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FUEL NOZZLE TUBE RETENTION

FEDERAL RESEARCH STATEMENT

[0001] This invention was made with United States Gov-
ernment support under contract number DE-FC26-
05NT42643 awarded by the Department of Energy. The
United States Government may have certain rights in the
invention.

FIELD OF THE INVENTION

[0002] The present invention generally involves a fuel
nozzle for a gas turbine combustor. More specifically, the
invention relates to a tube retention system for a bundled tube
or micro-mixer type fuel nozzle.

BACKGROUND OF THE INVENTION

[0003] Gas turbines are widely used in industrial, marine,
aircraft and power generation operations. A gas turbine
includes a compressor section, a combustion section disposed
downstream from the compressor section and a turbine sec-
tion positioned downstream from the combustion section.
The combustion section generally includes multiple combus-
tor cans annularly arranged around an outer casing such as a
compressor discharge casing. In particular configurations,
each combustor can includes multiple bundled tube or micro-
mixer type fuel nozzles which may be annularly arranged
around a center fuel nozzle.

[0004] Bundled tube or micro-mixer type fuel nozzles gen-
erally include a fuel plenum, multiple premix passages which
extend through the fuel plenum and multiple premix tubes
which extend downstream from the premix passages. More
particularly, each premix tube extends downstream from an
outlet of a corresponding premix passage.

[0005] Inoperation, fuel is supplied to the fuel plenum and
compressed air is directed into each premix passage. The fuel
is then injected into the flow of compressed air within each
premix passage via one or more fuel ports which provide for
fluid communication between the fuel plenum and the corre-
sponding premix passage. The fuel and air premix into a
combustible fuel-air mixture as they flow out of the premix
passages and downstream through the premix tubes. The
combustible mixture flows out of each premix tube and into a
combustion chamber where it is burned to produce combus-
tion gases.

[0006] Currently, each premix tube is attached to the fuel
plenum by first aligning the premix tube with a corresponding
premix passage and brazing and/or welding the premix tube
to the fuel plenum. While effective, these assembly tech-
niques are very time consuming and complex due in part to
the large number of premix tubes being placed in a relatively
small area. In addition, current assembly techniques result in
the formation of a permanent connection between the premix
tubes and the fuel plenum which is not conducive for repair/
replacement of a damaged premix tube, particularly a premix
tube which is surrounded by other premix tubes, following a
combustion interval. Accordingly, a system for seating the
premix tubes against the fuel plenum which does not require
a rigid connection would be useful.

BRIEF DESCRIPTION OF THE INVENTION

[0007] Aspects and advantages of the invention are set forth
below in the following description, or may be obvious from
the description, or may be learned through practice of the
invention.
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[0008] One embodiment of the present invention is a sys-
tem for retaining a fuel nozzle premix tube. The system
includes a retention plate and a premix tube which extends
downstream from an outlet of a premix passage defined along
an aft side of'a fuel plenum body. The premix tube includes an
inlet end and a spring support feature which is disposed
proximate to the inlet end. The premix tube extends through
the retention plate. The spring retention feature is disposed
between an aft side of the fuel plenum and the retention plate.
The system further includes a spring which extends between
the spring retention feature and the retention plate.

[0009] Another embodiment of the present disclosure is a
fuel nozzle. The fuel nozzle includes a fuel plenum body. The
fuel plenum body includes a forward side axially spaced from
an aft side, a fuel plenum defined between the forward and aft
sides and a premix passage which extends through the fuel
plenum. The premix passage is in fluid communication with
the fuel plenum. The premix passage includes an inlet at the
forward side and an outlet at the aft side. The fuel nozzle
further includes a premix tube which extends downstream
from the outlet of the premix passage. The premix tube
includes an inlet end and a spring support feature which is
disposed proximate to the inlet end. A retention plate defines
a premix tube hole and the premix tube extends through the
premix tube hole. The spring retention feature is disposed
between the aft side and the retention plate. The fuel nozzle
further includes a spring that extends between the spring
retention feature and the retention plate.

