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(57) Abstract: The present disclosure provides a gas turbine
combustor including a combustion structure (10) having a
combustor liner (14) and a flow sleeve (12). The combustor
liner (14) includes inner and outer surtaces (31, 30) and
defines a combustion zone (15). The gas turbine combustor
further includes a plurality of hollow airfoil-shaped struc-
tures (22) affixed to the combustor liner (14) and extending
radially outwardly into an airflow space (18) defined radially
between the flow sleeve (12) and the combustor liner (14).
Each hollow structure (22) includes at least one metering
tube (26) providing acoustic communication between the
combustion zone (15) and the hollow structure (22). The
metering tubes (26) are detachably coupled to the combustor
liner (14) for permitting interchanging ot the metering tube
(26) with at least one additional metering tube having at least
one ditferent dimension to effect a change in an acoustic
characteristic of the hollow structure (22).
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RESONATORS WITH INTERCHANGEABLE METERING TUBES FOR GAS
TURBINE ENGINES

FIELD OF THE INVENTION
The present invention relates gensrally 10 gas turbine engines, and more
particularly to resonators with interchangeable acoustic metering tubes positionad on

a combustor liner of a gas turbine engine.

BACKGROUND OF THE INVENTION

In turbine engines, conmpressed alr discharged from a comprassor section and
fuel introduced from a source of fuel are mixed together and burned in a combustion
section, creating combustion products defining hot combustion gases, The
combustion gases are directed through a hot gas path in a urbine section, where
they expand to provide rotation of a turbine rotor. The turbine rotor is linked {o a
shaft to power the compressor section and may be linked to an electric generator to
produce electricity. :

Combustion produces pressire ostitlations within the combustion section,
which cause combustion dynamics in the form of acoustic waves. These waves may
lead to flame instability, and vibrations that match the natural resonance frequency of
one or mote engine components can ultimately cause fatigue or wear failure in
combustor components. Damping devices such as resonator boxes may be used to
suppress or absorb acoustic energy generated during engine operation {o keep
acoustic oscillations within an acceptable range. Because cooling requirements and
space limitations often restrict the ability {o damp combustion dynamics, particularly
fow and intermediate frequency dynamics, fuel staging is offen used to mitigate
combustion dynamics, which often requires a level of non-homogensity in the
mixture. However, these sirategies frequently lead to undesirable paltutant
emissions and may limit combustor performance. Mitigation of combustion dynamics
is further complicated by the fact that a single component may have multiple natural
frequencies, and the resonance frequencies of engine components may change over

fime.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, the present disclosure
provides a gas turbine combustor comprising a combustion structure defining a
central axis and comprising a combustor liner and a flow slesve. The combustor
liner comprises an inner surface and an outer surface and defines a combustion
zone. An airflow space is defined radially between the outer surface of the
combustor liner and the flow sleeve. The gas turbine combustor further comprises a
plurality of hollow structures that are affixed to and enclose respective portions of the
outer surface of the combustor liner and that extend radially outwardly into the
airflow space. Each hollow structure comprises an airfoil shape. Each hollow
structure comprises at least one metering tube providing acoustic communication
between the combustion zone and an interior volume of the hollow structure. The
metering tubes are detachably coupled to the combustor liner for permitting
interchanging of the metering tube with at least one additional metering tube having
at least one different dimension to effect a change in an acoustic characteristic of the
respective hollow structure.

In accordance with some aspects, a radially outer surface of each hollow
structure may further comprise a detachable cap for allowing access info the interior
volume of the hollow structures. In a particular aspect, the detachable cap may be
detachably coupled to the radially outer surface of the respective hollow structure via
a plurality of tabs. Rotation of the detachable cap causes the tabs to engage
surfaces of the hollow structure to form a seal with the hollow structure. In a further
particutar aspect, the surfaces of the hollow structure that engage the tabs may be
inclined radially inward.

