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(54) COMBUSTION SYSTEM AND METHOD HAVING ANNULAR FLOW PATH ARCHITECTURE

(57) A system 10 including an annular combustor 12
having a first liner wall disposed circumferentially about
an axis, a combustion chamber disposed circumferen-
tially about the first liner wall, and a second liner wall
disposed circumferentially about the combustion cham-
ber. The annular combustor is configured to direct a com-
bustion gas flow in a downstream direction through the
combustion chamber away from a head end toward a

turbine 28. The system also includes a supply passage
configured to supply a fluid flow from a compressor 34
to the combustion chamber. The supply passage has a
flow path architecture having a turning portion that turns
the fluid flow from a compressor discharge direction to
an upstream direction generally opposite the down-
stream direction of combustion gas flow.
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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
gas turbine systems, and more particularly, to an annular
combustor flow path architecture system.
[0002] Gas turbine systems generally include a gas
turbine engine having a compressor section, a combustor
section, and a turbine section. The combustor section
receives and combusts a fuel with an oxidant (e.g., air)
to generate hot combustion gases, which flow into and
drive one or more turbine stages in the turbine section.
Unfortunately, the flow path of the oxidant, the fuel, and/or
a mixture of the oxidant and fuel may incur pressure loses
due to turning, separation, and cross-sectional flow area
changes along the combustor inlet. These pressure loss-
es may reduce the efficiency of the gas turbine engine.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope
with the originally claimed disclosure are summarized
below. These embodiments are not intended to limit the
scope of the claimed disclosure, but rather these embod-
iments are intended only to provide a brief summary of
possible forms of the disclosure. Indeed, the disclosure
may encompass a variety of forms that may be similar
to or different from the embodiments set forth below.
[0004] In a first embodiment, a system includes an an-
nular combustor having a first liner wall disposed circum-
ferentially about an axis, a combustion chamber dis-
posed circumferentially about the first liner wall, and a
second liner wall disposed circumferentially about the
combustion chamber. The annular combustor is config-
ured to direct a combustion gas flow in a downstream
direction through the combustion chamber away from a
head end toward a turbine. The system also includes a
supply passage configured to supply a fluid flow from a
compressor to the combustion chamber. The supply pas-
sage has a flow path architecture having a turning portion
that turns the fluid flow from a compressor discharge di-
rection to an upstream direction generally opposite the
downstream direction of combustion gas flow.
[0005] In a second embodiment, a system includes a
combustor having a combustion chamber disposed cir-
cumferentially about an axis. The combustor is config-
ured to direct a combustion gas flow in a downstream
direction through the combustion chamber away from a
head end toward a turbine. The system also includes a
supply passage configured to supply a fluid flow from a
compressor to the combustion chamber. The supply pas-
sage has a flow path architecture having a turning portion
that turns the fluid flow from a compressor discharge di-
rection to an upstream direction generally opposite the
downstream direction of combustion gas flow. Addition-
ally, the system includes at least one of a baffle, a multi-
state diffuser, or any combination thereof. The baffle in-

cludes a scoop adjacent to a window. The scoop extends
into the supply passage, the window is in fluid commu-
nication with a first passage disposed along a first liner
wall, and the baffle is configured to redirect a portion of
the fluid flow through the first passage in the downstream
direction. The multi-state diffuser includes a first diffuser
positioned upstream of the turning portion and a second
diffuser positioned downstream of the turning portion.
[0006] In a third embodiment, a method includes rout-
ing a combustion gas flow through a combustion cham-
ber of an annular combustor in a downstream direction
away from a head end toward a turbine. The method also
includes routing a fluid flow from a compressor to the
combustion chamber via a supply passage having a flow
path architecture with a turning portion. Routing the fluid
flow includes turning the fluid flow in the turning portion
from a compressor discharge direction to an upstream
direction generally opposite the downstream direction of
combustion gas flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a schematic diagram of an embodiment of
a gas turbine system having a combustor (e.g., an-
nular combustor) with a flow path architecture sys-
tem;

FIG. 2 is a schematic cross-sectional view of an em-
bodiment of a combustor (e.g., annular combustor)
fluidly coupled to the flow path architecture system
of FIG. 1;

FIG. 3 is a schematic cross-sectional view of an em-
bodiment of a gooseneck section, taken with line 3-3
of FIG. 2;

FIG. 4 is a schematic cross-sectional view of an em-
bodiment of an annular baffle, taken with line 4-4 of
FIG. 2;

FIG. 5 is a partial perspective view of an embodiment
of the annular baffle of FIG. 4;

FIG. 6 is a schematic cross-sectional view of an em-
bodiment of a settling chamber of the flow path ar-
chitecture system of FIG. 2;

FIG. 7 is a partial perspective view of an embodiment
of an axial premixer of FIG. 1,

in which the axial premixer is coupled to fuel nozzles
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and a combustor housing;

FIG. 8 is a schematic top view of an embodiment of
the axial premixer of FIG. 7;

FIG. 9 is a partial perspective view of an embodiment
of a flow separator of the flow path architecture sys-
tem of FIG. 2;

FIG. 10 is a flow chart of an embodiment of a method
of operation of the gas turbine system of FIG. 1;

FIG. 11 is a flow chart of an embodiment of a method
of installation of the axial premixer of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0008] One or more specific embodiments of the
present disclosure will be described below. In an effort
to provide a concise description of these embodiments,
all features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure. Furthermore,
top, bottom, upward, downward, upper, lower, or the like
may be construed as relative terms that relate, in context,
to the orientation, position, or location of the various com-
ponents of the disclosure. Indeed, presently disclosed
embodiments may be applicable to any gas turbine sys-
tem having the same or different configuration and/or ori-
entation described above and in detail below.
[0009] When introducing elements of various embod-
iments of the present disclosure, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.
[0010] Embodiments of the present disclosure are di-
rected toward a flow architecture for directing an air flow
to fuel nozzles of a combustor. In certain embodiments,
the flow architecture includes a multi-stage diffuser con-
figured to control and/or regulate at least one parameter
(e.g., pressure, velocity, flow separation) of the air flow.
For example, the multi-stage diffuser may reduce the
pressure drop of the air flow, reduce the velocity of the
air flow, reduce the possibility of flow dispersion/separa-
tion, and/or any combination thereof. In certain embodi-
ments, the multi-stage diffuser may include a gooseneck