[0010] The present invention also includes a gas turbine.
The gas turbine includes a compressor section, a combustion
section downstream from the compressor section and a tur-
bine section downstream from the combustion section. The
combustion section includes at least one combustor. The com-
bustor comprises a plurality of fuel nozzles annularly
arranged around a common axial centerline. Each fuel nozzle
includes a fuel plenum body. The fuel plenum body includes
a forward side which is axially spaced from an aft side and a
fuel plenum defined between the forward and aft sides. Each
fuel nozzle also includes a plurality of premix passages in
fluid communication with the corresponding fuel plenum.
Each premix passage includes an inlet which is defined along
the forward side of the fuel plenum body and an outlet defined
along the aft side of the fuel plenum body. Each fuel nozzle
further includes a plurality of premix tubes. Each premix tube
extends downstream from a corresponding premix passage
outlet. Each premix tube includes an inlet end and a spring
support feature disposed proximate to the inlet end. A reten-
tion plate defines a plurality of premix tube holes and each
premix tube extends through a corresponding premix tube
hole. The spring retention feature of each premix tube is
disposed between the aft side of the fuel plenum body and the
retention plate. Each fuel nozzle further includes a plurality of
springs where each spring at least partially surrounds a cor-
responding premix tube and extends between the spring
retention feature of the corresponding premix tube and the
retention plate.

[0011] Those of ordinary skill in the art will better appre-
ciate the features and aspects of such embodiments, and oth-
ers, upon review of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A full and enabling disclosure of the present inven-
tion, including the best mode thereof to one skilled in the art,
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is set forth more particularly in the remainder of the specifi-
cation, including reference to the accompanying figures, in
which:

[0013] FIG. 1 is a functional block diagram of an exem-
plary gas turbine that may incorporate various embodiments
of the present invention;

[0014] FIG. 2 is a perspective view of a portion of an
exemplary combustor as may incorporate various embodi-
ments of the present invention;

[0015] FIG. 3 is a cross sectional side view of a portion of
an exemplary bundled tube fuel nozzle as may incorporate
various embodiments of the present invention;

[0016] FIG. 4 is a perspective view of the bundled tube fuel
nozzle as shown in FIG. 3, according to at least one embodi-
ment of the present invention;

[0017] FIG.5isacross sectional side view of an exemplary
premix tube according to one embodiment of the present
invention;

[0018] FIG. 6 is an upstream perspective view of an exem-
plary retention plate according to at least one embodiment of
the present invention;

[0019] FIG. 7 is a downstream perspective view of an
exemplary retention plate according to at least one embodi-
ment of the present invention;

[0020] FIG. 8 is aperspective view of a portion of a bundled
tube fuel nozzle as shown in FIG. 2, according to at least one
embodiment of the present invention;

[0021] FIG. 9 is a perspective view of a bundled tube fuel
nozzle as shown in FIG. 2, according to at least one embodi-
ment of the present invention;

[0022] FIG. 10 is an enlarged view of a portion of the
bundled tube fuel nozzle as shown in FIG. 9, according to one
embodiment of the present invention;

[0023] FIG. 11 is an enlarged partial view of two adjacent
bundled fuel nozzles according to one embodiment of the
present invention;

[0024] FIG.12is across sectional side view of a portion of
the bundled fuel nozzle as shown in FIG. 9, according to
various embodiments of the present invention; and

[0025] FIG.13is aperspective view of an exemplary spring
as may be incorporated into the bundled tube fuel nozzle as
show in FIG. 12, according to one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Reference will now be made in detail to present
embodiments of the invention, 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 invention. 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 compo-
nents. 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.

[0027] Each example is provided by way of explanation of
the invention, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that modifications and
variations can be made in the present invention without
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departing from the scope or spirit thereof. For instance, fea-
tures 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 invention
covers such modifications and variations as come within the
scope of the appended claims and their equivalents. Although
exemplary embodiments of the present invention will be
described generally in the context of a bundled tube fuel
nozzle for a land based power generating gas turbine com-
bustor for purposes of illustration, one of ordinary skill in the
art will readily appreciate that embodiments of the present
invention may be applied to any combustor for any type of gas
turbine such as a marine or aircraft gas turbine and are not
limited to combustors or combustion systems for land based
power generating gas turbines unless specifically recited in
the claims.

[0028] Referring now to the drawings, wherein identical
numerals indicate the same elements throughout the figures,
FIG. 1 provides a functional block diagram of an exemplary
gas turbine 10 that may incorporate various embodiments of
the present invention. As shown, the gas turbine 10 generally
includes an inlet section 12 that may include a series of filters,
cooling coils, moisture separators, and/or other devices to
purity and otherwise condition air 14 or other working fluid
entering the gas turbine 10. The air 14 flows to a compressor
section where a compressor 16 progressively imparts kinetic
energy to the air 14 to produce compressed air 18.