In accordance with other aspects of the inventian, the combustor liner may
further comprise a plurality of hollow bosses affixed to the outer surface of the

combustor liner and extending radially cutwardly into the intetior volume of the

- respective hollow structure. The hollow bosses are configured to receive the

metering tubes within the interior volume of the respective hollow structures. Ina
particular aspect, an outer tube surface of each metering tube may further comprise
an outer threaded portion and a shoulder disposed circumferentially about the outer
tube surface, An opening of sach holiow boss defines an interior threaded surface

that is complementary to the outer threaded portions of the metering tubes such that
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the shoulder of each metering tube engages a radially outer rim of the respective
holiow boss when the metering tubes are inserted into the threaded openings. Ina
further particular aspect, each metering tube may further camprise a wedge lock
washer structure disposed between the shoulder of the metering tube and the
radially outer rim of the corresponding hollow boss. The wadge lock washer
structures lock the metering tubes in place during operation to prevent the metering
tubes from backing out of the corresponding hollow boss,

In accordance with further aspects, the hollow structures may comprise an
airfoif shape. In a particular aspect, these airfoil-shaped hollow structures may be
circumferentially spaced apart and effect a reduction in swirl of gases passing
through the airflow space.

I accordance with a further aspect of the invention, the present disclosure
provides methods of servicing a turbine engine component. In one aspect, the
method comprises the steps of. accessing an interior volume af a hollow structure
affixed o an outer surface of a combustor liner and extending radially outwardly into
an airflow space defined between the outer surface of the combustor liner and a flow
sleave located radially cutwardly frons the combustor liner, in which the hollow
structure encloses a portion of the outer surface of the combustor liner and
comprises a first metering tube providing scoustic communication between the
interior volume of the hollow structure and a combustion zone defined by the
combustor liner; removing the first metering tube; and installing a second metering
tube in g location where the first metering tube was removed, in which the second
metering tube has at least one different dimension as compared {o the first matering
tube.

in accordance with one aspect of the method, the hollow structure comprises
an airfoil shape. In accordénce with other aspects of the method, accessing the
interior volume of the hollow structure may comprise removing a cap detachably
coupled fo a radially outer surface of the hollow structure. In a particular aspect, the
method may further comprise reattaching the cap to the radially outer surface of the
hollow structure affer the second metering tube is installed in the hollow structure.

in accordance with further aspects of the method, outer tube surfaces of each
of the first and second metering tubes may comprise an outer threaded portion and a
shoulder disposed circumferentially about the outer tube surface, and the portion of
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the combustor liner enclosed by the hollow structure may comprise a hollow boss
configured to receive the first and second metering tubes, The hollow boss extends
radially outwardly info the interior volume of the respective hollow structure. In
accordance with a particular aspect of the method, an opening of the hollow boss
defines an interior threaded surface that is complementary to the outer threaded
portions of the first and second metering tubes such that the shoulder of each
metering tube engages a radially outer rim of the hollow boss when the metering
tubes are inserted into the hollow boss. In this particu%ar'aspect of the method,
removing the first metering tube may comprise unscrewing the first metering tube
from the hollow boss and installing the second metering tube may comprise
threading the second metering tube into the hollow boss such that the shoulder of
the second metering tube engages the radially outer rim of the hollow boss.

in accordance with another aspect of the method, the first metering tube may
be configured to damp a first resonance frequency within the hollow structure, and
the second metering tube may be cbnﬁgured to damp a second resonance
frequency within the hollow structure, in which the second resonance frequency is
different than the first resonance frequency.

In accordance with a further aspect of the invention, the present disclosure
provides methods of damping a plurality of resonance frequencies in a gas turbine
engine. The gas turbine engine includes a combustion structure comprising a
combustor liner that defines a cambustion zone and a flow sleeve disposed radially
outwardly from the combustor liner. The flow sleeve cooperates with the combustor
liner to define an airflow space between the flow sleeve and combustor liner. In one
aspect, the method comprises the steps of: providing a plurality of hollow structures
extending radially outwardly into the airflow space, with the hollow structures being
affixed to and enclosing respective portions of an outer surface of the combustor
liner; instailing at least one interchangeable metering tube in at least one of the
hollow structures, in which each interchangeable metering tube is configured to
damp a select resonance frequency within the corresponding hollow structure,;
determining that a different resonance frequency is to be damped within at least one
of the hollow structures that includes an interchangeable metering tube; removing,
from the at least one hollow siructure within which a different resonance frequency is

to be damped, the interchangeable metering tube; and installing, into the at least one
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hollow structure within which a different resonance frequency is to be damped, an
additional interchangeable metering tube into the combustor liner where the
interchangeable metering tube was located. Each interchangeable metering tube is
detachably coupled to the combustor liner and provides acoustic communication
between the combustion zone and an interior volume of the corresponding hollow
structure. The additional interchangeable metering tube is configured to damp the
different resonance frequency.

