fuel circuit 354 is formed within the inner tube 350, thus defining concentric
fuel flow paths to the fuel nozzle plenum 332 and/or the injector fuel plenum(s) 336,
338, 342. For example, the outer fuel circuit 352 may provide fuel to one or more of
the injector plenum(s) 336, 338, 342, while the inner fuel circuit 354 provides fuel to
the fuel nozzle plenum(s) 332, or vice versa. In another embodiment (not shown),
separate tubes 348, 350 may be used to deliver fuel to the fuel nozzle plenum 332 and
the injector fuel plenum 336.

[00110] FIG. 15 provides an upstream perspective view of the fuel injection
module 300, according to another embodiment. FIG. 16 provides an upstream
perspective view of an alternate fuel injection module 300, according to another
embodiment. FIG. 17 provides a downstream perspective view of a plurality of the
fuel injection modules 300 (as shown in FIG. 15) installed within circumferentially
adjacent integrated combustor nozzles 100.

[00111] Inthe embodiments illustrated in FIGS. 15, 16 and 17 collectively, the
plurality of tubes 322 of the bundled tube fuel nozzle portion 302 is subdivided into a
first subset of tubes 356 and a second subset of tubes 358. The housing body 314
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includes a common forward plate 316, a first aft plate 360, a second aft plate 362, and
an outer perimeter wall 320 that extends around each subset of tubes 356, 358 to
define one or more respective fuel nozzle plenums (not shown). As used herein, the
terms “fuel nozzle plenum” and “bundled tube fuel plenum” may be used
interchangeably to refer to the fuel plenums supplying fuel to the fuel nozzle portion
302 (in some cases, a bundled tube fuel nozzle) of the fuel injection module 300.
[00112] The first subset of tubes 356 extends through the forward plate 316, a first
fuel nozzle plenum defined within the housing body 314, and the first aft plate 360.
The second subset of tubes 358 extends through the forward plate 316, a second fuel
nozzle plenum defined within the housing body 314, and the second aft plate 362. As
shown in FIG 15, the plurality of fuel injection lances 304 is disposed
circumferentially between the first subset of tubes 356 and the second subset of tubes
358 and/or between the first aft plate 360 and the second aft plate 362.

[00113] FIG. 16 illustrates an alternate fuel injection module 300, which may be
used in embodiments with a radial delivery of fuel to injector fuel plenums within the
fuel injection panels 110. In this embodiment, the fuel injection lances 304 may be
omitted from the fuel injection module 300, thus leaving a circumferential gap
between respective subsets of tubes 356, 358.

[00114] In particular embodiments, as shown in FIGS.14, 15 and 16, one or more
of the fuel injection modules 300 may include an igniter 364 for igniting the fuel and
air mixture exiting bundled tube fuel nozzle portion 302 of the fuel injection module
300. In particular embodiments, as shown in FIGS. 15 and 16, a seal 366 (such as a
hula or spring-type seal) may be disposed along a side perimeter wall 368 of the
housing body 314 of one or more of the fuel injection modules 300. The seal 366
may engage with an adjacent side perimeter wall of an adjacent fuel injection module
300 to prevent or reduce fluid flow therebetween.

[00115] FIGS. 15, 16 and 17 illustrate a pair of fuel conduits 382, 392 associated
with each fuel injection module 300. In one embodiment (FIGS. 15 and 17), the fuel
conduits 382, 392 may be constructed as tube-in-tube arrangements, as discussed
above. In this case, a first fuel conduit 382 may supply fuel to the first subset of

bundled tubes 356 and a first subset of fuel injection lances 304 (not separately
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labeled), while the other fuel conduit 392 may supply fuel to the second subset of
bundled tubes 358 and a second subset of fuel injection lances 304.

[00116] In another embodiment (FIG. 16), the fuel conduit 382 may supply fuel to
the first subset of bundled tubes 356, and the second conduit 392 may supply fuel to
the second subset of bundled tubes 358. In yet another variation, the first subset of
bundled tubes 356 and the second subset of bundled tubes 358 may be fed by a
common first fuel nozzle plenum 372 (fed by the first fuel conduit 382) and a
common second fuel nozzle plenum (fed by the second fuel conduit 392), thus
permitting each subset of tubes 356, 358 to be further divided into a radially inner and
radially outer grouping of bundled tubes. That is, the radially inner tubes of the first
bundled subset 356 and the radially inner tubes of the second bundled subset 358 may
be fueled by the first conduit 382, while the radially outer tubes of the subsets 356,
358 may be fueled by the second conduit 392. Thus, it is possible to create radially
inner and radially outer bundled tube subsets, which may be independently fueled,
within a common housing of a single fuel injection module 300.

[00117] FIG. 17 illustrates a set of three exemplary fuel injection modules 300 of
FIG. 15, which are assembled with three respective combustor nozzles 100. As
shown, the first subset of bundled tubes 356 is located circumferentially outboard of
the suction side wall (118) of the fuel injection panel 110. The combustor nozzle 100
is positioned between the first and second bundled tube fuel nozzle subsets 356, 358.
The second bundled tube fuel nozzle subset 358 is positioned circumferentially
outboard of the pressure side (116) of the same fuel injection panel 110. Thus, each
primary combustion zone 102 combusts fuel and air mixtures from the second
bundled tube fuel nozzle subset 358 of a first fuel injection module 300 and the first
bundled tube fuel nozzle 356 of a second (adjacent) fuel injection module 300.
Similarly, in those embodiments having premixing channels 132, 134 disposed on
each side wall of the fuel injection panels 110, each secondary combustion zone 104
combusts fuel and air mixtures from the suction side premixing channels 134 of a first
fuel injection panel 110 and the pressure side premixing channels 132 of a second
(adjacent) fuel injection panel 110.

[00118] FIG. 18 provides a cross-sectioned top view of a portion of the integrated

combustor nozzle 100, including a portion of a fuel injection panel 110 and the fuel
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injection module 300 (as shown in FIGS. 15 and 17), according to at least one
embodiment. FIG. 19 provides a cross-sectioned side view of the embodiment of the
fuel injection module 300 (illustrated in FIG. 15) inserted into an exemplary
integrated combustor nozzle 100 with the pressure side wall 116 cut away, according
to at least one embodiment.

[00119] Asshown in FIG. 18, the first subset of tubes 356 of the plurality of tubes
322 extends along a portion of the suction side wall 118 of the respective fuel
injection panel 110, and the second subset of tubes 358 of the plurality of tubes 322
extends along the pressure side wall 116 of the same fuel injection panel 110. As
such, as shown in FIG. 17, two circumferentially adjacent fuel injection modules 300
mounted to two circumferentially adjacent integrated combustor nozzles 100 may be
required to form a full bank of tubes 322 for each primary combustion zone 102
within the segmented annular combustion system 36.