section having a substantially equal or converging cross-
sectional flow area (e.g., a substantially equal circumfer-
ence along a direction of flow). A first diffuser may direct
the air flow toward the gooseneck section. In certain em-
bodiments, the cross-sectional flow area changes along
a length of the first diffuser (e.g., the circumference
changes along the direction of flow). During operation,
the gooseneck section may redirect the air flow and sub-
stantially change the direction of the air flow. However,
due to the substantially equal cross-sectional flow area,
the pressure of the air flow may remain substantially con-
stant. In embodiments where the cross-sectional flow is
converging, the pressure of the air flow may be reduced.
In certain embodiments, the flow architecture includes a
settling chamber downstream of the second diffuser. The
settling chamber may be configured to induce mixing of
the air flow and/or stabilize the air flow before entering a
holder (e.g. axial premixer) and/or a premixer. In certain
embodiments, the holder may be positioned within the
settling chamber and coupled to the fuel nozzles. For
example, the holder may extend from the fuel nozzles to
a combustor housing and couple to the combustor hous-
ing. Moreover, in certain embodiments, the holder may
include aerodynamic stems (e.g., stems with airfoil
shaped cross-sections) configured to direct the air flow
toward the fuel nozzles and/or premixers. Accordingly,
the axial premixer may be utilized in combination with
the flow architecture to direct the air flow toward the fuel
nozzles and/or premixers while reducing the possibility
of pressure drop and/or flow separation.
[0011] With the foregoing in mind, FIG. 1 is a schematic
diagram of an embodiment of a gas turbine system 10
having one or more combustors 12 (e.g., annular com-
bustors, combustion cans, can-annular combustors) of
a combustor section. As discussed below, the combus-
tors 12 may include a flow architecture 14 coupled to a
head end section 16 of the combustor 12 to direct an
oxidant (e.g., air), a combustible material (e.g., gaseous
and/or liquid fuel), and/or a mixture of the oxidant and
the combustible material toward a combustion section
18. For example, the flow architecture 14 may include a
passage for the oxidant and separate passages for the
fuel to facilitate mixing at one or more fuel nozzles 20
(e.g., primary fuel nozzles, one or more quaternary in-
jectors or pegs, and/or one or more late lean injectors)
for combustion within the combustion section 18. For ex-
ample, the oxidant flow path may be upstream of the fuel
nozzles 20 while the fuel flow paths direct fuel toward a
pre-mixer and/or into the fuel nozzles 20. However in
other embodiments, the air/fuel mixture may form in the
flow architecture 14, upstream of the fuel nozzles 20.
Accordingly, the air/fuel mixture may be directed into a
combustion chamber 22 of the combustor 12.
[0012] The combustor 12 may represent a single an-
nular combustor, which extends circumferentially around
a rotational axis of the turbine system 10. By further ex-
ample, the combustor 12 may represent a plurality of
combustors (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) spaced
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circumferentially about the rotational axis of the turbine
system 10. In certain embodiments, any number of com-
bustors 12 (e.g., 1 to 20 or more) may be provided in the
turbine system 10. Moreover, in certain embodiments,
the combustors 12 may be can-annular combustors rep-
resenting multiple combustion chambers 22 positioned
circumferentially about an axis. That is, each can-annular
combustor may include a respective combustion cham-
ber. The following discussion is intended to include any
embodiment with a single annular combustor or multiple
combustors.
[0013] The turbine system 10 may use liquid or gase-
ous fuel, such as natural gas and/or a synthetic gas, to
drive the turbine system 10. In the illustrated embodi-
ment, the one or more fuel nozzles 20 intake a supply of
fuel 24 (e.g., a liquid fuel supply, a gaseous fuel supply,
a liquid/gas mixture fuel supply). Each of the one or more
combustors 12 includes one or more fuel nozzles 20 (e.g.,
1, 2, 3, 4, 5, 6, or more). Examples of the fuel 24 include,
but are not limited to, hydrocarbon based liquid fuels,
such as diesel fuel, jet fuel, gasoline, naphtha, fuel oil,
liquefied petroleum gas, and so forth. Moreover, the fuel
24 may include a hydrocarbon based gaseous fuel, such
as natural gas, synthetic gas, or the like. In the illustrated
embodiment, the turbine system 10 may route the fuel
24 along a fuel path 26 upstream of the fuel nozzles 20.
In certain embodiments, the fuel nozzles 20 may include
premix fuel nozzles and/or diffusion flame fuel nozzles.
For example, the fuel nozzles 20 may premix the fuel 24
with oxidant (e.g., air) to generate a premix flame (e.g.,
premix within the flow architecture 14, premix upstream
of the fuel nozzles 20) and/or separately flow the fuel 24
and oxidant into the combustors 12 to generate a diffu-
sion flame. For example, as described above, the flow
architecture 14 may include separate passages to direct
the fuel 24 toward the fuel nozzles 20.
[0014] The fuel 24 combusts with oxidant (e.g., air) in
the combustion chamber 22 within each combustor 12,
thereby creating hot pressurized exhaust gases. The
combustors 12 direct the exhaust gases through a turbine
or turbine section 28 toward an exhaust outlet 30. The
turbine section 28 may include one or more turbine stag-
es (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more), each having
a plurality of turbine blades coupled to a turbine rotor and
shaft 32. As the exhaust gases pass through the turbine
28, the gases force the turbine blades to rotate the shaft
32 along a rotational axis of the turbine system 10. As
illustrated, the shaft 32 is connected to various compo-
nents of the turbine system 10, including a compressor
or compressor section 34. The compressor section 34
may include one or more compressor stages (e.g., 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, or more), each having a plurality of
compressor blades coupled to a compressor rotor and
shaft (e.g., the shaft 32). As the shaft 32 rotates, the
blades within the compressor 34 also rotate, thereby
compressing oxidant (e.g., air) from an oxidant intake
(e.g., air intake 36) through the compressor 34 and into
the fuel nozzles 20 and/or combustors 12. The shaft 32

may also be connected to a load 38, which may be a
vehicle or a stationary load, such as an electrical gener-
ator in a power plant or a propeller on an aircraft, for
example. The load 38 may include any suitable device
capable of being powered by the rotational output of the
turbine system 10.
[0015] In the following discussion, reference may be
made to an axial direction or axis 50 (e.g., a longitudinal
axis) of the combustor 12, a radial direction or axis 52
that extends radially relative to the axis 50 of the com-
bustor 12, and a circumferential direction or axis 54 that
extends circumferentially about the axis 50 of the com-
bustor 12. As discussed in detail below, in certain em-
bodiments, the one or more combustors 12 may be cant-
ed or angled relative to the longitudinal axis 50. For ex-
ample, with a single annular combustor 12 or a plurality
of can-annular combustors 12, a longitudinal axis of each
combustor 12 may be positioned at an angle with respect
to the longitudinal axis 50. Positioning the combustor 12
at an angle may increase the residence time of the air/fuel
mixture within the combustion chamber 22. Moreover,
the longer residence time during combustion may enable
the canted can-annular combustor to burn out CO, there-
by reducing emissions. As discussed below, the com-
bustor 12 may be coupled to the flow architecture 14 to
direct air and/or fuel toward the combustion chamber 22.
For example, the flow architecture 14 may be in fluid com-
munication with a head end chamber 56 (e.g., annular
head end chamber) and a compressor discharge cham-
ber from the compressor 34, thereby routing a com-
pressed gas flow (e.g., compressed oxidant such as air)
through the flow architecture 14 along the combustor 12
(e.g., for cooling purposes), through a head end chamber
56, and into the combustion chamber 22 (e.g., through
the fuel nozzles 20) for purposes of combustion. In certain
embodiments, the fluid flow through the flow architecture
14 and the head end chamber 56 (e.g., upstream of the
fuel nozzles 16) may include or exclude any one or more
of an oxidant (e.g., air, oxygen, oxygen-enriched air, ox-
ygen-reduced air, etc.), exhaust gas recirculation (EGR)
gas, steam, inert gas (e.g., nitrogen), and/or some
amount of fuel (e.g., secondary fuel injection upstream
of fuel nozzles 20).
[0016] In embodiments where the one or more com-
bustors 12 are can-annular combustors, the flow archi-
tecture 14 may be disposed circumferentially about at
least one wall defining a boundary of the combustor 12,
such as a first wall 58 (e.g., a combustion liner, an annular
first wall) disposed circumferentially about the combus-
tion chamber 22 and/or at least a portion of the head end
chamber 56. The flow architecture 14 also may be bound-
ed by a second wall 60 (e.g., a flow sleeve, an annular
second wall) disposed circumferentially about the first
wall 58. The second wall 60 also may be disposed cir-
cumferentially about the head end chamber 56 of the
head end section 16.
[0017] However, in embodiments where the one or
more combustors 12 are annular combustors, an inner
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first wall 58a (e.g., an inner annular first wall) and an
outer first wall 58b (e.g., an outer annular first wall) may
be disposed circumferentially about the combustion
chamber 22 and/or at least a portion of the head chamber
56. Moreover, an inner second wall 60a (e.g., an inner
annular second wall) and an outer second wall 60b (e.g.,
an outer annular second wall) may be disposed circum-
ferentially about the inner first wall 58a and the outer first
wall 58b. As a result, the flow architecture 14 may be
disposed circumferentially about at least one wall (e.g.,
the inner first wall 58a, the outer first wall 58b, the inner
second wall 60a, the inner second wall 60b) defining a
boundary of the combustor 12.
[0018] For example, in the illustrated embodiment, the
combustor 12 is an annular combustor extending circum-
ferentially about the rotational axis 50 of the turbine sys-
tem 10, and thus each of the illustrated structures of the
combustor 12 may have an annular shape relative to the
axis 50. For example, the head end chamber 56, the wall
58 (e.g., combustion liner), the wall 60 (e.g., flow sleeve),
the combustion chamber 22, and other associated struc-
tures and flow paths generally extend circumferentially
about the rotational axis 50, and may have an annular
shape. In the illustrated embodiment, the combustion lin-
er or wall 58 includes an inner wall portion 58a (e.g., inner
annular liner) extending circumferentially about the rota-
tional axis 50, and an outer wall portion 58b (e.g., outer
annular liner) extending circumferentially about the rota-
tional axis 50, the combustion chamber 22, and the inner
wall portion 58a. Likewise, in the illustrated embodiment,
the flow sleeve or wall 60 includes an inner wall portion
60a (e.g., inner annular flow sleeve) extending circum-
ferentially about the rotational axis 50, and an outer wall
portion 60b (e.g., outer annular flow sleeve) extending
circumferentially about the rotational axis 50, the com-
bustion chamber 22, and the inner wall portion 60a.
[0019] In the illustrated embodiment, the flow architec-
ture 14 is coupled to at least one of the walls (e.g., the
first wall 58 or the second wall 60) defining the boundary
of the combustor 12. For example, the flow architecture
14 is disposed about and/or proximate to the head end
chamber 56. However, in other embodiments, the flow
architecture 14 may be positioned circumferentially
about the combustion section 18. For example, the flow
architecture 14 may direct the air from the air intake 36
in an upstream direction 62 opposite a downstream di-
rection of combustion 64 (e.g., a combustion flow path)
to facilitate cooling of the combustion section 18. More-
over, in other embodiments, the flow architecture 14 may
include ports and/or recesses to direct the air about the
first wall 58 and/or the second wall 60 and in the direction
of combustion 64, thereby further facilitating cooling of
the combustion section 18. Furthermore, the flow archi-
tecture 14 is positioned proximate a first axial end 66
(e.g., upstream) of the combustor 12 and may extend a
first axial length 68 of a combustor axial length 70 of the
combustor 12 toward a second axial end 72 (e.g., down-
stream).