In accordance with some aspects of the method, outer tube surfaces of each
of the interchangeable metering tubes comprise an outer threaded portion and a
shoulder disposed circumferentially about the outer tube surface, and the portion of
the combustor liner enclosed by the hollow structure within which a different
resonance frequency is to be damped comprises a hollow boss configured to receive
each of the interchangeable metering tubes. The hollow boss further comprises an
interior threaded portion that is complementary to the outer threaded portions of
each of the interchangeable metering tubes. In this particular aspect of the method,
removing the interchangeable metering tube comprises unscrewing the
interchangeable metering tube from the hollow boss, and installing the additional
interchangeable metering tube comprises threading the additional interchangeable
metering tube into the hollow boss such that the shoulder of the additional
interchangeable metering tube engages a radially outer rim of the corresponding
hollow boss. In accordance with other aspects of the method, the hollow structures

comprise an airfoil shape.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed that the present invention will
be better understood from the following description in conjunction with the
accompanying Drawing Figures, in which like reference numerals identify like
elements, and wherein:

FIG. 1 is a side view partially in cross section of a combustor section of a gas
turbine engine incorporating a plurality of resonater structures in accordance with

aspects of the invention, in which a portion of the combustar liner is removed,;
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FIG. 2 is an enlarged perspective view partially in cross section of the
combustor section illustrated in FIG. 1 taken along line 2-2;

FIG. 3 is an enlarged cross-sectional view of an interchangeable acoustic
metering tube from section 3-3in FIG. 2;

FIG. 4 is an exploded view of an airfail-shaped hollow structure in accordance
with aspects of the inventilon;

FIG. 5A is an exploded view of another airfoil-shaped hollow structure in
accordance with another aspect of the invention; and

FIG. 5B is an enlarged perspective view partially in cross section of the airfoil-

shaped hollow structure illustrated in FIG. 5A taken along line 5-5.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the preferred embodiments, reference
is made to the accompanying drawings that form a part hereof, and in which is
shown by way of illustration, and not by way of limitation, specific preferred
embodiments in which the invention may be practiced. ltis to be understood that
other embodiments may be ulilized and that changes may be made without
departing from the spirit and scope of the present invention.

In FIGS. 1 and 2, a combustor section or structure 10 from a gas turbine
engine (not separately labeled) is illustrated, including a flow sleeve 12 and a
combustor liner 14 defining a combustion zone 15. It is noted that portion of the -
combustor liner 14 is removed in FIG. 1 to show selected internal structures within
the combustor structure 10, which will be described herein. The combustor structure

10 defines a central axis Ca. A compressor section (not shownj of the gas turbine

angine compresses ambient air, a portion of which ultimately enters an inlet 16 into
an airflow space 18 defined radially between the combustor liner 14 and the flow
sleeve 12. The combustor structure 10 combines the compressed air with a fuel and
ignites the mixture, creating combustion products comprising hot combustion gases

C flowing through the combustion zone 15. An inner surface 31 of the combustor
liner 14 (see FIG. 2) is in contact with the hot combustion gases Cg, which then

travel to a turbine section (also not shown) of the gas turbine engine. The combustor

liner 14 may comprise any suitable cross-sectional shape, such as the substantially
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circular cross-sectional shape depicted in FIGS. 1 and 2, as well as, for example,
oval or rectangular. In addition, the combustor liner 14 may transition between
different shapes, such as, for example from a generally circular to a generally
rectangular cross-sectional shape.

As used throughout, unless otherwise noted, the ferms “circumferential,”
“axial,” “inner/radially inward,” “outer/radially outward,” and derivatives thereof are
used with reference to the central axis C4 of the combustor liner 14, and the terms

“‘upstreamy’ and “downstream” are used with reference {o a flow of hot combustion
gases Cg through the combustion zone 15 toward the turbine section.