[00120] In particular embodiments, as shown in FIGS. 18 and 19, the bundled tube
fuel plenum 332 may be subdivided into two or more bundled tube fuel plenums. For
example, in one embodiment, the bundled tube fuel plenum 332 may be subdivided or
partitioned into a first bundled tube fuel plenum 370 and a second bundled tube fuel
plenum 372 via a wall 371 or other obstruction defined or disposed within the fuel
injection module 300. In this configuration, as shown in FIG. 18, the first bundled
tube fuel plenum 370 may provide fuel to the first subset of tubes 356, while the
second bundled tube fuel plenum 372 may provide fuel to the second subset of tubes
358. In this configuration, the first subset of tubes 356 and the second subset of tubes
358 may be fueled or operated independently of each other.

[00121] In particular embodiments, as illustrated in FIG. 18, the bundled tube fuel
plenum 332 may be subdivided axially across one or both subsets of tubes 356, 358,
via one or more plates or walls 373 disposed within the housing body 314, thereby
forming a forward bundled tube fuel plenum 332(a) and an aft bundled tube fuel
plenum 332(b). One or more of the fuel ports 334 may be in fluid communication
with the forward bundled tube fuel plenum 332(a), and one or more of the fuel ports
334 may be in fluid communication with the aft bundled tube fuel plenum 332(b),

thereby providing multi-tau flexibility to address or to tune combustion dynamics.

27



WO 2017/165611 PCT/US2017/023751

[00122] In particular embodiments, as shown in FIG. 19, the injector fuel plenum
336 may be subdivided or split into a first injector fuel plenum 374 and a second
injector fuel plenum 376. In this embodiment, the plurality of fuel injection lances
304 may be subdivided into a first (or radially inner) subset 378 of fuel injection
lances 304 and a second (or radially outer) subset 380 of fuel injection lances 304.
The first subset 378 of the fuel injection lances 304 may be in fluid communication
with the first injector fuel plenum 374, and the second subset 380 of the fuel injection
lances 304 may be in fluid communication with the second injector fuel plenum 376.
[00123]  The first (or radially inner) subset 378 of fuel injection lances 304 may
fuel a radially inner set of the pressure side wall and/or suction side wall premixing
channels 132, 134, while the second (or radially outer) subset 380 of fuel injection
lances 304 may fuel a radially outer set of the pressure side wall and/or suction side
wall premixing channels 132,134. This configuration may increase operational
flexibility, in that the first subset of fuel injection lances 304 and the second subset of
fuel injection lances 304 may be operated independently or together depending on
operating mode (e.g., full-load, part-load, or turndown) or desired emissions
performance.

[00124] FIG. 19 further illustrates a first conduit 382 including an outer tube 384
that concentrically surrounds an inner tube 386 to form a tube-in-tube configuration
that defines an inner fuel circuit 388 and an outer fuel circuit 390. The inner fuel
circuit 388 may be used to supply fuel to the first bundled tube fuel plenum 370, and
the outer fuel circuit 390 may be used to provide fuel to the first injector fuel plenum
374 (or vice versa). A second conduit 392, which includes an outer tube 394 that
concentrically surrounds an inner tube 396 to form a tube-in-tube configuration,
defines an inner fuel circuit 398 and an outer fuel circuit 400. The inner fuel circuit
398 may be used to supply fuel to the second bundled tube fuel plenum 372, and the
outer fuel circuit 400 may be used to provide fuel to the second injector fuel plenum
376.

[00125] Conveniently, in the embodiments shown in FIGS. 15 and 17 through 19,
the fuel to both the fuel nozzle portion 302 and the fuel injection lances 304 is
delivered via common fuel conduits (e.g., tube-in-tube conduits), thereby reducing

complexity and minimizing part count. While tube-in-tube arrangements are
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illustrated herein, it should be understood that separate fuel conduits may instead be
used with at least one fuel conduit supplying fuel to the fuel nozzle portion 302 and at
least one other fuel conduit supplying fuel to the fuel injection lances 304.

[00126] FIG. 20 provides a downstream perspective view of a portion of the
segmented annular combustion system 36 including a pair of circumferentially
adjacent integrated combustor nozzles 100 and a pair of radially mounted fuel
injection modules 300, according to at least one embodiment. In one embodiment, as
shown in FIG. 20, two fuel injection modules 300 may be radially stacked together,
thereby forming a radially inner and a radially outer fuel injection module set 402.
Each fuel injection module 300 of the fuel injection module set 402 is fueled
individually with conduits 404, 406 having multiple fuel circuits, as described
previously, such that the stacked fuel injection module set 402 has at least four
independent fuel circuits. In this manner, the respective bundled tube fuel plenums
and the injector fuel plenums may be charged or operated independently, as
previously described.

[00127] In particular embodiments, as shown in FIG. 20, at least one of the fuel
injection panels 110 may define at least one cross-fire tube 156 that extends through
respective openings in the pressure side wall (hidden in FIG. 19) and the suction side
wall 118 of the respective fuel injection panel 110. The cross-fire tube 156 permits
cross-fire and ignition of circumferentially adjacent primary combustion zones 102
between circumferentially adjacent integrated combustor nozzles 100.

[00128] In one embodiment, as shown in FIG. 21, the cross-fire tube 156 is defined
by a double-walled cylindrical structure with an air volume defined therebetween.
The combustion gases 30, ignited in a first primary combustion zone 102, are
permitted to flow through the inner wall of the cross-fire tube 156 into an adjacent
primary combustion zone 102, where ignition of the fuel and air mixture in the
adjacent primary combustion zone 102 occurs. To prevent combustion gases from
stagnating in the cross-fire tube 156, purge air holes 158 are provided in the inner
wall. In addition to the purge air holes 158, the outer walls of the cross-fire tubes 156
may be provided with air feed holes 157 that may be in fluid communication with at
least one air cavity 160, 170 within the fuel injection panel 110 or some other source

of compressed air. The purge air holes 158 are in fluid communication with the air

29



WO 2017/165611 PCT/US2017/023751

volume, which receives air via the air feed holes 157. The combination of smaller air
feed holes 157 in the outer wall and larger purge air holes 158 in the inner wall
transforms the cross-fire tube 156 into a resonator for mitigating potential combustion
dynamics within the segmented annular combustion system 36.