[0029] The compressed air 18 is mixed with a fuel 20 from
a fuel supply system 22 to form a combustible mixture within
one or more combustors 24. The combustible mixture is
burned to produce combustion gases 26 having a high tem-
perature, pressure and velocity. The combustion gases 26 flow
through a turbine 28 of a turbine section to produce work. For
example, the turbine 28 may be connected to a shaft 30 so that
rotation of the turbine 28 drives the compressor 16 to produce
the compressed air 18. Alternately or in addition, the shaft 30
may connect the turbine 28 to a generator 32 for producing
electricity. Exhaust gases 34 from the turbine 28 flow through
an exhaust section 36 that connects the turbine 28 to an
exhaust stack 38 downstream from the turbine 28. The
exhaust section 36 may include, for example, a heat recovery
steam generator (not shown) for cleaning and extracting addi-
tional heat from the exhaust gases 34 prior to release to the
environment.

[0030] The combustor 24 may be any type of combustor
known in the art, and the present invention is not limited to
any particular combustor design unless specifically recited in
the claims. For example, the combustor 24 may be a can type
or a can-annular type of combustor. FIG. 2 provides a per-
spective side view of a portion of an exemplary can type
combustor 100 as may be incorporated in the gas turbine 10
shown in FIG. 1, according to one or more embodiments of
the present invention.

[0031] In an exemplary embodiment, as shown in FIG. 2,
the combustor 100 includes a plurality of bundled tube fuel
nozzles 102 herein referred to as fuel nozzles 102 annularly
arranged around a common axial centerline 104. In particular
embodiments, the fuel nozzles 102 may be annularly
arranged around a center fuel nozzle 106 which is substan-
tially coaxially aligned with centerline 104. Each fuel nozzle
102 includes a fuel plenum 108, a retention plate 110 con-
nected to the fuel plenum 108 and a plurality of premix tubes
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112 which extend substantially axially through the fuel ple-
num 108 and the retention plate 110 with respect to centerline
104.

[0032] FIG. 3 is a cross sectional side view of a portion of
the exemplary fuel nozzle 102 as shown in FIG. 2 with the
retention plate 110 and the premix tubes 112 removed for
clarity, according to at least one embodiment of the present
invention. In particular embodiments, as shown in FIGS. 2
and 3, each fuel nozzle 102 is connected to an end cover 114
of'the combustor 100 via a corresponding conduit or tube 116.
The conduit 116 extends axially downstream from the end
cover 114 and provides for fluid communication between the
end cover 114 and/or a fuel supply (not shown) and a corre-
sponding fuel plenum 108. In addition, the conduits 116 may
provide structural support for the generally cantilevered fuel
nozzles 102.

[0033] As shown in FIG. 3, the fuel plenum 108 generally
comprises a fuel plenum body 118 having a forward or
upstream side 120 axially spaced from an aft or downstream
side 122. A fuel plenum or volume 124 is defined between the
forward and aft sides 120, 122. At least one premix passage
126 extends through and is in fluid communication with the
fuel plenum 124 via one or more fuel ports 128. The premix
passage 126 includes an inlet 130 which is defined along the
forward side 120 and an outlet 132 which is defined along the
aft side 122. In particular embodiments, the fuel plenum 108
includes a plurality of the premix passages 126. The fuel
plenum body 118 may be cast as a single component or may
be assembled from one or more plates, tubes and or shrouds.
[0034] FIG. 4 provides a perspective view of the fuel ple-
num 108 as shown in FIG. 3, according to at least one embodi-
ment of the present invention. In one embodiment, as shown
in FIG. 4, at least one outlet 132 includes a counterbore or
groove 134 which circumferentially surrounds the outlet 128.
The counterbore 134 is defined along the aft side 122 of the
fuel plenum body 118. In particular embodiments, multiple
counterbores 134 are formed along the aft side 122 where
each is defined around a corresponding outlet 132. In one
embodiment, the aft side 122 defines one or more fastener
holes or passages 136. The fastener hole 136 may be posi-
tioned at various locations such as along an outer perimeter of
the aft side 122 of the fuel plenum body 118. Each or at least
some of the fastener holes 136 may be at least partially sur-
rounded by a counterbore 138.