[0020] The turbine system 10 also may have a variety
of monitoring and control equipment associated with the
combustor 12, the flow architecture 14, or the like. In the
illustrated embodiment, the turbine system 10 may in-
clude one or more sensors 74 to monitor the combustion
process, oxidant flow, fuel flow, turbine speed, compres-
sor feed, combustor temperature, combustion dynamics,
acoustic noise, vibration, gas composition, and/or ex-
haust emission (e.g., carbon oxides such as carbon mon-
oxide (CO), nitrogen oxides (NOx), sulfur oxides (SOx),
unburn fuel, residual oxygen, etc.) or a variety of other
parameters of operation of the turbine system 10. The
sensors 74 may be configured to send signals to a con-
troller 76 (e.g., an electronic controller). In the illustrated
embodiment, the controller 76 includes a memory 78 and
a processor 80. The memory 78 may be a mass storage
device, a FLASH memory device, removable memory,
or any other non-transitory computer-readable medium
(e.g., not only a signal). Additionally and/or alternatively,
the instructions may be stored in an additional suitable
article of manufacture that includes at least one tangible,
non-transitory computer-readable medium that at least
collectively stores these instructions or routines in a man-
ner similar to the memory 78 as described above. The
controller 76 may be configured to receive signals from
the sensors 74 indicative of operating parameters of the
gas turbine system 10 (e.g., temperature, pressure, fu-
el/air ratio, acoustics, vibration). The signals may be eval-
uated by the processor 80 utilizing instructions stored on
the memory 78. Additionally, the controller 76 may send
signals to various components of the gas turbine system
10 (e.g., the air intake 30, the combustor 12, fuel valves,
fuel pumps, fuel nozzles, etc.) to adjust operating condi-
tions of the gas turbine system 10 based on the signals
received from the sensors 74.
[0021] FIG. 2 is a schematic cross-sectional view of an
embodiment of the combustor 12 in which the flow archi-
tecture 14 is positioned proximate the first axial end 66.
As shown, the combustor 12 in the illustrated embodi-
ment is positioned at a first angle 90 between a combus-
tor axis 92 and the longitudinal axis 50. For example, the
first angle 90 may be approximately 10 degrees, approx-
imately 20 degrees, approximately 30 degrees, approx-
imately 40 degrees, approximately 50 degrees, approx-
imately 60 degrees, approximately 70 degrees, approx-
imately 80 degrees, or any other reasonable angle. More-
over, the first angle 90 may be between 10 degrees and
30 degrees, between 30 degrees and 50 degrees, be-
tween 50 degrees and 70 degrees, or any other reason-
able range. In the illustrated embodiment, the first angle
90 is acute. As described above, by positioning the com-
bustor 12 in a canted position 94, the resonance time for
combustion may be increased, thereby improving effi-
ciency of the combustor 12 (e.g., increasing and/or im-
proving CO burn out).
[0022] In the illustrated embodiment, air from the com-
pressor 34 is directed toward a pre-diffuser 96 (e.g., an
annular pre-diffuser). For example, the pre-diffuser 96
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includes an inlet port 98 configured to direct the air into
a first diffuser 100. In certain embodiments, the first dif-
fuser 100 is formed by a gradually diverging annular pas-
sage. That is, the circumference of the first diffuser 100
(e.g., the cross-sectional flow area) may increase in a
direction of the air flow. For example, the cross-sectional
flow area at an outlet of the first diffuser 100 may be fifty
percent larger than the cross-sectional flow area of an
inlet of the first diffuser 100, one hundred percent larger
than the cross-sectional flow area of an inlet of the first
diffuser 100, two hundred percent larger than the cross-
sectional flow area of an inlet of the first diffuser 100, or
any suitable percentage larger than the cross-sectional
flow area of an inlet of the first diffuser 100. As such, the
first diffuser 100 may be configured to modify, regulate,
and/or control at least one parameter (e.g., pressure, ve-
locity, mixing) of the air entering the pre-diffuser 96. For
example, the first diffuser 100 may reduce the velocity
of the air flow, reduce the possibility of flow separation,
or the like. Additionally, at least a portion of the first dif-
fuser 100 is defined by a first diffuser length 102. In certain
embodiments, the first diffuser 100 is canted (e.g., an-
gled) relative to the longitudinal axis 50. That is, a first
diffuser axis 104 is positioned at a second angle 106
relative to the longitudinal axis 50. The second angle 106
may be approximately 5 degrees, approximately 10 de-
grees, approximately 15 degrees, approximately 20 de-
grees, or any suitable angle. In certain embodiments,
positioning the first diffuser 100 at the second angle 106
may decrease the possibility of flow separation. As a re-
sult, the at least one parameter of the air flow may be
controlled as the air flow is directed to the fuel nozzles 20.
[0023] In the illustrated embodiment, the first diffuser
100 includes a first end 108 positioned proximate to the
inlet port 98 and a second end 110, opposite the first end
108, along the first diffuser length 102. As shown in FIG.
2, the first end 108 includes a first cross-sectional flow
area 112 (e.g., first annular cross-sectional flow area)
and the second end 110 includes a second cross-sec-
tional flow area 114 (e.g., second annular cross-sectional
flow area). The cross-sectional flow areas 112, 114 may
be annular, ovular, polygonal, or the like. In the illustrated
embodiment, the first cross-sectional flow area 112 is
smaller than the second cross-sectional flow area 114.
As a result, the velocity of the air may decrease as the
air flow moves along the first diffuser length 102. While
first cross-sectional flow area 112 is smaller than the sec-
ond cross-sectional flow area 114 in the illustrated em-
bodiment, in other embodiments the first cross-sectional
flow area 112 may be substantially equal to the second
cross-sectional flow area 114. Moreover, while the first
diffuser 100 is substantially symmetrical about the first
diffuser axis 104 in the illustrated embodiment, in other
embodiments the first diffuser 100 may be eccentric
about the first diffuser axis 104.
[0024] As described above, the flow architecture 14
may be utilized with annular combustors 12. In certain
embodiments, the first diffuser 100 may include an inner