[00129] In particular embodiments, one or more of the fuel injection modules 300
may be configured to burn a liquid fuel in addition to a gaseous fuel. FIG. 22
provides a downstream perspective view of an exemplary fuel injection module
configured for both gas fuel and liquid fuel operation, according to at least one
embodiment of the present disclosure. FIG. 23 provides a cross-sectioned side view
of the exemplary fuel injection module 300 shown in FIG. 22, taken along section line
23-23, and coupled to an end cover 40, according to one embodiment of the present
disclosure. FIG. 24 provides a cross-sectioned view of the fuel injection module 300
shown in FIG. 23, taken along section line 24-24, according to one embodiment of the
present disclosure.

[00130] In at least one embodiment, as shown in FIGS. 22 and 23 collectively, one
or more of the fuel injection modules 300 may be fueled from an end cover 40 via a
respective fuel supply conduit 408. As shown in FIG. 23, the fuel supply conduit 408
may comprise an outer conduit 410, an inner conduit 412, and a liquid fuel cartridge
414 that extends coaxially through the inner conduit 412. In particular embodiments,
the fuel supply conduit 408 may include an intermediate conduit 416 disposed radially
between the inner conduit 412 and the outer conduit 410. The outer conduit 410, the
inner conduit 412, and the intermediate conduit 416 (when present) may define
various fuel circuits therebetween for providing gaseous or liquid fuel to the bundled
tube fuel nozzle portion 302 and/or the fuel injection lances 304 of the fuel injection
module 300.

[00131] In various embodiments, as shown in FIG. 23, the housing body 314 of the
fuel injection module 300 may define an air plenum 418 therein. The air plenum 418
may surround at least a portion of each tube 322 of the plurality of tubes 322. Air
from the compressor discharge casing 32 may enter the air plenum 418 via openings
420 defined along the housing body 314 or by some other opening or passage, such as
a channel (not shown) originating from the forward plate 316 and extending through

the fuel plenum 332 to the air plenum 418.
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[00132] In various embodiments, the liquid fuel cartridge 414 extends axially
within and at least partially through the inner conduit 412. The liquid fuel cartridge
414 may supply liquid fuel 424 (such as oil) to at least a portion of the plurality of
tubes 322. In addition or in the alternative, the liquid fuel cartridge 414 may project a
liquid fuel 424 generally axially downstream and radially outwardly from the outlets
328 of the tubes 322 beyond the aft plate(s) 318, 360, 362, such that the liquid fuel
424 may be atomized with a premixed gaseous fuel-air mixture flowing from the tube
outlets 328 (or with air flowing through the tube outlets, when the combustion system
is operating only on liquid fuel, and the gaseous fuel supply to the tubes 332 is
inactive).

[00133] In this configuration, as illustrated in FIG. 23, liquid fuel may be injected
directly into the primary combustion zone 102 via the liquid fuel cartridge 414. In
particular embodiments, the liquid fuel cartridge 414 and the inner conduit 412 may at
least partially define an annular purge air passage 428 therebetween. During
operation, purge air 430 may be provided to the purge air passage 428 to thermally
insulate the liquid fuel cartridge 414, thereby minimizing coking. The purge air 430
may be exhausted from the purge air passage 428, via an annular gap 432 defined
between a downstream end portion of the liquid fuel cartridge 414 and a downstream
end portion of the inner conduit 412.

[00134] The inner conduit 412 and the intermediate conduit 416 define an inner
fuel passage 422 therebetween for providing a gaseous fuel to the fuel plenum 332,
which supplies fuel to the plurality of tubes 322 of the fuel injection module 300. A
flow of premixed (gaseous or gasified liquid) fuel and air may be injected into the
primary combustion zone 102, via the tube outlets 328 of the bundled tube fuel nozzle
portion 302.

[00135] An outer fuel passage 426 defined between the intermediate conduit 416
and the outer conduit 410 directs gaseous fuel to the injector fuel plenum 336, which
supplies fuel to the fuel injection lances 304. FIG. 24 illustrates the concentricity
between the liquid fuel cartridge 414, the purge air passage 428, the inner fuel passage
422, and the outer fuel passage 426.

[00136] FIG. 25 provides an overhead (top down) cross-sectioned view of a portion

of an exemplary fuel injection panel 110 with an exemplary fuel injection lance 304,
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according to at least one embodiment of the present disclosure. In particular
embodiments, as shown in FIG. 25, liquid fuel 434 may be supplied to one or more of
the fuel injection lances 304 via a liquid fuel cartridge 436 that extends axially
through the respective fuel injection lance 304. The liquid fuel cartridge 436 may
extend through the housing body 314. The liquid fuel cartridge 436 is installed within
a protective tube 437 (akin to the inner conduit 412), which defines an annulus 439
around the liquid fuel cartridge 436. The annulus 439 provides a passage through
which air flows, thereby providing a thermal insulating shield to the liquid fuel
cartridge 436 to minimize coking. An outer fuel passage 438 may be defined between
the protective tube 437 and an inner surface of the respective fuel injection lance 304.
The outer fuel passage 438 may be in fluid communication with the injector fuel
plenum 336, thereby providing dual-fuel capability to the fuel injector lances 304.
[00137] In operation, each bundled tube fuel nozzle portion 302 produces a hot
effluent stream of combustion gases via a relatively short flame originating from the
outlets 328 of each of the tubes 322 in each corresponding primary (or first)
combustion zone 102. The hot effluent stream flows downstream and into a second
fuel and air stream provided by the pressure side premixing channels 132 of one of a
first fuel injection panel 110 and/or by suction side premixing 134 channels of a
circumferentially adjacent (or second) fuel injection panel 110. The hot effluent
stream and the second premixed fuel and air streams react in the corresponding
secondary combustion zone 104. The hot effluent streams from the primary
combustion zones 102, approximately 40% to 95% of total combustion gas flow, are
conveyed downstream to the injection planes 130, 131, where the second fuel and air
mixtures are introduced and where the balance of flow is added into the respective
secondary combustion zones. In one embodiment, approximately 50% of total
combustion gas flow originates from the primary combustion zones 102, and the
remaining approximately 50% originates from the secondary combustion zones 104.
This arrangement of axial fuel staging with targeted residence times in each
combustion zone minimizes overall NOx and CO emissions.

[00138] Circumferential dynamics modes are common in traditional annular
combustors. However, largely due to the use of integrated combustor nozzles 110

with secondary fuel-air injection, the segmented annular combustion system provided
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herein reduces the likelihood that these dynamic modes will develop. Further,
because each segment is isolated from circumferentially adjacent segments, dynamics
tones and/or modes associated with some can-annular combustion systems are
mitigated or non-existent.