With reference o FIGS. 1-3, distributed circumferentially about and affixed to
the combustor liner 14 are resonator structures 20 comprising a plurality of hollow
structures, also referred {o herein as resonator boxes 22. Each resonator box 22 is
affixed directly to and encloses a portion of the outer surface 30 of the combustion
liner 14, An annular array of airfoil-shaped resonator boxes 22 are disposed toward
an upstream end of the combustor structure 10 and extend in a radially outer
direction into and through the airflow space 18 defined between the combustor liner
14 and the flow sleeve 12. The airfoil-shaped resonator boxes 22 comprise one or
more acoustic metering tubes 28 detachably mounted or coupled to the combustor
liner 14. The combustor liner 14 comprises a plurality of apettures 32. configured to
receive the acoustic metering tubes 28. The apertures 32 extend through a
thickness of the combustor liner 14 from the inner surface 31 of the combustor liner
14 into a hollow interior volume 22A of the airfoil-shaped resonator boxes 22.

The combustor iner 14 with the airfoil-shaped resonator boxes 22 may
optionally comprise one or more additional resonator structures 20 disposed
downstream of the airfoil-shaped resonator boxes 22. These additional resonators
24 may comprise any kKnown shape, such as rectangular or trapezoid, and may
further comprise a plurality of metering holes that extend through the thickness of the
combustor liner 14. ‘

Referring now to FIG. 3, the acoustic metering tube 26 according to the
embodiment shown is detachably coupled {o the outer surface 30 of the combustor
liner 14 and extends radially outwardly from the combustor liner 14 into the interior
volume 22A of the airfoil-shaped resonator box 22. The aperture 32 extends through
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the thickness of the combustor liner 14 such that the interior volume 22A of the
airfoil-shaped resonator box 22 and the combustion zone 15 are in acoustic
commurication. The acoustic metering tube 26, which is received in the aperture 32,
acts as a Helmholiz resonator neck to damp combustion frequency dynamics
occurring in the combustion zone 15, as will be discussed in more detail below.,
Acoustic metering tubes according to the present invention are removable and
interchangeable with one or more additional acoustic metering tubes differing in at
least one dimension. For example, acoustic metering tubes of varying length,
internal diameter, and/or internal geometry may be interchanged as desired to effect
a change in an acoustic characteristic of the respective hollow structure. In the
exemplary embodiment shown in FIG. 3, the acoustic metering tube 26 comprises a
shoulder 34 and an outer threaded portion 36 that is disposed circumferentially about
the acoustic metering tube 26 relative to an axis T of the acoustic meterting tube 26.

Surrounding the acoustic metering fube 26 is a hollow boss 38 that is affixed
to and extends radially outwardly from the outer surface 30 of the combustor liner 14
into the interior volume 22A of the airfoil-shaped resonator box 22. The hollow boss
38 may be, for example, welded to the combustor liner 14. An opening 39 of the
hollow boss 38 is configured to receive the acoustic metering tube 26 and aligns with
the aperture 32 extending through the combustor liner 14. A radially outer rim_ 40 of
the hollow boss 38 engages the shoulder 34 of the acoustic metering tube 26, and
the opening 39 of the hollow boss 38 defines an interior threaded surface 42 that is
complementary to the outer threaded portion 36 of the acoustic metering tube 26. 1t
is noted that a portion of the fhreading is removed in FIG. 3 to show selected
structures within the junction between the acoustic metering tube 26 and the hollow
boss 38. The acoustic metering tube 26 may be installed into the opening 39 of the
hollow bosg 38, for example, by threading or screwing the acoustic metering tube 26
inte the hollow boss 38 such that the interior threaded surface 42 of the hollow boss
38 engages the outer threaded portion 36 of the acoustic metering tube 26 and
secures the acoustic meteting tube to the combustor liner 14 in a desired position.
The acoustic metering tube 26 may then be removed by unscrewing the acoustic
metering tube 28 from the hollow boss 38 and replaced with another acoustic
metering tube with the same or different dimensions. As explained in more detall
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herein, it should be noted that acoustic metering tubes 28 according fo the present
invention may be exchanged by accessing the interior volume 22A of the airfoil-
shaped resonator boxes 22 with no need to access the inner surface 31 of the
combustor liner 14 and/or the combustion zone 15.

As further illustrated in FIG. 3, a wedge lock washer structure 44 may be
disposed circumferentially about the acoustic metering tube 26 relative to the axis

74, in which the wedge lock washer structure 44 is sandwiched between the

shoulder 34 of the acoustic metering tube 26 and the radially outer rim 40 of the
hollow hoss 38. When an acoustic metering fube 26 is secured to the combustor
liner 14, i.e., by engagement with the hollow boss 38, the wedge lock washer
structure 44 locks the acoustic metering tube 26 in place. For example, the wedge
lock washer structure 44 may be a NORD-LOCK® type wedge lock washer (NORD-
LOCK is a registered trademark of Nord-Lock International AB, a carporation located
in Sweden) having a plurality of radially extending grooves that prevent the acoustic
metering tube 26 from backing out of the opening 39 of the hollow boss 38. Torgue
may be applied to the acoustic metering tube 26 to compress the wedge lock washer
structure 44 between the radially outer rim 40 and the shoulder 34.