architecture annular wall 116 (e.g., an inner architecture
wall) and an outer architecture annular wall 118 (e.g., an
outer architecture wall). The inner architecture annular
wall 116 and the outer architecture annular wall 118 may
form the annular passage of the first diffuser 100 and
direct the air flow toward the combustion chamber 22.
Moreover, in certain embodiments, the inner architecture
annular wall 116 and the outer architecture annular wall
118 may extend circumferentially about the combustor
axis 92. It will be appreciated that the inner architecture
annular wall 116 and the outer architecture annular wall
118 may extend along a length of the flow architecture
114 from the inlet port 98 to the fuel nozzles 20.
[0025] As the air flow enters the inlet port 98 and flows
through the first diffuser 100, the air flow is configured to
exit the first diffuser 100 at the second send 110 and
enter a gooseneck section 120 (e.g., an annular goose-
neck section, a generally turning flow path) at a first
gooseneck end 122 positioned proximate and fluidly cou-
pled with the second end 110. As described above, in
embodiments where the combustor 12 is an annular com-
bustor 12, the gooseneck section 120 may be formed by
the inner architecture wall 116 and the outer architecture
wall 118. As shown, a curved portion 124 of the goose-
neck section 120 is configured to redirect at least a por-
tion of the air flow in the direction 62 (e.g., substantially
opposite the direction of combustion 64) to a second
gooseneck end 126. The is, the gooseneck section 120
is configured to change the direction of flow of at least a
portion of the air flow approximately 180 degrees, ap-
proximately 170 degrees, approximately 160 degrees,
approximately 150 degrees, approximately 140 degrees,
approximately 130 degrees, approximately 120 degrees,
approximately 110 degrees, approximately 100 degrees,
approximately 90 degrees, or any other suitable angle.
Accordingly, the air flow through the flow architecture 14
may cool the combustion chamber 22 as the air flow is
directed toward the fuel nozzles 20, because the goose-
neck section 120 directs the air flow along the combustion
section 18. In the illustrated embodiment, the curved por-
tion 124 of the gooseneck section 120 has a substantially
constant third cross-sectional flow area 128. In other
words, the third cross-sectional flow area 128 is substan-
tially constant along a length 129 of the gooseneck sec-
tion 120. As a result, the velocity of the air flow may re-
main substantially constant as the air flow flows through
the curved portion 124. However, in other embodiments,
the third cross-sectional flow area 128 may increase or
decrease along the curved portion 124. In other words,
the third cross-sectional flow area 128 may converge
(e.g., decrease) from the first gooseneck end 122 to the
second gooseneck end 126. Additionally, the third cross-
sectional flow area 128 may diverge (e.g., increase) from
the first gooseneck end 122 to the second gooseneck
end 126.
[0026] In the illustrated embodiment, the second
gooseneck end 126 is positioned proximate and fluidly
coupled to a second diffuser 130 (e.g., second annular
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diffuser). In embodiments where the combustor 12 is an
annular combustor, the second diffuser 130 is formed by
the inner architecture annular wall 116 and the outer ar-
chitecture annular wall 118. The second diffuser 130 is
configured to receive the air flow from the gooseneck
section 120 and enable expansion and/or mixing of the
air flow in substantially the upstream direction 62. As
shown, the second diffuser 130 is disposed circumferen-
tially about the head end section 16 of the combustor 12.
In other words, the second diffuser 130 may comprise
an annular cavity about the head end section 16 to enable
expansion of the air flow. To this end, expansion may
facilitate mixing of the air flow as the air flow is directed
in the upstream direction 62. Moreover, in other embod-
iments, the second diffuser 130 may decrease the veloc-
ity of the air flow (e.g., by increasing the cross-sectional
flow area). Furthermore, the second diffuser 130 may
reduce the possibility of flow separation by enabling ex-
pansion of the air flow in the upstream direction 62. As
will be appreciated, in certain embodiments, the first and
second diffusers 100, 130 may be incorporated into the
pre-diffuser 96. That is, the pre-diffuser 96 may include
the first diffuser 100, gooseneck section 120, and the
second diffuser 130 to reduce the possibility of flow sep-
aration and prepare the air flow for mixing with fuel in the
fuel nozzles 20. However, in other embodiments, the pre-
diffuser 96 may include only the first diffuser 100 and the
gooseneck section 120.
[0027] As shown in FIG. 2, an annular baffle 132 is
positioned circumferentially about the combustion cham-
ber 22 proximate the head end section 16. For example,
the annular baffle 132 extends circumferentially about
the combustor axis 92 of the combustion section 18. In
the illustrated embodiment, the annular baffle 132 is con-
figured to align with the second wall 60 and the first wall
58 to direct at least a portion of the air flow into a gap
134 (e.g., an annular gap) between the first and second
walls 58, 60. As will be described below, the annular baf-
fle 132 may be configured to direct at least a portion of
the air flow into the gap 134 to cool first and second walls
58, 60. For example, the annular baffle 132 may include
a scoop 136 configured to extend into the second diffuser
130 and/or the gooseneck section 120 to redirect at least
a portion of the air flow toward the gap 134 via windows
138. For example, the scoop 136 may form a cavity or
gap between the scoop 136 and the second wall 60. As
shown in the illustrated embodiment, the scoop 136 is
positioned in a generally upstream direction 62 to receive
the air flow as the air flow travels in the upstream direction
62. As a result, the scoop 136 is configured to turn and/or
direct the air flow toward the window 138. While the an-
nular baffle 132 is positioned proximate the second
gooseneck end 126 of the gooseneck section 120 in the
illustrated embodiment, in other embodiments the annu-
lar baffle 132 may be positioned proximate the curved
portion 124, within the second diffuser 130, or at any
other suitable location to facilitate cooling of the combus-
tion chamber 22.

[0028] In the illustrated embodiment, a settling cham-
ber 140 receives the air flow from the second diffuser
130. As shown, the settling chamber 140 extends a first
axial distance 142 in the direction 62. The first axial dis-
tance 142 is configured to position the settling chamber
140 a farther distance from the fuel nozzles 20 than the
second diffuser 130. Accordingly, the combustor axial
length 70 may be extended due to the settling chamber
140. The settling chamber 140 is configured to reduce
the possibility of flow separation by facilitating mixing and
stabilization of the air flow before the air flow enters the
fuel nozzles 20. For example, the air flow may enter the
settling chamber 140 before being directed toward the
fuel nozzles 20. That is, the air flow may flow in the up-
stream direction 62 and turn to flow substantially perpen-
dicular to the combustor axis 92 (e.g., radially relative to
the combustor axis 92) in a crosswise direction. Moreo-
ver, the air flow may be directed to turn and flow in the
downstream direction of combustion 64. As used herein,
turn may be used to refer to changing the direction of the
air flow by between 5 degrees and 180 degrees. In the
illustrated embodiment, the settling chamber 140 is an
annular cavity extending circumferentially about a holder
144 (e.g., fuel nozzle holder) coupled to the fuel nozzles
20. Moreover, in certain embodiments, the fuel nozzles
20 may be integrally formed with the holder 144. Addi-
tionally, in other embodiments, the settling chamber 140
is an annular cavity extending circumferentially about the
combustor axis 92 or the longitudinal axis 50. As will be
described below, in certain embodiments, the settling
chamber 140 directs the air flow toward the holder 144
to facilitate mixing the air flow with the fuel 24. Moreover,
in certain embodiments, 1, 2, 3, 4, 5, 10, 20, 30 or any
suitable number of fuel nozzles 144 may be circumfer-
entially spaced about the combustor 12 (e.g., about the
longitudinal axis 50, about the combustor axis 92) to di-
rect air and/or the fuel 24 toward the fuel nozzles 20.
[0029] Furthermore, as shown in FIG. 2, the second
wall 60, 60b may include an arm 146 positioned in the
downstream direction of combustion 64. For example, in
embodiments where the combustor 12 is an annular com-
bustor, the arm 146 may be coupled to the outer second
wall 60b (e.g., outer flow path sleeve). As a result, the
arm 146 may be configured to direct an air flow portion
148 toward the gap 134 between the outer first wall 58b
and the outer second wall 60b to facilitate cooling of the
first and second outer walls 58b, 60b. However, in em-
bodiments where the combustor 12 is a can-annular com-
bustor, the arm 146 may be coupled to the second wall
60. As a result, the arm 146 may be configured to direct
the air flow portion 148 toward the gap 134 between the
first wall 58 and the second wall 60 to facilitate cooling
of the first and second walls 58, 60. In the illustrated em-
bodiment, the arm 146 is an extension of the outer second
wall 60b positioned proximate to the annular baffle 132.
In certain embodiments, the arm 146 may extend circum-
ferentially about the longitudinal axis 50. However, in oth-
er embodiments, the arm 146 may extend circumferen-
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tially about the combustor axis 92, thereby forming an
annular passage to direct the air flow into the gap 134.
Moreover, in certain embodiments, the scoop 136 may
be positioned within the annular passage formed by the
arm 146 and the outer first wall 58b.
[0030] FIG. 3 is a schematic cross-sectional view of
the gooseneck section 120 taken with line 3-3 of FIG. 2.
As described above, the curved portion 124 has a sub-
stantially equal (e.g., a substantially constant circumfer-
ence in the direction of flow) third cross-sectional flow
area 128 to reduce the possibility of pressure drop as the
air flow is directed toward the fuel nozzles 20. In the il-
lustrated embodiment, the curved portion 124 includes
one or more passages 150 fluidly coupled to a chamber
152 (e.g., annular chamber) positioned circumferentially
about the combustion chamber 22. In certain embodi-
ments, the one or more passages 150 may be spaced
circumferentially about the annular curved portion 124
(e.g., circumferentially about the combustor axis 92, cir-
cumferentially about the longitudinal axis 50). The pas-
sage 150 is configured to receive at least a portion of the
air flow, as represented by an arrow 154, while a remain-
der of the air flow, represented by an arrow 156, flows
toward the second diffuser 130. The air flow 156 in the
chamber 152 may energize the boundary layer (e.g., en-
ergize the air flowing over the low pressure side of the
second wall 60) and/or relieve pressure build up in the
curved portion 124, thereby enabling flow of the air flow
to the fuel nozzles 20. In certain embodiments, the pas-
sage 150 may be an annular opening extending along
the annular path of the curved portion 124. Moreover, in
other embodiments, the one or more passages 150 may
be equally spaced along the curved portion 124. As will
be appreciated, the passage 150 may be generally cir-
cular in shape. Furthermore, in other embodiments, the
passage 150 may be rectangular, ovular, arcuate, or any
other suitable shape to enable the air flow 154 to enter
the chamber 152.
[0031] FIG. 4 is a schematic cross-sectional view of
the annular baffle 132, taken within the line 4-4 of FIG.
2. As described above, the scoop 136 is configured to
protrude radially outward from the annular baffle 132 and
into the gooseneck section 120. As a result, the scoop
136 captures and/or redirects at least a portion of the air
flow 156, as represented by an arrow 158. The air flow
158 is directed toward the window 138 and into the gap
134. Furthermore, as the air flow 158 enters the gap 134,
the air flow 158 is directed in the direction of combustion
64. In other words, the cooling air flow in the gap 134 is
substantially opposite the direction of the air flow 156
flowing toward the fuel nozzles 20.
[0032] In the illustrated embodiment, the scoop 136 is
radially spaced from a body portion 160 (e.g., annular
body portion) to form a cavity 162 (e.g., annular cavity)
to receive the air flow 158 before directing the air flow
158 toward the window 138 and into the gap 134. While
the scoop 136 is substantially parallel to the wall 60 in
the illustrated embodiment, in other embodiments the