[00139] During operation of the segmented annular combustion system 36, it may
be necessary to cool one or more of the pressure side walls 116, the suction side walls
118, the turbine nozzle 120, the inner liner segments 106, and/or the outer liner
segments 108 of each integrated combustor nozzle 100 in order to enhance
mechanical performance of each integrated combustor nozzle 100 and of the
segmented annular combustion system 36 overall. In order to accommodate cooling
requirements, each integrated combustor nozzle 100 may include various air passages
or cavities that may be in fluid communication with the high pressure plenum 34
formed within the compressor discharge casing 32 and/or with the premix air plenum
144 defined within each fuel injection panel 110.

[00140] The cooling of the integrated combustor nozzles 100 may be best
understood with reference to FIGS. 6, 8 and 26. FIG. 26 provides a bottom
perspective view of an exemplary integrated combustor nozzle 100, according to at
least one embodiment.

[00141] In particular embodiments, as shown in FIGS. 6, 8 and 26 collectively, an
interior portion of each fuel injection panel 110, which is defined between the
pressure side wall 116 and the suction side wall 118, may be partitioned into various
air passages or cavities 160 by walls 166. In particular embodiments, the air cavities
160 may receive air from the compressor discharge casing 32 or other cooling source,
via one or more openings 162 defined in the outer liner segment 108 (FIG. 8) and/or
via one or more openings 164 defined in the inner liner segment 106 (FIG. 26).
[00142] Asshown in FIGS. 6, 8 and 26 collectively, walls or partitions 166 may
extend within the interior portion of the fuel injection panel 110 to at least partially
form or separate the plurality of air cavities 160. In particular embodiments, some or
all of the walls 166 may provide structural support to the pressure side wall 116
and/or the suction side wall 118 of the fuel injection panel 110. In particular
embodiments, as shown in FIG. 8, one or more of the walls 166 may include one or

more apertures 168 that allow fluid to flow between adjacent air cavities 160.
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[00143] In various embodiments, as shown in FIGS. 6, 8 and 26 collectively, the
plurality of air cavities 160 includes a premix channel air cavity 170 that surrounds
the pressure side premixing channels 132 and the suction premixing channels 134 (or
whichever set of premixing channels 132 or 134 is present). In particular
embodiments, at least one air cavity 160 of the plurality of air cavities 160 extends
through the turbine nozzle portion 120 of each fuel injection panel 110.

[00144] In operation, air from the high pressure plenum 34 formed by the
compressor discharge casing 32 may enter the plurality of air cavities 160 via the
openings 162, 164 in the outer liner segment 108 and/or the inner liner segment 106
respectively. In particular embodiments, where the interior of the fuel injection panel
110 is partitioned via the wall(s) 166, the air may flow through the apertures 168 into
adjacent air cavities 160. In particular embodiments, the air may flow through one or
more apertures 168 towards and/or into the premix channel air cavity 170 and/or into
the premix air plenum 144 of the fuel injection panel 110. The air may then flow
around the collars 146 and into the pressure side premixing channels 132 and/or the
suction side premixing channels 134.

[00145] FIG. 27 provides an exploded perspective view of an exemplary integrated
combustor nozzle 100, according to at least one embodiment of the present disclosure.
FIG. 28 provides a top view of three assembled exemplary integrated combustor
nozzles 100 (as shown exploded in FIG. 27), according to at least one embodiment.
FIG. 29 provides a bottom view of an exemplary integrated combustor nozzle 100 (as
shown exploded in FIG. 27), according to at least one embodiment.

[00146] In particular embodiments, as shown collectively in FIGS. 27 and 28, each
integrated combustor nozzle 100 may include an outer impingement panel 178 that
extends along an outer surface 180 of the outer liner segment 108. The outer
impingement panel 178 may have a shape corresponding to the shape, or a portion of
the shape, of the outer liner segment 108. The outer impingement panel 178 may
define a plurality of impingement holes 182 defined at various locations along the
outer impingement panel 178. In particular embodiments, as shown in FIG. 27, the
outer impingement panel 178 may extend across an inlet 184 to the premix air plenum
144, which is defined along the outer surface 180 of the outer liner segment 108. In

particular embodiments, as shown in FIGS. 27 and 28 collectively, the outer
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impingement panel 178 may define a plurality of openings 186 that align with, or
correspond to, one or more of the openings 162 defined along the outer liner segment
108 and that correspond with the various air cavities 160 defined within the integrated
combustor nozzle 100.

[00147] In particular embodiments, as shown collectively in FIGS. 27 and 29, each
integrated combustor nozzle 100 may include an inner impingement panel 188 that
extends along an outer surface 190 of the inner liner segment 106. The inner
impingement panel 188 may have a shape corresponding to the shape, or a portion of
the shape, of the outer liner segment 106. The inner impingement panel 188 may
include a plurality of impingement holes 192 defined at various locations along the
inner impingement panel 188. In particular embodiments, as shown in hidden lines in
FIG. 29, the inner impingement panel 188 may extend across an inlet 194 to the
premix air plenum 144, which is defined along the outer surface 190 of the inner liner
segment 106. In particular embodiments, as shown in FIGS. 27 and 29, the inner
impingement panel 188 may define a plurality of openings 196 that align with, or
correspond to, one or more of the openings 164 (FIG. 25) defined along the inner liner
segment 106 and that correspond with particular air cavities 160 defined within the
integrated combustor nozzle 100.

[00148] In particular embodiments, as shown in FIGS. 27 and 28 collectively, one
or more of the integrated combustor nozzles 100 includes a first impingement air
insert 198 that is positioned within the turbine nozzle portion 120 of the
corresponding integrated combustor nozzle 100. The first impingement air insert 198
is formed as a hollow structure, with an opening at one or both ends, in a shape
complementary to the air cavity 160 in the turbine nozzle portion 120. The
impingement air insert 198 defines a plurality of impingement holes 200. During
operation, air from the compressor discharge casing 32 may flow through a
corresponding opening 162 defined in the outer liner 108 and/or opening 186 defined
in the outer impingement panel 178 and into the first impingement insert 198, where
the air may flow through the impingement holes 200 as discrete jets, which impinge
on interior surfaces of the turbine nozzle 120.