[0035] FIG.5isacross sectional side view of an exemplary
premix tube 112 according to at least one embodiment of the
present invention. As shown in FIG. 5, the premix tube 112
generally includes an inlet end 140, an outlet end 142 and a
spring support or retention feature 144 disposed proximate to
the inlet end 140. In one embodiment, the spring support
feature 144 comprises a collar or flange 146 which extends
radially outwardly from the premix tube 112 with respect to
an axial centerline of the premix tube 112. The collar 146 at
least partially defines a contact surface 148. In particular
embodiments, the spring support feature 144 extends at least
partially circumferentially around the premix tube 112.
[0036] FIG. 6 provides a front perspective view of an exem-
plary retention plate 110 according to at least one embodi-
ment of the present invention. FIG. 7 provides an aft perspec-
tive view of the exemplary retention plate 110 as shown in
FIG. 6, according to one embodiment of the present inven-
tion. The retention plate 110 is generally shaped or formed to
extend radially and circumferentially across the aft side 122
of' the fuel plenum body 116. As shown in FIGS. 6 and 7, the
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retention plate 110 includes one or more premix tube holes
150. As shown in FIG. 2, the premix tube holes 150 are
generally sized and shaped to receive a corresponding premix
tube 112 therethrough.

[0037] The premix tube holes 150 are generally arranged
across the retention plate 110 so as to align with the premix
fuel passages 126 (FIG. 3). In one embodiment, as shown in
FIGS. 6 and 7, the retention plate 110 includes one or more
fastener holes 152. The fastener holes 152 may extend sub-
stantially axially through the retention plate 110 and/or
through corresponding bosses 154 of the retention plate 110.
The fastener holes 152 and/or bosses 154 generally align with
the fastener holes 136 of the fuel plenum body 118. The
bosses 154 may provide axial separation between the fuel
plenum body 118 and the retention plate 110. In other
embodiments, a busing or spacer may be disposed between
the retention plate 110 and the fuel plenum body 118, thus
providing axial separation therebetween. For example, the
bushing/spacer may be coaxially aligned with the bosses 154
and/or fastener holes 152.

[0038] As shown in FIG. 7, the retention plate 110 includes
an upstream side 156 which faces the aft side 122 of the fuel
plenum body 118 when mounted thereto. As shown in FIG. 6,
the retention plate 110 further includes an axially opposing
downstream side 158. In one embodiment, as shown in FIG.
7, the retention plate 110 further includes a wall portion 160
which extends along an outer perimeter of the retention plate
110 substantially perpendicular to the upstream side 156 and
extends axially towards the towards the aft side 122 of the fuel
plenum body 118 when mounted thereto. In particular
embodiments, the retention plate 110 may be substantially
flat, for example, without the wall portion 160.

[0039] FIG. 8 provides a perspective of the fuel nozzle 102
with the retention plate 144 removed for clarity. As shown in
FIG. 8, each premix tube 112 is aligned with a corresponding
premix passage 126 (FIG. 3). As shown in FIG. 8, each
premix tube 112 extends downstream from its corresponding
premix passage 126, thus defining a premix flow path
between the fuel plenum 124 (FIG. 3) and the combustion
zone (not shown). As shown in FIG. 8, the spring support
feature 144 of each premix tube 112 is disposed proximate to
the aft side 122 of the fuel plenum body 118.

[0040] FIG. 9 provides a perspective view of an assemble
fuel nozzle 102 including the fuel plenum body 118, the
retention plate 110 and a plurality of premix tubes 112
according to one embodiment of the present invention. As
shown in FIG. 9, each premix tube 112 extends through a
corresponding premix tube hole 150 of the retention plate
110. As shown, the retention plate 110 may be connected or
fastened to the fuel plenum body 118 via one or more fasten-
ers 162 such as bolts or other suitable mechanical fasteners.
[0041] FIG. 10 is an enlarged view of a portion of the fuel
nozzle 102 including an exemplary fastener 162. In one
embodiment, as shown in FIG. 10, the boss 154 of the reten-
tion plate 110 extends into the counterbore 138 of the fuel
plenum body 118, thereby reducing contact area between the
retention plate 110 and the fuel plenum body 118 and elimi-
nating contact between the collar flange 146 and the fuel
plenum 118. As a result, heat transfer between the two com-
ponents is reduced.