scoop 136 may be angled with respect to the wall 60.
Moreover, the body portion 160 includes a ridge 164 (e.g.,
annular ridge) positioned downstream of the scoop 136
and the cavity 162. The ridge 164 is configured to bear
against the first wall 58 and radially separate the body
portion 160 from the first wall 58. Accordingly, the ridge
164 may be configured to form a substantially fluid tight
seal against the first wall 58 to direct the air flow 158 in
the downstream direction of combustion 64 along (and
between) the walls 58 and 60. Furthermore, as shown in
FIG. 4, the annular baffle 132 may include a flange or
fastening body 166 (e.g., annular fastening body) posi-
tioned downstream of the ridge 164. The fastening body
166 is configured to couple to a corresponding surface
of the first wall 58 (e.g., via a plurality of fasteners, ad-
hesive, weld, braze, etc.) to rigidly couple the annular
baffle 132 to the second wall 60. Furthermore, the annular
baffle 132 includes an inwardly curved indentation 168
positioned opposite the ridge 164. The indentation 168
is configured to direct (e.g., turn) the air flow 156 to the
second diffuser 130. In other words, the curved surface
of the indentation 168 facilitates flow of the air flow 156
to the second diffuser 130.
[0033] As shown in FIG. 4, the scoop 136 is configured
to overlap and/or extend about at least a portion of the
second wall 60. For example, the scoop 136 may extend
in the downstream direction of combustion 64 from the
ridge 164. Moreover, the scoop 136 extends in the down-
stream direction of combustion 64 such that the scoop
136 overlaps the window 138, in the illustrated embodi-
ment. As a result, the air flow 158 directed toward the
cavity 162 is configured to turn and/or flow toward the
window 138 and into the gap 134.
[0034] FIG. 5 is a partial perspective view of the annular
baffle 132. As described above, the windows 138 are
configured to direct the air flow 158 into the gap 134. In
the illustrated embodiment, the annular baffle 132 in-
cludes a plurality of windows 138 circumferentially
spaced about the combustor axis 92. However, in em-
bodiments where the combustor 12 is an annular com-
bustor, the plurality of windows 138 may be circumfer-
entially spaced about the longitudinal axis 50. In certain
embodiments, the windows 138 (e.g., in wall 60) may be
equally spaced along the annular baffle 132. However,
in other embodiments, the windows 138 may be posi-
tioned such that more air flow 158 is directed toward par-
ticularly selected portions of the gap 134. For example,
more windows 138 may be positioned on a downstream
portion of combustion chamber 22. Moreover, in the il-
lustrated embodiments, the windows 138 are substan-
tially rectangular with rounded edges. However, in other
embodiments, the windows 138 may be circular, oval,
arcuate, polygonal, or any other suitable shape. Moreo-
ver, in certain embodiments, the windows 138 may not
all be the same shape. For example, a portion of the
windows 138 may be substantially rectangular, while an-
other portion of the windows 138 are substantially arcu-
ate. Accordingly, the size, shape, spacing, and number
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of windows 138 utilized to direct the air flow 158 toward
the gap 134 may be particularly selected to accommo-
date operating conditions of the gas turbine system 10.
[0035] FIG. 6 is a schematic cross-sectional view of
the settling chamber 140, taken within line 6-6 of FIG. 2.
As described above, the settling chamber 140 may be
an annular cavity positioned proximate the head end
chamber 56 of the combustor 12. Moreover, the settling
chamber 140 may be configured to enable mixing and/or
settling of the air flow before entering the fuel nozzles
20. That is, the settling chamber 140 may be an elongated
chamber configured to receive the air flow 156 from the
second diffuser 130 before the air flow enters the fuel
nozzles 20 and/or premixers to enable uniform distribu-
tion of the air flow. Accordingly, the possibility of flow
separation and/or pressure drop may be reduced by in-
creasing the duration of time the air flow 156 is in the flow
architecture 14 before entering the fuel nozzles 20 and/or
premixers. In the illustrated embodiment, the holder 144
is positioned within the settling chamber 140 and is sub-
stantially aligned with the combustor axis 92. In certain
embodiments, the holder 144 may not be coaxial with
the combustor axis 92. Moreover, in other embodiments,
the holder 144 may be coaxial with the combustor axis
92. As shown, the holder 144 is coupled to the fuel noz-
zles 20 and/or premixers and extends through a flow sep-
arator 180. As will be described below, the flow separator
180 is an annular plate having openings which enable
the holder 144 to extend through the flow separator 180.
However, in other embodiments, the flow separator 180
may not be included and the holder 144 may couple di-
rectly to the fuel nozzles 20 and/or premixers. Further-
more, in certain embodiments, the fuel nozzles 20 are
integrally formed with the holder 144. Moreover, in other
embodiments, the holder 144 may couple directly to both
the flow separator 180 and the fuel nozzles 20. As will
be described below, the holder 144 may extend through
openings in the flow separator 180 to couple to the fuel
nozzles 20.
[0036] In the illustrated embodiment, the holder 144
includes a first end 182 (e.g., a mounting flange, a con-
nector, a coupling, an enlarged end portion, etc.) coupled
to a combustor housing 184 (e.g., via fasteners). In cer-
tain embodiments, the first end 182 includes a body por-
tion having openings that enable the first end 182 to re-
ceive the fuel nozzles 20 and/or premixers. Moreover,
the combustor housing 184 may include an opening 186
configured to receive the holder 144. To that end, the
holder 144 may be removable and/or replaceable. That
is, the holder 144 may be configured to removably receive
and/or mount the fuel nozzles 20 and/or premixers. How-
ever, as described above, in other embodiments the hold-
er 144 may be integrally formed with the fuel nozzles 20
and/or premixers. In certain embodiments, an operator
may remove the holder 144 from the settling chamber
140 by decoupling the first end 182 from the combustor
housing 184 and lifting a second end 188 (e.g., a recep-
tacle, a fuel nozzle connector, an enlarged end portion)