[00149] In particular embodiments, as shown in FIGS. 27, 28 and 29 collectively,

one or more of the integrated combustor nozzles 100 may include a second

35



WO 2017/165611 PCT/US2017/023751

impingement air insert 202. The second impingement air insert 202 may be
positioned, or mounted, in a cavity 204 (FIG. 28) of the corresponding fuel injection
panel 110, which is defined downstream of the pressure side injection outlets 126
and/or suction side injection outlets 128 and upstream of the turbine nozzle 120. As
shown in FIGS. 28 and 29 collectively, the second impingement air insert 202 may be
open on both a radially inner end 206 (FIG. 29) and a radially outer end 208 (FIG. 28)
to allow air from the compressor discharge casing 32 to flow freely through the fuel
injection panel 110. A portion of the air passing through the impingement air insert
202 1s used to impinge on an interior surface of the corresponding fuel injection panel
110. After impinging on the interior surfaces of the fuel injection panel 110, air flows
through the fuel injection panel 110 toward the forward end 112 of the fuel injection
panel 110, where the air is directed into the inlets of the premixing channels 132, 134.
[00150]  Air that passes freely through the second impingement air insert 202 may
be mixed with compressed air within the compressor discharge casing 32 as the
compressed air flows towards the bundled tube fuel nozzle portion 302 of each of the
fuel injection modules 300 where it may be mixed with fuel. In various embodiments,
the air from the compressor discharge casing 32 may flow into the premixing channel
cooling cavity 170 for cooling the pressure side and/or the suction side premixing
channels 132, 134.

[00151] In other embodiments, two impingement air inserts may be inserted within
a given air cavity 160, such as a first impingement air insert installed through the
inner liner segment 106 and a second impingement air insert installed through the
outer liner segment 108. Such an assembly may be useful when the cavity 160 has a
shape (e.g., an hourglass shape) that prevents insertion of a single impingement air
insert through the radial dimension of the cavity 160. Alternately, two or more
impingement air inserts may be positioned sequentially in an axial direction within a
given cavity 160.

[00152] FIG. 30 provides an enlarged view of a portion of the outer liner segment
108 of one of the exemplary integrated combustor nozzles 100, as shown in FIG. 29.
FIG. 31 provides an enlarged view of a portion of the inner liner segment 106 of one

of the exemplary integrated combustor nozzles 100, as shown in FIG. 29.
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[00153] In particular embodiments, as shown in FIG. 30, the outer impingement
panel 178 may be radially spaced from the outer surface 180 of the outer liner
segment 108 to form a cooling flow gap 210 therebetween. The cooling flow gap 210
may extend between the downstream end portion 114 and the upstream end portion
112 of the corresponding fuel injection panel 100. During operation, as shown in
FIG. 30, air 26 from the compressor discharge casing 32 (FIG. 2) flows against the
outer impingement panel 178 and through the impingement holes 182. The
impingement holes 182 direct multiple jets of the air 26 against and/or across the
outer surface 180 of the outer liner segment 108 at discrete locations to provide jetted
or impingement cooling thereto. The air 26 may then flow through the inlet 184 at the
upstream end portion 112 of the outer liner segment 108 and into the premix air
plenum 144 defined within the fuel injection panel 110 where it may be distributed to
the individual pressure side premixing channels 132 and/or the suction side premixing
channels 134. The outer liner segment 108 may define, along each longitudinal edge
thereof, a C-shaped slot 109 within which a seal (not shown) may be installed along
its length to seal the joint 122 between adjacent outer liner segments 108.

[00154] Asshown in FIG. 31, the inner impingement panel 188 may be radially
spaced from the outer surface 190 of the inner liner segment 106 to form a cooling
flow gap 212 therebetween. The cooling flow gap 212 may extend between the
downstream end portion 114 and the upstream end portion 112 of the corresponding
fuel injection panel 100. During operation, as shown in FIG. 31, air 26 from the
compressor discharge casing 32 flows against the inner impingement panel 188 and
through the impingement holes 192. The impingement holes 192 direct multiple jets
of the air against and/or across the outer surface 190 of the inner liner segment 106 at
discrete locations to provide jetted or impingement cooling thereto. The air 26 may
then flow through the inlet 194 at the upstream end portion 112 of the inner liner
segment 106 and into the premix air plenum 144 defined within the fuel injection
panel 110 where it may be distributed to the individual pressure side premixing
channels 132 and/or the suction side premixing channels 134. The inner liner
segment 106 may define, along each longitudinal edge thereof, a C-shaped slot 107
within which a seal (not shown) may be installed along its length to seal the joint 122

between adjacent inner liner segments 106.
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[00155] FIGS. 30 and 31 further illustrate at least one micro-channel cooling
passage 216 extending through the outer liner segment 108 and/or the inner liner
segment 106, respectively. The micro-channel cooling passage 216 has an inlet hole
214 in communication with the cooling flow gap 210 (as shown in FIG. 30) or the
premix air plenum (as shown in FIG. 31). The micro-channel cooling passages 216
terminate in air outlet holes 218, which may be located along the longitudinal edges
of the respective liner segment 106 or 108.

[00156] FIGS. 32 and 33 are intended to be illustrative of a portion of either the
inner liner segment 106 or the outer liner segment 108, according to particular
embodiments of the present disclosure. In particular embodiments, as shown in FIGS.
32 and 33, the outer surface 190 of the inner liner segment 106 and/or the outer
surface 180 of the outer liner segment 108 may define or include a plurality of air
inlet holes 214 for receiving air from the compressor discharge casing 32 (FIG. 2).
Each inlet hole 214 (shown in hatched lines in FIG. 33) may be integrated with a
relatively short micro-channel cooling passage 216 that terminates at a corresponding
air outlet hole 218 (shown as a solid circle in FIG. 33). In the illustrated embodiment,
the inlet hole(s) 214 and the corresponding outlet hole(s) 218 are disposed on the
same surface (i.e., the outer surface 180, 190) of the respective liner segment 108,
106. However, in other embodiments, the outlet hole(s) 218 may be disposed on the
inner surface.

[00157] The length of the micro-channel cooling passages 216 may vary. In
particular embodiments, the length of some or all of the micro-channel cooling
passages 216 may be less than about ten inches. In particular embodiments, the
length of some or all of the micro-channel cooling passages 216 may be less than
about six inches. In particular embodiments, the length of some or all of the micro-
channel cooling passages 216 may be less than about two inches. In particular
embodiments, the length of some or all of the micro-channel cooling passages 216
may be less than about one inch. Generally speaking, the micro-channel cooling
passages 216 may have a length of between 0.5 inches and six inches. The length of
the various micro-channel cooling passages 216 may be determined by the diameter

of the micro-channel cooling passage 216, the heat pick-up capability of the air
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flowing therethrough, and the local temperature of the area of the liner segment 106,
108 being cooled.

[00158] In particular embodiments, one or more of the air outlet holes 218 may be
located along the outer surface 190, 180 of the respective inner liner segment 106 or
the outer liner segment 108 and may deposit the air from the respective inlet holes
214 into a collection trough 220 (FIG. 32). As shown in FIG. 32, the collection
trough 220 may be defined by a duct 222 that extends along the respective outer
surface 190 of the inner liner segment 106 or the outer surface 180 of the outer liner
segment 108. The collection trough 220 may channel at least a portion of the air to
the premix air plenum 144 (FIG. 31) of the fuel injection panel 110 where it may be
distributed to the various pressure side premixing channels 132 and/or the suction side
premixing channels 134. More details about microchannel cooling are described in
commonly assigned U.S. Patent Application No. 14/944,341, filed November 18,
2015.