In addition, although the interchangeable acoustic metering tubes 26
according to the present invention are illustrated in conjunction with airfoiﬁshaped
resonator boxes 22 that extend radially outwardly into the airflow space 18, itis
noted that the interchangeable tubes 26 may also be used with resonator boxes
comprising any suitable shape and/or location within the combustor structure 10.
The interchangeable acoustic metering tubes 26 according to the present invention
may further be used in resonator structures that also include conventional fixed
metering tubes, Morsover, in some instances, the resonator hoxes of one or more of
the resonator structures may include acoustic metering tubes of differing dimensions
as compared to others of the resonator boxes in order to effect damping of multiple
resonance freguencies.

With reference to FIG. 2, interchangeable acoustic metering tubes 26 as
described herein may be used to efficiently replace worn or broken‘metering tubes in
one or more resonator boxes 22. Additionally, the acoustic metering tubes 26 can

be interchanged with acoustic meteting tubes 26 of differing dimensions to achieve
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damping desired resonance frequencies in gas turbine engines, all without requiring
costly servicing of conventional resonator boxes, the combustion liner 14, and/or
other engine components. For example, the interchangeable acoustic metering
tubes 268 may be used to damp intermediate frequency dynamics (IFD}, which
typically fall within the range of 100 to 1000 Hz. IFD have proven particularly difficult
to address with conventional configurations and currently limit performance of many
combustion systems. Reduction or elimination of IFD using the presently disclosed
structures and methods may allow removal of one or more fuel stages, thereby
reducing system complexity and promoting improved performance characteristics
through increased firing temperatures and lower pollution levels,

Referring now to FIGS. 4 and 5, a portion of the resonator box 22 may be
removable so that the interior volume 22A of the resonator box may be accessed to
replace or exchange one or more of the acoustic metering tubes 26. In FIG. 4, the
airfoil-shaped resonator box 22 is illustrated having a radially outer surface 46 that is
removably coupled to a main body 48 of the airfoil-shaped resonator box 22. The
radially outer surface 48 may be coupled to the main body 48 via one or more
suitable fasteners, such as one or more screws 50 as depicted in FIG. 4, although
other suitable types of fasteners may be used. The fasteners are preferably
recessed radially inward with respect to the radially outer surface 46 so that the
fasteners do not extend radially cutwardly from the radially outer surface 46 into the
airfiow path (not labeled), such that an incoming airflow Ag over the radiaily outer

surface 46 is substantially unaffected.

in another exemplary embodiment depicted in FIGS. 5A and 5B, the radially
outer surface 46 of the airfoil-shaped resonator box 22 may further comprise a
removable or detachable cap 49 that allows access te the interior velume 22A of the
airfoil-shaped resonator box 22. In this embodiment, the radially outer surface 46
may be affixed {o the main body 48 ‘of the airfoil-shaped resonator 22, such as by
welding. The radially outer surface 46 according to this embodiment comprises a
complementary aperture 51 that accepts the detachable cap 49. Aretainer plate 52
may be located at the inside of the radially outer surface 46 to receive and secure
the detachable cap 49. For example, the detachable cap 49 may further comprise a
plurality of tabs 54, wherein rotation of the detachable cap 49 causes the tabs 54 to

10
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engage blind slots 56 located between and defined by the retainer plate 52 and the
radially outer surface 46 to form a captured seal that locks the detachable cap 49 in
place as shown in FIG, 5B. In some embodiments, a portion of the blind slots 56
may be inclined radially inward to assist with locking the detachable cap 49 in place.
As shown in FIGS. 5A and 5B, the detachable cap 49 may be coupled to the radially
outer surface 46 such that the detachable cap 49 is radially aligned with the location
of the hollow boss 38 that secures the acoustic metering tube 26 {o the combustor
liner 14 to allow easy access {o the acoustic metering fube 26.