of the holder 144 through the opening 186. The opening
186 may comprise an opening area 190 formed by a first
opening dimension or length 192 (e.g., extending into or
perpendicular to the page) and a second opening dimen-
sion or width 194. The first opening dimension 192 may
be greater than the second opening dimension 194, such
as 1.5 to 10, 2 to 8, or 3 to 5 times the second opening
dimension 194. To facilitate coupling of the first end 182
to the combustor housing 184, a first end area 196 may
be larger than the opening area 190. In other words, a
first end dimension or width 198 (e.g., extending into or
perpendicular to the page) and a first end dimension or
length 200 may be larger than the first opening dimension
192 and the second opening dimension 194 such that
the first end 182 contacts the combustor housing 184
while the holder 144 is in an installed position 202. Fur-
thermore, the opening area 190 may be larger than a
second end area 204. That is, a second end dimension
or length 206 (e.g., extending into or perpendicular to the
page) and a second end dimension or width 208 com-
prising the second end area 204 may be smaller than the
opening area 190 (e.g., smaller than the first opening
dimension 192 and the second opening dimension 194)
to enable the second end 188 of the holder 144 to pass
through the opening 186 during installation. As such, the
holder 144 may be a removable component that may be
replaced based on the operating conditions of the gas
turbine system 10. For example, as will be described be-
low, the holder 144 may be changed to accommodate
different fuel types, different air/fuel mixtures, or the like.
[0037] As shown in FIG. 6, the holder 144 includes a
neck portion 210 coupling the first end 182 to the second
end 188. As such, the holder 144 may be substantially
H-shaped or I-shaped. A first neck dimension or width
212 (see FIG. 8) and a second neck dimension or length
214 are configured to be smaller than the first end dimen-
sion 198 and the first end dimension 200 to enable in-
stallation of the holder 144 through the opening 186. Ad-
ditionally, in the illustrated embodiment, the second neck
dimension 214 is smaller than the second end dimension
208. For example, the second neck dimension 214 may
be 1.1 to 10, 1.2 to 5, 1.3 to 3, or 1.5 to 2 times smaller
than the first end dimension 198 and/or the second end
dimension 208. As a result, installation and the removal
of the holder 144 may be done through the opening 186.
Moreover, in certain embodiments, the first and second
neck dimensions 212, 214 may be particularly selected
to enable and/or block removal of the holder 144 from
the opening 186. For example, the holder 144 may be
inserted through the opening 186 and then rotated (e.g.,
approximately 90 degrees) such that removal of the hold-
er 144 from the opening 186 is blocked until the holder
144 is rotated again.
[0038] As described above, the holder 144 is config-
ured to direct the fuel 24 to the fuel nozzles 20 and to
facilitate mixing of the air flow and the fuel 24. For exam-
ple, in the illustrated embodiment, the holder 144 in-
cludes fuel passages 216 extending from the first end
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182, through the neck portion 210, to the second end
188, and into the fuel nozzles 20 and/or premixers. In
certain embodiments, the fuel path 26 may couple to the
fuel passages 216 to enable injection of the fuel 24 into
the fuel nozzles 20 and/or premixers for combustion with-
in the combustion chamber 22. As will be described be-
low, the fuel passages 216 may direct to the fuel 24 to a
premixing area 218 (e.g., annular premixing area) to en-
able the fuel 24 and the air flow to combine before en-
tering the fuel nozzles 20.
[0039] In the illustrated embodiment, the flow separa-
tor 180 is positioned within the settling chamber 140.
Moreover, the flow separator 180 may include apertures
220 to enable the holder 144 to extend through the flow
separator 180 and couple to the fuel nozzles 20 and/or
premixers. Furthermore, the flow separator 180 may cou-
ple directly to the holder 144, thereby securing the holder
144 to the fuel nozzles 20 and/or premixers. For example,
the flow separator 180 may include a latching coupling
that couples to the first end 182, the neck portion 210,
and/or the second end 188.
[0040] FIG. 7 is a partial perspective view of the holder
144 coupled to the fuel nozzles 20 and/or premixers. As
described above, the holder 144 includes the first end
182 coupled to the combustor housing 184. Moreover,
the neck portion 210 extends from the first end 182 to
the second end 188. As shown, the second end 188 is
coupled to the fuel nozzles 20 and substantially sur-
rounds the fuel nozzles 20 and/or premixers. In the illus-
trated embodiment, the fuel passages 216 extend from
the first end 182 to the second end 188, thereby enabling
the fuel 24 to enter the fuel nozzles 20 and/or premixers.
In certain embodiments, the fuel passages 216 may di-
rect the same or different types of fuels (e.g., liquid and/or
gaseous fuels) to the fuel nozzles 20 and/or premixers.
While the illustrated embodiment includes four fuel pas-
sages 216, in other embodiments there may be more or
fewer fuel passages 216. For example, there may be 1,
2, 3, 5, 6, 7, 8, 9, 10, or any suitable number of fuel pas-
sages 216.
[0041] During operation, the holder 144 is configured
to direct the fuel 24 to the fuel nozzles 20 for mixing with
at least a portion of the air flow 156. In certain embodi-
ments, the holder 144 may facilitate mixing of the fuel 24
and the air flow 156 by directing the air flow 156 to flow
passages 230 on the fuel nozzles 20. For example, the
neck portion 210 may include stems 232 which are offset
or separated by a gap or void 234 (e.g., intermediate
passage). In other words, the stems 232 are spaced apart
from one another, and may be parallel, converging, or
diverging relative to one another. In certain embodi-
ments, the stems 232 may be cambered (e.g., curved,
bowed, angled) or aerodynamically shaped to facilitate
flow of the air flow 156 to the flow passages 230. For
example, each stem 232 may have an airfoil shaped
cross-section (e.g., a curved outer perimeter) extending
between ends 182 and 188. Accordingly, the air flow 156
entering the settling chamber 140 may be directed toward

the flow passages 230 as the air flow 156 encounters the
stems 232. Moreover, while the illustrated embodiment
includes two stems 232, in other embodiments, there
may be 1, 3, 4, 5, 6, 7, 8, 9, 10, or any suitable number
of stems 232 forming the neck portion 210.
[0042] In the illustrated embodiment, the second end
188 includes fuel nozzle connectors 236 to couple the
holder 144 to the fuel nozzles 20. As shown, the fuel
nozzle connectors 236 include a shell 238 having aper-
tures 240 (e.g., cylindrical bores, receptacles) to receive
the fuel nozzles 20. In certain embodiments, the shell
238 and/or the apertures 240 may include locking mech-
anisms to rigidly couple the second end 188 to the fuel
nozzles 20. For example, the locking mechanisms may
be tongue and groove connectors, interference connec-
tors, threaded fasteners or the like. Accordingly, the hold-
er 144 may be installed through the opening 186 and
coupled to the fuel nozzles 20 via the fuel nozzle con-
nectors 236.
[0043] FIG. 8 is a schematic top view of an embodiment
of the holder 144. As described above, the first end 182
is coupled to the second end 188 via the neck portion
210. In the illustrated embodiment, the neck portion 210
includes the stems 232 having the cambered or aerody-
namic shape (e.g., airfoil shaped cross-section). In other
words, the stems 232 include a curved edge 242 (e.g.,
the perimeter of the airfoil shaped cross-section) config-
ured to facilitate flow through the void 234 and to the fuel
nozzles 20 and/or premixers. In certain embodiments,
the aerodynamic shape may include a curved perimeter
having opposite edges and opposite curved sides. As a
result, the air flow 156 may interact with the curved edge
242 and be directed to the fuel nozzles 20 and/or premix-
ers. Moreover, in the illustrated embodiment, the fuel
passages 216 extend from the first end 182 to the second
end 188 to outlets 244 positioned in the apertures 240.
The outlets 244 may be configured to inject the fuel 24
into the fuel nozzles 20 and/or premixers to enable com-
bustion within the combustion chamber 22.
[0044] As mentioned above the first end dimension 198
(FIG. 7) is larger than the second end dimension 206
(FIG. 7) and the first neck dimension 212 (FIG. 7), in the
illustrated embodiment. Accordingly, the first end 182
may be configured to couple to the combustor housing
184 while the second end 188 and the neck portion 210
extend through the opening 186 to enable the holder 144
to couple to the fuel nozzles 20. Moreover, while the il-
lustrated embodiment includes the second end width 206
substantially equal to the first neck dimension 212, in
other embodiments, the second end dimension 206 may
be larger than the first neck dimension 212, or the second
end dimension 206 may be smaller than the first neck
dimension 212. Moreover, in the illustrated embodiment,
the stems 232 are substantially parallel. However, in oth-
er embodiments, the stems 232 may be diverging or con-
verging. Moreover, the fuel passages 216 may be diverg-
ing or converging toward the second end 188.
[0045] FIG. 9 is a partial perspective view of an em-
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bodiment of the flow separator 180. As described above,
the flow separator 180 is configured to mount to the com-
bustor housing 184 and extend circumferentially about
the combustor axis 92. In certain embodiments, the flow
separator 180 may extend circumferentially about the
longitudinal axis 50. Moreover, in certain embodiments,
the flow separator 180 may be positioned within the set-
tling chamber 140. In the illustrated embodiment, the flow
separator 180 includes slots 260 circumferentially
spaced about the combustor axis 92. However, as de-
scribed above, in certain embodiments the combustor 12
may be an annular combustor where the slots 260 are
circumferentially spaced about the longitudinal axis 50.
The slots 260 may be formed in a flow separator housing
262, which includes a coupling sleeve 264 (e.g., annular
coupling sleeve) and a hub 266 (e.g., annular hub). The
slots 260 are formed in the hub 266 and separated by
arms 268 extending radially from an axial flow path 270
to the separator housing 262. In certain embodiments,
the axial flow path 270 directs flow toward the flow pas-
sages 230 of the fuel nozzles 20 and/or premixers. In
certain embodiments, the axial premixers 144 may be
configured to extend through the slots 260 to couple to
the fuel nozzles 20. For example, the stems 232 may
extend through the slots 260 such that a gap is positioned
about the stems 232. In certain embodiments, the slots
260 may be configured to facilitate common and/or uni-
form flow to the axial premixers 144. That is, the slots
260 may redirect the air flow 156 in the settling chamber
140 toward the axial premixers 144. In the illustrated em-
bodiment, the coupling sleeve 264 includes a first lip 272
(e.g., first annular lip) and a second lip 274 (e.g., second
annular lip) configured to engage the combustor housing
184 to position the flow separator 180 within the settling
chamber 140. As shown, the first and second lips 272,
274 include curved edges configured to flex and/or de-
form in response to the pressure of the air flow 156 within
the settling chamber 140. Moreover, the first and second
lips 272, 274 may be configured to form a substantially
fluid tight seal between the flow separator 180 and the
combustor housing 184, thereby directing the air flow 156
through the slots 260 and/or along the axial flow path 270.
[0046] FIG. 10 is a flow chart of an embodiment of a
method 280 of operation of the gas turbine system 10
utilizing the flow architecture 14. The air flow 156 may
be injected into the first diffuser 100 (block 282). As de-
scribed above, the cross-sectional flow area of the first
diffuser 100 may increase along the first diffuser length
102, thereby controlling at least one parameter (e.g., ve-
locity, pressure, mixing) of the air flow 156. For example,
the first diffuser 100 may decrease the velocity of the air
flow 156 and/or control the pressure of the air flow 156.
In certain embodiments, the air flow 156 subsequently
enters the gooseneck section 120 (block 284). For ex-
ample, the gooseneck section 120 may include the
curved portion 124 configured to redirect the air flow 156
(e.g., change the direction of flow). By redirecting the air
flow 156, the air flow 156 may flow in the direction 62,