[00159] In particular embodiments, as shown in FIG. 32, one or more of the micro-
channel cooling passages 216 may be oriented so as to terminate in the openings 162,
164 of one or more of the air cavities 160. Thus, the air from one or more of the
micro-channel cooling passages 216 may be mixed with the air that is used to cool the
interior of the fuel injection panel 110, which may or may not have impingement air
inserts therein. In particular embodiments, as shown in FIGS. 30 and 31, the outlet
holes 218 of one or more of the micro-channel cooling passages 216 may be located
along a side wall of the inner liner segment 106 or a side wall of the outer liner
segment 108 such that the air flows through the micro-channel cooling passages 216
and then between two circumferentially adjacent inner liner segments 106 or outer
liner segments 108 along the split line 122 (FIG. 28), thereby creating a fluid seal
therebetween. In one embodiment, the outlet holes 218 of one or more of the micro-
channel cooling passages 216 may be located along an inner surface of the inner liner
segment 106 or an inner surface of the outer liner segment 108 such that the air flows
through the micro-channel cooling passages 216 and then enters either the primary or
the secondary combustion zones 102, 104 as film air.

[00160] Tt is also contemplated herein that, instead of (or in addition to) cooling the

liner segments 106, 108 by impingement cooling or microchannel cooling, the liner
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segments 106, 108 may be cooled convectively. In this configuration (not shown), the
liner segments 106, 108 are provided with correspondingly shaped cooling sleeves,
thereby defining an annulus between the liner segment and the sleeve. The aft ends of
the sleeves are provided with a plurality of cooling inlet holes, which permit air 26 to
enter the annulus and be conveyed upstream to the premixed plenum 144. The outer
surface of the liner segment 106, 108 and/or the inner surface(s) of the sleeve(s) may
be provided with heat-transfer features, such as turbulators, dimples, pins, chevrons,
or the like, to augment the heat transfer away from the liner segment 106, 108. As the
air 26 passes through the annulus and over or around the heat-transfer features, the air
convectively cools the respective liner segment 106, 108. The air 26 then enters the
premixing air plenum 144 and is mixed with fuel, in one or both of the bundled tube
fuel nozzle 302 or the premixing channels 132, 134. In the case where the air is
directed into the premixing channels 132, 134, the air further cools the channels 132,
134, as the air flows through.

[00161] FIG. 34 provides a perspective view of a portion of a suction side of the
segmented annular combustion system 36, according to at least one embodiment of
the present disclosure. FIG. 35 provides a bottom perspective view of a portion of
one exemplary integrated combustor nozzle 100, according to one embodiment of the
present disclosure. FIG. 36 provides a cross-sectioned side view of an exemplary
integrated combustor nozzle 100 mounted within the segmented annular combustion
system 36, according to one embodiment of the present disclosure.

[00162] In one embodiment as shown in FIG. 34, each integrated combustor nozzle
100 includes a mounting strut 224 attached to a corresponding outer liner segment
108. In order to support the integrated combustor nozzles 100 within the combustion
section 16, each mounting strut 224 is attached to an outer mounting ring 226.
Although the outer mounting ring 226 is shown at the aft end of the liner segments
108, it should be understood that the mounting struts 224 may be configured to permit
the mounting ring 226 to be disposed at the forward end of the liner segments 108 (as
in FIG. 36) or at some position intermediate between the forward and aft ends.
[00163] In particular embodiments, as shown in FIGS. 34, 35 and 36 collectively,
each integrated combustor nozzle 100 may include an inner hook or hook plate 228

and an outer hook or hook plate 252. The inner hook 228 may be disposed along, or
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may be attached to, the inner liner segment 106 or may form a part of the inner liner
segment 106 proximate the turbine nozzle 120. The outer hook 252 may be disposed
along, or may be attached to, the outer liner segment 108 or may form a part of the
outer liner segment 108 proximate the turbine nozzle 120. As shown in FIG. 36, each
inner hook 228 may be coupled to an inner mounting ring 230. The inner hook 228
and the outer hook 252 may be oppositely disposed or extend in opposite axial
directions.

[00164] In particular embodiments, as shown in FIG. 36, an outer double bellows
seal 232 extends between the outer mounting ring 226 and the outer liner segment 108
proximate to the turbine nozzle 120. One end portion 234 of the outer double bellows
seal 232 may be coupled to or sealed against the outer mounting ring 226. A second
end portion 236 of the outer double bellows seal 232 may be coupled to or sealed
against the outer liner segment 108 or an intermediate structure attached to the outer
liner segment 108. In other embodiments, the outer double bellows seal 238 may be
replaced by one or more leaf seals.

[00165] In particular embodiments, an inner double bellows seal 238 extends
between the inner mounting ring 230 and the inner liner segment 106 proximate to the
turbine nozzle 120. One end portion 240 of the inner double bellows seal 238 may be
coupled to or sealed against the inner mounting ring 230. A second end portion 242
of the inner double bellows seal 238 may be coupled to or sealed against the inner
liner segment 106 or an intermediate structure attached to the inner liner segment 106.
In other embodiments, the inner double bellows seal 238 may be replaced by one or
more leaf seals.

[00166] FIG. 37 provides a perspective view of a pair of circumferentially adjacent
double bellows seals and is intended to be illustrative of either the inner or the outer
double bellows seals 238, 232, according to at least one embodiment. The inner
and/or outer double bellows seals 238, 232 may be produced by welding or otherwise
joining two bellows segments 244 and 246. The inner and/or outer double bellows
seals 238, 232 (or leaf seals) may accommodate movement between the inner
mounting ring 230 and the integrated combustor nozzles 100 and/or movement
between the outer mounting ring 226 and the integrated combustor nozzles 100 in

both axial and radial directions. Each or some of the inner double bellows seals 238
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or the outer double bellows seal 232 (or, alternately, leaf seals) may circumferentially
span more than one integrated combustor nozzle 100. In particular embodiments, an
intermediate double bellows seal 248 (or leaf seal) may be placed over a gap 250,
which may be formed between circumferentially adjacent double bellows (or leaf)
seals.