[0042] FIG. 11 provides an enlarged view of portions of
two adjacent fuel nozzles 102. As shown in FIG. 11, adjacent
fuel nozzles 102 may be coupled together by a mechanical
linkage 164. For example, a fastener 162 and a pin 166 may be
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used to link the adjacent fuels nozzles 102, thus providing
support and/or dampening to the otherwise cantilevered fuel
nozzles 102.

[0043] FIG. 12 provides a cross sectional side view of a
portion of the assembled fuel nozzle 102 as shown in FIG. 8
including a portion of the fuel plenum body 118, a portion of
an exemplary premix tube 112 and a portion of the retention
plate 110. In various embodiments, an axial or spring gap 166
is defined between the spring support feature 144 and the
retention plate 110. When the retention plate 110 is installed
or connected to the fuel plenum body 118, a spring 168
extends within the spring gap 166 between the retention plate
110 and the spring support feature 144. The spring may
extend between the spring contact surface 148 and the
upstream side 156 of the retention plate 110. The spring 168
provides an axial force F to the spring support feature 144
and/or the premix tube 112, thus seating the premix tube 112
against the fuel plenum body 118.

[0044] In one embodiment, as shown in FIG. 11, the inlet
end portion 140 of the premix tube 112 may be seated within
a corresponding counterbore 138 of the fuel plenum body
118. In particular embodiments, the spring 168 extends at
least partially circumferentially around the premix tube 112.
The spring 168 may be any spring which is suitable for
applying axial force F to the spring support feature 144 and/or
the premix tube 112. For example, in one embodiment, as
shown in FIG. 13, the spring 168 may be a compression wave
spring 170. In other embodiments the spring 168 may be a
helical spring or other spring member which extends within
the spring gap 166 between the retention plate and the spring
support feature 144.

[0045] During assembly of fuel nozzle 102, each premix
tube 112 may be aligned with a corresponding premix pas-
sage 126 outlet 132. A spring 168 may be placed or installed
around each premix tube 112 before or after aligning the
premix tubes 112 with the corresponding premix passage 126
outlets 132. The retention plate 110 is then guided over the
premix tubes 112 and each premix tube 112 is received in a
corresponding premix tube hole 150. The retention plate 110
may then be guided towards the fuel plenum body 118. One or
more fasteners 162 may then be inserted into the fastener
holes 152, 136 and tightened so as to connect the retention
plate 110 to the fuel plenum body 118.

[0046] The springs 168 are compressed as the fasteners 162
are tightened, thus providing the axial or retention force F
required to seat the inlet ends 140 of each premix tube 112
against the aft side 122 of the fuel plenum body 118. As a
result, a permanent connection such as a braze joint or weld
joint is avoided, thus significantly reducing assembly time. In
addition or in the alternative, the spring retention of the pre-
mix tubes 112 allows for disassembly of the premix tube 112
from the fuel plenum 108 for repair and/or replacement of a
damaged premix tube 112. In addition, by each fuel nozzle
102 having its own retention plate 110, each individual fuel
nozzle 102 may have free thermal growth during startup/
shutdown transients and fuel staging. In addition or in the
alternative, the pins 164 may be used to tie adjacent fuel
nozzles 102 together while maintaining the thermal compli-
ance, thus reducing overall thermal and/or mechanical
stresses on the fuel plenum body 118, particularly at the aft
side 122.

[0047] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
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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 difter from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of'the
claims.

What is claimed is:

1. A system for retaining a fuel nozzle premix tube, com-
prising:

a retention plate;

apremix tube which extends downstream from an outlet of
a premix passage defined along an aft side of a fuel
plenum body, the premix tube having an inlet end and a
spring support feature disposed proximate to the inlet
end, wherein the premix tube extends through the reten-
tion plate and the spring retention feature is disposed
between an aft side of the fuel plenum and the retention
plate; and

a spring extending between the spring retention feature and
the retention plate.

2. The system as in claim 1, wherein the spring applies an
axial force to the premix tube to seat the inlet end of the
premix tube against an aft side of the fuel plenum body.

3. The system as in claim 1, wherein the aft side includes a
counterbore around the outlet of the premix passage, wherein
the counterbore is sized to receive the inlet end of the premix
tube.