With reference to FIGS. 5A and 8B, each airfoil-shaped rescnator box 22
comprises a leading edge 58 and a trailing edge 60, with the leading edge 58 facing
the incoming airflow Ag. The body 48 of the airfoil-shaped resonator box 22 may

optionally comprise one or more holes 62. The holes 62 may be p!aéed at one or
more suitable {ocations along the body 48 ta help to reduce dynamic responses from
the combustion pfocess and fo provide a cooling airflow fo the interior volume 22A of
the airfoil-shaped resonator box 22, the acoustic metering tube 26, and/or the portion
of the outer surface 30 of the combustor liner enclosed by the airfoil-shaped
resonator box 22. In the exemplary embodiment shown in FIG. 5B, the airfoil-
shaped resonator box 22 comprises a plurality of holes 62 located along the leading
edge 58.

Use of an interchangeable acoustic metering tube according to the present
invention allows the resanance frequency to be efficiently adapted as needed to
response to changing combustion frequency dynamics. With reference to FIGS. 2
and 3, in one exemplary aspect of the invention, fo match the resonance frequency
of the acoustic metering tube 26 with the frequency that is to be damped, the
following simplified quation may be used, in which Vis the resanator volume (i.e.
22A), L is the length of the metering tube 26 as shown in FIG. 3, and A is the cross-

sectional area of the resonator neck opening (in FIG. 3, D is the diameter of the

S

Additionally, as seen in FIGS. 1, 2, 4, and 5B, the airfoil-shaped resonator

resonator neck and Ais 1t » D¥4):

boxes 22 (with or without the interchangeable acoustic metering tubes 28) that
extend radially cutwardly into the airflow space 18 further allow conditioning of the

11
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incoming airflow Ag upstream of the combustor head. The airfoil shape of the

resonator boxes 22 removes or reduces swirl of the compressed air entering the
airflow space 18 and effects a flow siraightening without incurring an unacceptably
large pressure drop. The shape and circumferential spacing of the airfoil-shaped
resonators 22 may also be used to achieve this desired reduction in swirl. In
accordance with an exemplary aspect of the present invention, the airfcil-shaped
resonator boxes 22 may have a ratio of spanwise width to chord length of about
0.24. In other exemplary aspects, a ratio of a circumferential distance to a
neighboring resonator to chord length may be about 0.1 {0 0.5. Use of one or more
of these ratios is believed to be effective in reducing swirl, straightening the flow,
and/or minimizing pressure drop. Other aspects of the resonator box and the airfoil
shape, such as the resonator volume, angle of the airfoil with respect to incoming
airflow, chord or radial tapering and/or twisting of the airfoll, etc., may also be varied
and aptimized to achieve desired damping characteristics and/or flow conditioning
benefits.

The prasent invention further includes methods of using interchangeable
metering tubes as disclosed herein to service a gas furbine engine component and
to damp a plurality of resonance frequencies in a gas turbine engine. For illustration
purposes, reference is made herein o the components of FIGS. 1-5, but the
presently disclosed methods may be implemented with other suitable components
and configurations without departing from the scope and spirit of the invention. The
gas turbine engine includes a combustion structure 10 comprising a combustor liner
14 that defines a combustion zone 15 and a flow sleave 12 disposed radially
outwardly from the combustor liner 14. The flow sleeve 12 cooperates with the
combustor liner 14 to define an airflow space 18 therebetween. A plurality of hotlow
structures such as resonator boxes 22 are affixed directly to and enclose respective
portions of an outer surface 30 of the combustor finer 14 and extend radially
outwardly into the airflow space 18. In some embodiments of the methods, the
resonator boxes 22 comprise airfoil-shaped resonator boxes 24. One or more of the
hollow siructures 22 comprises one or more interchangeable metering tubes such as
an acoustic metering tube 26 that is configured fo damp a select resonance

frequency within the corresponding hollow structure 22, Each interchangeable

12
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acoustic metering fube 26 is detachably coupled to the combustor liner 14 and
provides acoustic communication between the combustion zone 15 and an interior
volume 22A of the corresponding hollow structure 22.