[00167] FIG. 38 provides a perspective view of a pressure side of an exemplary
integrated combustor nozzle 100, according to one embodiment of the present
disclosure. FIG. 39 provides a cross-sectioned perspective view of a portion of the
integrated combustor nozzle 100, as shown in FIG. 38. In one embodiment, as shown
in FIGS. 35 and 38, the integrated combustor nozzle 100 includes the inner hook or
hook plate 228. The inner hook 228 may be disposed along or may be attached to the
inner liner segment 106 or may form a part of the inner liner segment 106 proximate
the turbine nozzle 120. The integrated combustor nozzle 100 may also include one or
more outer hooks 252 defined along the outer surface 180 of the outer liner segment
108 proximate the turbine nozzle 120.

[00168] As shown in FIGS. 38 and 39, the integrated combustor nozzle 100 further
includes a mounting tenon or root 254 disposed along the outer surface 190 of the
inner liner segment 106 proximate the upstream end 112 of the integrated combustor
nozzle 100. In particular embodiments, as shown in FIG. 38, a separate mounting
tenon 254 may be disposed along and/or attached to the outer surface 180 of the outer
liner segment 108 proximate the upstream end 112 of the integrated combustor nozzle
100, instead of, or in addition to, the mounting tenon 254 attached to the inner liner
segment 106. In particular embodiments, the mounting tenon 254 (whether on the
inner liner segment 106 or the outer liner segment 108 or both) may have a dovetail or
fir tree shape.

[00169] FIG. 40 provides a perspective view of a portion of the segmented annular
combustion system 36, according to one embodiment of the present disclosure. FIG.
41 provides a cross-sectioned side view of the portion of the segmented annular
combustion system 36 shown in FIG. 40, according to one embodiment. As shown in
FIGS. 40 and 41 collectively, the segmented annular combustion system 36 may be

mounted to the outer mounting ring 226 and to the inner mounting ring 230.
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[00170]  As shown in FIGS. 40 and 41 collectively, inner slots 256 and outer slots
258 are provided and/or defined on vertical face portions 260, 262 of the inner
mounting ring 230 and the outer mounting ring 226 respectively, for receiving the
inner hooks 228 and the outer hooks 252, respectively. As mentioned above, the
inner hooks 228 and the outer hooks 252 may be oppositely disposed or extend in
opposite axial directions. An inner slot cover 264 may cover or secure the inner
hooks 228 within the inner slots 256. The inner slot cover 264 may be bolted or
otherwise joined to the inner mounting ring 230 to secure the inner hooks 228 into
place. An outer slot cover 266 may cover or secure the outer hooks 252 within the
outer slots 258. The outer slot cover 266 may be bolted or otherwise joined to the
outer mounting ring 226 to secure the outer hooks 252 into place.

[00171] In various embodiments (shown in FIG. 41), the mounting tenon 254 on
the inner liner segment 106 may be installed within a tenon mount 269, which
includes a slot 270 shaped to receive the mounting tenon 254. In turn, the tenon
mount 269 may be joined, via a mechanical fastener 272 (such as a bolt or pin), to an
inner forward mounting ring 268. FIG. 42 provides a cross-sectioned downstream
perspective view of an exemplary tenon 254 mounted within the mounting flange slot
270, according to at least one embodiment of the present disclosure.

[00172] In particular embodiments, as shown in FIG. 42, a damper 274 (such as a
spring, spring seal, or damping mesh material) may be disposed within each slot 270
between the slot walls and the tenon 254. The damper(s) 274 may reduce wear and
improve the mechanical life and/or performance of the tenon 254 over time by
reducing vibrations at that joint or interface.

[00173] The various embodiments of the segmented annular combustion system
36, particularly the integrated combustor nozzles 100 in combination with the fuel
injection modules 300 described and illustrated herein, provide various enhancements
or improvements to the operations and turndown capability over conventional annular
combustion systems. For example, during start-up of the segmented annular
combustion system 36, the igniters 364 ignite the fuel and air mixture flowing from
the outlets 328 of the tubes 322 of the plurality of tubes 322. As power needs

increase, fuel to some portion or all of the fuel injection lances 304 supplying the fuel
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injection panels 110 may be turned on simultaneously or sequentially until each fuel
injection panel 110 is fully operational.

[00174] To reduce power output, the fuel flowing to some portion or all of the fuel
injection lances 304 may be throttled down simultaneously or sequentially, as desired.
When it becomes desirable or necessary to turn off some of the fuel injection panels
110, the fuel injection lances 304 of every other fuel injection panel 110 may be shut
off, thereby minimizing any disturbance to the turbine operation.

[00175] Depending on the particular configurations of the fuel injection modules
300, the fuel injection lances 304 feeding the suction side premixing channels 134
may be turned off, while fuel to the fuel injection lances 304 feeding the pressure side
premixing channels 132 continues. Depending on the particular configurations of the
fuel injection modules 300, the fuel injection lances 304 feeding the pressure side
premixing channels 132 may be turned off, while fuel to the fuel injection lances 304
feeding the suction side premixing channels 134 continues. Depending on the
particular configurations of the fuel injection modules 300, the fuel injection lances
304 feeding every other fuel injection panel 110 may be turned off, while fuel to the
fuel injection lances 304 feeding alternate fuel injection panels 110 continues.
[00176] In particular embodiments, fuel may be shut off to the radially inner (or
first) subset 340 of fuel injection lances 304, or fuel may be shut off to the radially
outer (or second) subset 344 of fuel injection lances 304 of one or more of the fuel
injection panels 100. In particular embodiments, fuel to the first subset 340 of fuel
injection lances 304 or fuel to the second subset 344 of fuel injection lances 304 of
one or more of the fuel injection panels 100 may be shut off in an alternating pattern
(radially inner/radially outer/radially inner/etc.) until all of the fuel injection lances
304 are turned off, and only the bundled tube fuel nozzle portions 302 are fueled. In
other embodiments, various combinations of fueled and unfueled fuel lances 304 and
bundled tube fuel nozzle portions 302 may be used to achieve the desired level of
turndown.

[00177] While reference has been made throughout the present disclosure and in
the accompanying Figures to a fuel injection module 300 with individual fuel lances
304, it is contemplated that the fuel lances 304 may be replaced by a fuel manifold in

the fuel injection module 300 that interfaces with the premixing channels 132, 134 or
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by a fuel manifold located within the fuel injection panel 110 that delivers fuel to the
premixing channels 132, 134. It is further contemplated that the fuel manifold may be
located toward the aft end of the fuel injection panel 110, such that the fuel (or fuel-
air mixture) cools the aft end of the fuel injection panel 110 before being introduced
through the outlets 126, 128.