4. The system as in claim 1, wherein the spring retention
feature comprises a flange which extends circumferentially
around the premix tube and which defines a contact surface,
the spring extending axially between the contact surface and
the retention plate.

5. The system as in claim 1, wherein the spring comprises
a wave compression spring.

6. The system as in claim 1, wherein the retention plate is
fastened to the fuel plenum body via one or more mechanical
fasteners.

7. The system as in claim 1, wherein the retention plate
includes an upstream side which faces the aft side of the fuel
plenum body, an axially opposing downstream side and a wall
which extends along an outer perimeter of the retention plate
substantially perpendicular to the upstream side towards the
aft side of the fuel plenum body.

8. A fuel nozzle, comprising:

a fuel plenum body having a forward side axially spaced
from an aft side, a fuel plenum defined between the
forward and aft sides and a premix passage which
extends through the fuel plenum and is in fluid commu-
nication with the fuel plenum, the premix passage hav-
ing an inlet at the forward side and an outlet at the aft
side;

apremix tube which extends downstream from the outlet of
the premix passage, the premix tube having an inlet end
and a spring support feature disposed proximate to the
inlet end;

a retention plate defining a premix tube hole, the premix
tube extending through the premix tube hole, wherein
the spring retention feature is disposed between the aft
side and the retention plate; and

a spring extending between the spring retention feature and
the retention plate.
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9. The fuel nozzle as in claim 8, wherein the spring applies
an axial force to the premix tube to seat the inlet end of the
premix tube against the aft side of the fuel plenum body.

10. The fuel nozzle as in claim 8, wherein the aft side
includes a counterbore around the outlet of the premix pas-
sage, wherein the counterbore is sized to receive the inlet end
of the premix tube.

11. The fuel nozzle as in claim 8, wherein the spring reten-
tion feature comprises a flange which extends circumferen-
tially around the premix tube and which defines a contact
surface, the spring extending axially between the contact
surface and the retention plate.

12. The fuel nozzle as in claim 8, wherein the spring com-
prises a wave compression spring.

13. The fuel nozzle as in claim 8, wherein the retention
plate is fastened to the fuel plenum body via one or more
mechanical fasteners.

14. The fuel nozzle as in claim 8, wherein the retention
plate includes an upstream side which faces the aft side of the
fuel plenum body, an axially opposing downstream side and a
wall which extends along an outer perimeter of the retention
plate substantially perpendicular to the upstream side towards
the aft side of the fuel plenum body.

15. A gas turbine, comprising:

a compressor section, a combustion section downstream
from the compressor section and a turbine section down-
stream from the combustion section, the combustion
section having a combustor, the combustor comprising a
plurality of fuel nozzles annularly arranged around a
common axial centerline, wherein each fuel nozzle com-
prises:

a fuel plenum body including a forward side axially
spaced from an aft side, a fuel plenum defined
between the forward and aft sides and a plurality of
premix passages in fluid communication with the cor-
responding fuel plenum, each premix passage having
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an inlet defined along the forward side and an outlet
defined along the aft side of the fuel plenum body;

a plurality of premix tubes, each premix tube extending
downstream from a corresponding premix passage
outlet, each premix tube having an inlet end and a
spring support feature disposed proximate to the inlet
end;

a retention plate defining a plurality of premix tube
holes, each premix tube extending through a corre-
sponding premix tube hole, wherein the spring reten-
tion features are disposed between the aft side and the
retention plate; and

a plurality of springs, each spring at least partially sur-
rounding a corresponding premix tube, wherein each
spring extends between the spring retention feature of
the corresponding premix tube and the retention plate.

16. The gas turbine as in claim 15, wherein each spring
applies an axial force to the corresponding premix tube to seat
the inlet end of corresponding premix tube against the aft side
of the fuel plenum body.

17. The gas turbine as in claim 15, wherein the aft side
includes a counterbore around the outlet of the premix pas-
sage, wherein the counterbore is sized to receive the inlet end
of the premix tube.

18. The gas turbine as in claim 15, wherein the spring
retention feature of at least one premix tube comprises a
flange which extends circumferentially around the premix
tube.

19. The gas turbine as in claim 15, wherein at least one of
the plurality of springs is a wave compression spring.

20. The gas turbine as in claim 15, wherein a first retention
plate of a first fuel nozzle of the plurality of fuel nozzles is
coupled to a second retention plate of a second fuel nozzle of
the plurality of fuel nozzles.
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