The methods include accessing the interior volume of one or more of the
hollow structures so that at ieast one of the metering tubes can be removed and a
second metering tube can be installed in @ location from which the first metering tube
was removed. In some cases, the first metering tube may be damaged or broken
and may require replacement with a new metering tube with the same or different
dimensions. Inotherinstances, it has been determined that a different resonance
frequency within the combustor structure is to be damped, in which case the first
metering tube may be replaced with a second metering tube differing in at least one
dimension as compared to the first metering tube. In accordance with one aspect of
the present invention, the step of accessing the interior volume of the hollow
structure may comprise removing a cap from the hollow structure. The cap may
comprise, for example, the detachable cap 49 depicted in FIG. 5A that is detachably
coupled to the radially outer surface 46 of the hollow structure 22. Methods
according fo this aspect of the invention may further comprise reattaching the cap to
the radially outer surface following instaliation of the second metering tube in the
hollow structure,

it is noted that in all aspects of the method, the step of accessing the interior
volume of the hollow sfructure is performed by removing all or part of a radially outer
surface of the hollow structure so that the metering tubes may be remioved or
instatled without accessing the combustion zone or inner surface of the combustor
liner. Thus, there is no need to remove the hollow structures from the combustor
liner ar to disassemble the hollow structures and/or any other component of the gas
furbine combustor in order to exchange the metering fubes.

Alsa in accordance with the present invention, as depicted in FIG. 3, the outer
surfaces of each of the first and second metering tubes 28 may comprise an outer
threaded portion 36 and a shoulder 34 disposed circumferentially about the outer
tube surface of the acoustic metering tube 26. The portion of the combustor liner 14
enclosed by the hollow structure 22 comprises an aperture 32 configured to receive
the acoustic metering tube 26. in accordance with some aspects of the invention,

the aperture may comprise a hollow boss 38 that includes a radially outer rim 40 and
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an interior threaded surface 42 that is complementary to and engages with the outer
threaded portions 36 of the respective metering tubes 26. Removing the first
metering tube may comprise unscrewing the first metering tube from the hollow
boss, and installing the second meteting tube may comptise threading the second
metering tube into the hollow boss such that the shoulder of the second metering
tube engages the radially outer rim surrounding the hollow boss. It is noted that the
interchangeable metering tubes according 1o the present invention setve no
siructural purpose within the gas turbine combustor, i.e. attachment of the combustor
liner to the combustor structure and/or attachment of the resonator boxes to the
combustor liner, and thus may be removed in thelr entirety from the combustor liner
during servicing with no detrimental effects.

While particular embediments of the present invention have been illustrated
and described, it would be obvious to those skilled in the art that various other
changes and modifications can be made without departing from the spirit and scope
of the invention. It is therefore intended to cover in the appended claims all such

changes and modifications that are within the scope of this invention.
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CLAIMS

What is claimed is:

1. A gas turbine combustor comprising:

a combustion structure defining a central axis and comprising a combustor
liner and a flow sleeve, the combustor liner including an inner surface and an outer
surface, wherein an airflow space is defined radially between the outer surface of the
combustor liner and the flow slesve and wherein a combustion zone is defined within
the combustor liner; and

a plurality of hollow structures affixed to and enclosing respective portions of
the outer surface of the combustor liner and extending radially outwardly into the
airflow space, each hollow structure comprising an airfoil shape, wherein each
hollow structure comprises at least one metering tube providing acoustic
communication between the combustion zone and an intetior volume of the hollow
structure, the metering tubes being detachably coupled fo the combustor liner for
permitting interchanging of the metering tube with at least one additional metering
{ube having at least one different dimension to effect & change in an acoustic

characieristic of the respective hollow structure,

2. The gas turbine combustor of claim 1, wherein a radially outer surface of each
hollow structure further compriseé a detachable cap for allowing access into the

interior volume of the hollow stfructures.

3. The gas turbine combustor of claim 2, wherein the detachable cap is
detachably coupled to the radially outer surface of the respective hollow structure via
a plurality of tabs, and wherein rotation of the detachable cap causes the tabs to

engage surfaces of the hollow structure to form a seal with the hollow structure.

4, The gas turbine combustor of claim 3, wherein the surfaces of the hollow

structure that engage the tabs are inclined radially inward.
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5. The gas turbine combustor of claim 1, wherein the combustor liner further
comprises a plurality of hollow bosses affixed {o the outer surface of the combustor
liner and extending radially outwardly into the interior volume of the respective hollow

structure, the hollow bosses being configured to receive the metering tubes.