[00178] It is to be understood that fuel may be supplied to one or more of the fuel
injection panels 110 and/or to one or more fuel injection modules 300 of the
segmented annular combustion system 36 during various operational modes of the
combustor. It is not required that each circumferentially adjacent fuel injection panel
110 or circumferentially adjacent fuel injection module 300 be supplied with fuel or
fired simultaneously. Thus, during particular operational modes of the segmented
annular combustion system 36, each individual fuel injection panel 110 and/or each
fuel injection module 300 or random subsets of the fuel injection panels 110 and/or
random subsets of the fuel injection modules 300 may be brought on-line (fueled) or
shut off independently and may have similar or different fuel flow rates so as provide
operational flexibility for such operational modes as start-up, turndown, base-load,
full-load and other operational conditions.

[00179] This written description uses examples to disclose the invention, including
the best mode, and to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they include structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal language of the

claims.
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WHAT IS CLAIMED IS:

1. A combustor nozzle, comprising:
an inner liner segment;
an outer liner segment radially spaced from the inner liner segment;
and
a fuel injection panel that extends radially between the inner liner
segment and the outer liner segment, the fuel injection panel including a
forward end portion, an aft end portion, a first side wall, a second side wall, a
plurality of premixing channels defined between the first side wall and the
second side wall, and a plurality of injection outlets defined along at least one
of the first side wall and the second side wall;
wherein each injection outlet of the plurality of injection outlets is in
fluid communication with a respective premixing channel of the plurality of
premixing channels; and
wherein the aft end portion of the fuel injection panel defines a turbine
nozzle.
2. The combustor nozzle as in claim 1, wherein the first side wall is a pressure
side wall, and the second side wall is a suction side wall.
3. The combustor nozzle as in claim 2, wherein the plurality of injection outlets
comprises a plurality of suction side injection outlets radially spaced along the suction
side wall, the plurality of suction side injection outlets defining a radial injection
plane downstream of the forward end portion of the fuel injection panel, and wherein
each suction side injection outlet is in fluid communication with a respective
premixing channel of the plurality of premixing channels.
4. The combustor nozzle as in claim 2, wherein the plurality of injection outlets
comprises a plurality of pressure side injection outlets radially spaced along the
pressure side wall, the plurality of pressure side injection outlets defining a radial
injection plane downstream of the forward end portion of the fuel injection panel, and
wherein each pressure side injection outlet is in fluid communication with a respective

premixing channel of the plurality of premixing channels.

46



WO 2017/165611 PCT/US2017/023751

5. The combustor nozzle as in claim 1, wherein the plurality of injection outlets
comprises a plurality of suction side injection outlets radially spaced along the suction
side wall in a first radial plane and a plurality of pressure side injection outlets
radially spaced along the pressure side wall in a second radial plane, and wherein each
suction side injection outlet and each pressure side injection outlet is in fluid
communication with a respective premixing channel of the plurality of premixing
channels.

6. The combustor nozzle as in claim 5, wherein the first radial plane is axially
offset from the second radial plane.

7. The combustor nozzle as in claim 2, further comprising a premix air plenum
defined between the pressure side wall and the suction side wall, wherein each
premixing channel of the plurality of premixing channels is in fluid communication
with the premix air plenum.

8. The combustor nozzle as in claim 2, further comprising a partition that extends
within the fuel injection panel between an inner surface of the pressure side wall and
an inner surface of the suction side wall, wherein the partition at least partially defines
a cooling air cavity within the fuel injection panel.

0. The combustor nozzle as in claim 8, wherein the partition defines a plurality of
apertures, wherein the plurality of apertures provide for cooling air flow through the
partition into or out of the cooling air cavity.

10. The combustor nozzle as in claim 1, wherein one or more of the premixing
channels of the plurality of premixing channels includes a straight portion and a
curved portion, and wherein the curved portion is defined proximate to a respective
injection outlet of plurality of injection outlets.

11.  The combustor nozzle as in claim 2, wherein the plurality of premixing
channels is radially stacked within the fuel injection panel between the pressure side
wall and the suction side wall.

12.  The combustor nozzle as in claim 11, wherein the plurality of premixing
channels comprises a plurality of pressure side premixing channels and a plurality of
suction side premixing channels arranged in an alternating radial stack between the

pressure side wall and the suction side wall within the fuel injection panel.
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13.  The combustor nozzle as in claim 12, wherein each pressure side premixing
channel of the plurality of pressure side premixing channels includes a straight portion
and a curved portion that curves towards the pressure side wall, and each suction side
premixing channel of the plurality of suction side premixing channels includes a
straight portion and a curved portion that curves towards the suction side wall.

14. The combustor nozzle as in claim 1, further comprising a thermal shield
extending at least partially across the turbine nozzle of the fuel injection panel.

15. The combustor nozzle as in claim 1, wherein the first side wall is a pressure
side wall and the second side wall is a suction side wall, and wherein the turbine
nozzle comprises a concave pressure side and a convex suction side, the concave
pressure side being integral with the pressure side wall and the convex suction side
being integral with the suction side wall.

16. The combustor nozzle as in claim 1, further comprising a plurality of collars
radially stacked within the panel fuel injector upstream from the plurality or
premixing channels, wherein each respective collar is aligned with a respective
premixing channel of the plurality of premixing channels.

17. The combustor nozzle as in claim 16, wherein the first side wall is a pressure
side wall and the second side wall is a suction side wall, and wherein each collar of
the plurality of collars is connected to at least one of the pressure side wall and the
suction side wall.

18. The combustor nozzle as in claim 16, wherein the fuel injection panel defines
an opening disposed along the forward end portion and aligned with the plurality of
collars, wherein one or more floating collars at least partially surround the opening.
19. The combustor nozzle as in claim 1, wherein the first side wall is a pressure
side wall and the second side wall is a suction side wall, wherein the pressure side
wall varies in thickness between the forward end portion and the aft end portion of the
fuel injection panel, between the outer liner segment and the inner liner segment of
the fuel injection panel, or both.

20. The combustor nozzle as in claim 1, wherein the first side wall is a pressure
side wall and the second side wall is a suction side wall, and wherein the suction side

wall varies in thickness between the forward end portion and the aft end portion of the
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fuel injection panel, between the outer liner segment and the inner liner segment of
the fuel injection panel, or both.

21. The combustor nozzle as in claim 1, wherein an overall panel thickness of the
fuel injection panel varies along at least one of an axial length and a radial span of the
fuel injection panel.

22. The combustor nozzle as in claim 1, wherein the panel fuel injector defines a
cross-fire tube that extends through the pressure side wall and the suction side wall.
23. The combustor nozzle as in claim 22, wherein the cross-fire tube includes a
plurality of purge air holes in fluid communication with a cooling air cavity defined
within the panel fuel injector.

24. The combustor nozzle as in claim 1, wherein the inner liner segment, the outer

liner segment, and the fuel injection panel are formed as a singular body.
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