substantially opposite the direction of combustion 64 to
enable counter flow cooling of the combustion chamber
22. Furthermore, the air flow 156 may be subsequently
injected into the second diffuser 130 (block 286). In cer-
tain embodiments, the second diffuser 130 is configured
to reduce the possibility of flow separation in the air flow
156. For example, the second diffuser 130 may have a
larger cross-sectional flow area than the curved portion
124, thereby reducing the velocity of the air flow 156 and
controlling the at least one parameter of the air flow 156.
However, in other embodiments, the second diffuser 130
may control other parameters of the air flow 156 (e.g.,
pressure or mixing).
[0047] In certain embodiments, at least a portion of the
air flow 156 is redirected to cool the combustion chamber
22 (block 288). For example, the annular baffle 132 (e.g.,
the scoop 136) may extend into the second diffuser 130
to redirect the air flow 158 into the gap 134 via the window
138. As will be appreciated, the gap 134 may direct the
air flow 158 to flow in the direction of combustion 64 and
facilitate co-current flow cooling of the walls 58, 60. The
remainder of the air flow 156 is directed toward the set-
tling chamber 140 (block 290). In certain embodiments,
the settling chamber 140 is positioned upstream of the
fuel nozzles 20 and/or premixers and enables the air flow
156 to mix and obtain a substantially uniform velocity
before being directed toward the fuel nozzles 20 and/or
premixers (block 292). The fuel nozzles 20 may be con-
figured to receive the air flow 156 and facilitate mixing of
the air flow 156 with the fuel 24 to enable combustion
within the combustion chamber 22. Accordingly, the flow
architecture 14 may be utilized during operation of the
gas turbine system 10 to enable multiple stages of diffu-
sion of the air flow 156 from the air intake 36 to substan-
tially reduce pressure drop, reduce the velocity, or the
like as the air flow 156 is directed toward the fuel nozzles
20 and/or premixers.
[0048] FIG. 11 is a flow chart of an embodiment of a
method 300 for installation of the holder 144. The holder
144 is inserted through the opening 186 of the combustor
housing 184 (block 302). As described above, the second
end 188 of the holder 144 is smaller than the opening
186 (e.g., the second end 188 is sized such that the sec-
ond end 188 may pass through the opening 186). Ac-
cordingly, the holder 144 may be installed and/or re-
moved from the combustor housing 184 without disman-
tling the combustor housing 184. In certain embodiments,
the second end 188 of the holder 144 extends through
the slots 260 of the flow separator 180 (block 304). For
example, the flow separator 180 may be positioned within
the settling chamber 140, such that the slots 260 are
substantially aligned with the fuel nozzles 20 and/or
premixers. The second end 88 of the holder 144 is cou-
pled to the fuel nozzles 20 and/or premixers (block 306).
In certain embodiments, the second end 188 may include
the latching mechanism to rigidly couple the second end
188 to the fuel nozzles 20 and/or premixers. By coupling
the second end 188 to the fuel nozzles 20 and/or premix-
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ers, the fuel passages 216 extending through the holder
144 may be fluidly coupled to the fuel nozzles 20, thereby
enabling fuel to enter the combustion chamber 22. The
first end 182 of the holder 144 is coupled to the combustor
housing 184 (block 308). As described above, the first
end 182 may have a larger area than the opening 186,
thereby enabling the first end 182 to rigidly couple to the
combustor housing 184. The holder 144 may be removed
from the opening 186 (block 310). For example, the first
end 182 may be uncoupled from the combustor housing
184 while the second end 188 is uncoupled from the fuel
nozzles 20. Thereafter, the holder 144 may be removed
from the opening 186. As a result, the holder 144 may
be installed and/or removed from the combustor housing
184 without dismantling the combustor 12.
[0049] As described in detail above, the flow architec-
ture 14 may be utilized to direct the air flow 156 to the
fuel nozzles 20 and/or premixers. The air flow 156 may
enter the first diffuser 100 for conditioning and/or control
of at least one flow parameter. Moreover, the air flow 156
may be redirected through the gooseneck section 120.
In certain embodiments, the air flow 156 enters the sec-
ond diffuser 130 to further condition the at least one flow
parameter. Moreover, at least a portion of the air flow
156 may be redirected to the gap 134 via the window 138
in the annular baffle 132. The air flow 158 in the gap 134
may be utilized to cool the walls 58, 60. The air flow 156
may flow through the second diffuser 130 to the settling
chamber 140. In certain embodiments, the settling cham-
ber 140 is configured to condition the at least one flow
parameter of the air flow 156 to reduce pressure drop
along the flow architecture 14 and/or provide uniform flow
to the fuel nozzles 20. Moreover, as described above,
the holder 144 may be positioned within the settling
chamber 140. In certain embodiments, the holder 144
may include the fuel passages 216 to direct the fuel 24
toward the fuel nozzles 20 and/or premixers. Moreover,
the holder 144 may include the stems 232 having the
curved edges 242 to direct the air flow 156 toward the
fuel nozzles 20. Accordingly, the air flow 156 may be
directed to the fuel nozzles 20 and/or premixers with a
substantially uniform pressure, velocity, and/or compo-
sition.
[0050] This written description uses examples to dis-
close the disclosure and also to enable any person skilled
in the art to practice the disclosure, including making and
using any devices or systems and performing any incor-
porated methods. The patentable scope of the disclosure
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
have structural elements that do not differ from the literal
language of the claims, or if they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral language of the claims.
[0051] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A system comprising:

an annular combustor having a first liner wall
disposed circumferentially about an axis, a com-
bustion chamber disposed circumferentially
about the first liner wall, and a second liner wall
disposed circumferentially about the combus-
tion chamber, wherein the annular combustor is
configured to direct a combustion gas flow in a
downstream direction through the combustion
chamber away from a head end toward a tur-
bine; and

a supply passage configured to supply a fluid
flow from a compressor to the combustion cham-
ber, wherein the supply passage has a flow path
architecture having a turning portion that turns
the fluid flow from a compressor discharge di-
rection to an upstream direction generally oppo-
site the downstream direction of combustion gas
flow.

2. The system of clause 1, wherein the turning portion
comprises a gooseneck portion.

3. The system of any preceding clause, wherein the
turning portion has a substantially constant cross-
sectional flow area for a distance in a flow direction
of the fluid flow.

4. The system of any preceding clause, wherein the
turning portion has a diverging or converging cross-
sectional flow area for a distance in a flow direction
of the fluid flow.

5. The system of any preceding clause, wherein the
turning portion comprises a bypass opening dis-
posed in a wall along the supply passage, and the
bypass opening is configured to route a portion of
the fluid flow to a chamber about the annular com-
bustor.

6. The system of any preceding clause, comprising
a first flow sleeve disposed along the first liner wall
and a second flow sleeve disposed along the second
liner wall, a first passage extends between the first
liner wall and the first flow sleeve, and a second pas-
sage extends between the second liner wall and the
second flow sleeve.

7. The system of any preceding clause, comprising
a baffle having a scoop adjacent a window, wherein
the scoop extends into the supply passage, the win-
dow is in fluid communication with the first passage,
and the baffle is configured to redirect a portion of
the fluid flow though the first passage in the down-
stream direction.
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8. The system of any preceding clause, comprising
at least one of:

a first diffuser positioned upstream of the turning
portion, wherein the first diffuser has a first
cross-sectional flow area that increases in a flow
direction of the fluid flow; or

a second diffuser positioned downstream of the
turning portion, wherein the second diffuser has
a second cross-sectional flow area that increas-
es in the flow direction of the fluid flow.

9. The system of any preceding clause, comprising
the first and second diffusers.

10. The system of any preceding clause, comprising
a settling chamber upstream of a fuel nozzle of the
annular combustor, wherein the settling chamber is
configured to receive the fluid flow and to control at
least one parameter of the fluid flow before directing
the fluid flow to the fuel nozzle.

11. The system of any preceding clause, comprising
a flow separator positioned within the settling cham-
ber, wherein the flow separator comprises slots con-
figured to direct the fluid flow to the fuel nozzle.

12. A system comprising:

a combustor having a combustion chamber dis-
posed circumferentially about an axis, wherein
the combustor is configured to direct a combus-
tion gas flow in a downstream direction through
the combustion chamber away from a head end
toward a turbine;

a supply passage configured to supply a fluid
flow from a compressor to the combustion cham-
ber, wherein the supply passage has a flow path
architecture having a turning portion that turns
the fluid flow from a compressor discharge di-
rection to an upstream direction generally oppo-
site the downstream direction of combustion gas
flow; and

at least one of:

a baffle having a scoop adjacent to a win-
dow, wherein the scoop extends into the
supply passage, the window is in fluid com-
munication with a first passage disposed
along a first liner wall, and the baffle is con-
figured to redirect a portion of the fluid flow
through the first passage in the downstream
direction;

a multi-stage diffuser having a first diffuser

positioned upstream of the turning portion
and a second diffuser positioned down-
stream of the turning portion; or

any combination thereof.

13. The system of any preceding clause, wherein
the turning portion comprises a gooseneck portion
having a substantially constant cross-sectional flow
area for a distance in a flow direction of the fluid flow.

14. The system of any preceding clause, wherein
the turning portion comprises a gooseneck portion
having a diverging cross-sectional flow area for a
distance in a flow direction of the fluid flow.

15. The system of any preceding clause, comprising
a settling chamber upstream of a fuel nozzle of the
combustor, wherein the settling chamber is config-
ured to receive the fluid flow and to control at least
one parameter of the fluid flow before directing the
fluid flow to the fuel nozzle.

16. The system of any preceding clause, wherein
the turning portion comprises a bypass opening dis-
posed in a wall along the supply passage, and the
bypass opening is configured to route a portion of
the fluid flow to a chamber about the combustor.

17. A method of operation comprising:

routing a combustion gas flow through a com-
bustion chamber of an annular combustor in a
downstream direction away from a head end to-
ward a turbine; and

routing a fluid flow from a compressor to the
combustion chamber via a supply passage hav-
ing a flow path architecture with a turning por-
tion, wherein routing the fluid flow comprises
turning the fluid flow in the turning portion from
a compressor discharge direction to an up-
stream direction generally opposite the down-
stream direction of combustion gas flow.

18. The method of any preceding clause, comprising
diffusing the fluid flow in a first diffuser upstream of
the turning portion, a second diffuser downstream
from the turning portion, or a combination thereof.

19. The method of any preceding clause, comprising
scooping and redirecting a portion of the fluid flow in
the downstream direction between a combustion lin-
er and a flow sleeve of the annular combustor.

20. The method of any preceding clause, comprising
setting the fluid flow in a settling chamber in a head
end of the annular combustor upstream of the com-
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bustion chamber and one or more fuel nozzles.

Claims

1. A system comprising:

an annular combustor having a first liner wall
disposed circumferentially about an axis, a com-
bustion chamber disposed circumferentially
about the first liner wall, and a second liner wall
disposed circumferentially about the combus-
tion chamber, wherein the annular combustor is
configured to direct a combustion gas flow in a
downstream direction through the combustion
chamber away from a head end toward a tur-
bine; and
a supply passage configured to supply a fluid
flow from a compressor to the combustion cham-
ber, wherein the supply passage has a flow path
architecture having a turning portion that turns
the fluid flow from a compressor discharge di-
rection to an upstream direction generally oppo-
site the downstream direction of combustion gas
flow.

2. The system of claim 1, wherein the turning portion
comprises a gooseneck portion.

3. The system of claim 1 or 2, wherein the turning por-
tion has a substantially constant cross-sectional flow
area for a distance in a flow direction of the fluid flow.

4. The system of claim 1 or 2, wherein the turning por-
tion has a diverging or converging cross-sectional
flow area for a distance in a flow direction of the fluid
flow.

5. The system of any preceding claim, wherein the turn-
ing portion comprises a bypass opening disposed in
a wall along the supply passage, and the bypass
opening is configured to route a portion of the fluid
flow to a chamber about the annular combustor.

6. The system of any preceding claim, comprising a
first flow sleeve disposed along the first liner wall and
a second flow sleeve disposed along the second liner
wall, a first passage extends between the first liner
wall and the first flow sleeve, and a second passage
extends between the second liner wall and the sec-
ond flow sleeve.

7. The system of claim 6, comprising a baffle having a
scoop adjacent a window, wherein the scoop ex-
tends into the supply passage, the window is in fluid
communication with the first passage, and the baffle
is configured to redirect a portion of the fluid flow
though the first passage in the downstream direction.

8. The system of any preceding claim, comprising at
least one of:

a first diffuser positioned upstream of the turning
portion, wherein the first diffuser has a first
cross-sectional flow area that increases in a flow
direction of the fluid flow; or
a second diffuser positioned downstream of the
turning portion, wherein the second diffuser has
a second cross-sectional flow area that increas-
es in the flow direction of the fluid flow.

9. The system of claim 8, comprising the first and sec-
ond diffusers.

10. The system of any preceding claim, comprising a
settling chamber upstream of a fuel nozzle of the
annular combustor, wherein the settling chamber is
configured to receive the fluid flow and to control at
least one parameter of the fluid flow before directing
the fluid flow to the fuel nozzle.

11. The system of claim 10, comprising a flow separator
positioned within the settling chamber, wherein the
flow separator comprises slots configured to direct
the fluid flow to the fuel nozzle.

12. A system comprising:

a combustor having a combustion chamber dis-
posed circumferentially about an axis, wherein
the combustor is configured to direct a combus-
tion gas flow in a downstream direction through
the combustion chamber away from a head end
toward a turbine;
a supply passage configured to supply a fluid
flow from a compressor to the combustion cham-
ber, wherein the supply passage has a flow path
architecture having a turning portion that turns
the fluid flow from a compressor discharge di-
rection to an upstream direction generally oppo-
site the downstream direction of combustion gas
flow; and
at least one of:

a baffle having a scoop adjacent to a win-
dow, wherein the scoop extends into the
supply passage, the window is in fluid com-
munication with a first passage disposed
along a first liner wall, and the baffle is con-
figured to redirect a portion of the fluid flow
through the first passage in the downstream
direction;
a multi-stage diffuser having a first diffuser
positioned upstream of the turning portion
and a second diffuser positioned down-
stream of the turning portion; or
any combination thereof.
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13. A method of operation comprising:

routing a combustion gas flow through a com-
bustion chamber of an annular combustor in a
downstream direction away from a head end to-
ward a turbine; and
routing a fluid flow from a compressor to the
combustion chamber via a supply passage hav-
ing a flow path architecture with a turning por-
tion, wherein routing the fluid flow comprises
turning the fluid flow in the turning portion from
a compressor discharge direction to an up-
stream direction generally opposite the down-
stream direction of combustion gas flow.

14. The method of claim 13, comprising diffusing the fluid
flow in a first diffuser upstream of the turning portion,
a second diffuser downstream from the turning por-
tion, or a combination thereof.

15. The method of claim 13 or 14, comprising scooping
and redirecting a portion of the fluid flow in the down-
stream direction between a combustion liner and a
flow sleeve of the annular combustor.
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