8. The gas turbine combustor of claim 5, wherein an outer tube surface of each
metering tube further comprises an outer threaded portion and a shoulder disposed
circumferentially about the outer tube surface, and wherein an opening of each
hollow boss defines an interior threaded surface, the interior threaded surface of the
hollow bosses and the outer threaded portions of the metering tubes being
complementary such that the shoulder of each metering tube engages a radially
outer rim of the respective hollow boss when the metering tubes are inserted into the

hollow bosses.

7. The gas turbine combustor of claim 8, wherein each metering tube further
comprises a wedge lock washer structure disposed between the shoulder of the
metering tube and the radially outer rim of the corresponding hollow boss, wherein
the wedge lock washer structures lock the meteting tubes in place during operation
to prevent the metering tubes from backing out of the corresponding hollow boss.

8. The gas turbine combustor of claim 1, wherein the hollow structures are
circumferentially spaced apart and effect a reduction in swirl of gases passing

through the airfiow space.

Q. A method of servicing a tuthine engine component comprising:

accessing an interior vojume of a hollow structure affixed to and enclosing a
portion of an outer surface of a combustor liner, wherein the hollow structurs extends
radially outwardly info an airflow space defined between the outer surface of the
combustor liner and a flow sleeve located radially outwardly from the combustor
liner, wherein the hollow structure comprises a first metering tube providing acoustic
communication between the interior volume of the hollow structure and a combustion
zone definad by the combustor liner;

remaving the first metering tube; and
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installing a second metering tube in a location where the first metering tube
was removed, the second metering tube having at least one different dimension as

compared to the first metering tube.

10.  The method of claim 8, wherein the hollow structure comprises an airfoil

shape.

11, The method of claim @, wherein accessing the interior volume of the hollow
structure comprises removing a cap detachably coupled fo a radially outer surface of

the hoiiow structure.

12.  The method of claim 11, further comprising reattaching the cap to the radially
outer surface of the hollow structure after the second metering tube is installed in the

hollow structure.

13. The method of claim 8, wherein an cuter tube surface of each of the first and
second metering tubes comprises an outer threaded portion and a shoulder
disposed circumferentially about the outer tube surface, and wherein the portion of
the combustor liner enclosed by the hollow structure comprises a hollow boss
configured to receive the first and second metering tubes, the hollow boss eXtending

radially outwardly into the interiar volume of the respective hollow structure.

14.  The method of claim 13, wherein an opening of the hollow boss defines an
interior threaded surface that is complementary to the outer threaded portions of the
first and second metering tubes such that the shoulder of each metering tube
engages a radially outer rim of the hollow boss when the metering tubes are inserted

into the hollow boss.

15.  The method of claim 14, wherein:
removing the first metering tube comprises unscrawing the first metering tube

from the holiow boess; and
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installing the second metering tube comprises threading the second metering
tube into the hollow boss such that the shoulder of the second metering tube

engages the radially outer rim of the hollow boss.

168.  The method of claim 9, wherein the first metering tube is configured {o damp a
first resonance frequency within the hollow structure and the second metering tube is
configured to damp a second resonance frequency within the hollow structure, the

second resonance frequency being different than the first resonance freguency.

17. A-method of damping a plurality of resonance frequencies in a gas turbine
engine including a combustion structure comprising a combustor liner that defines a
combustion zone and a flow sleeve disposed radially outwardly from the combustor
liner, wherein the flow sleeve cooperates with the combustor liner to define an airflow
space therebetween, the method comprising:

providing a plurality of hollow structures extending radially ocutwardly into the
airflow space, the hollow structures being affixed to and enclosing respective
portions of an outer surface of the cambustor liner,

installing at least one interchangeable metering tube in at least one of the
hollow structures, each interchangeable metering tube being configured to damp a
select resonance frequency within the corresponding hollow structure, wherein each
interchangeable metering tube is detachably coupled o the combustor liner and
provides acoustic communication between the combustion zone and an interior
volume of the corresponding hollow structure;

determining that a different resonance frequency is to be damped within at
least one of the hollow structures that includes an interchangeable metering tubs;

removing, from the at least one hollow structure within which a different
resonance frequency is to be damped, at least one interchangeable metering tube;
and '

installing, into the at least ohe hollow structure within which a different
resonance frequency is {o be damped, an additional interchangeable metering tube
into the combustor liner where the interchangeable metering tube was located, the
additional interchangeable metering tube being configured to damp the different

resonance frequency.
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18.  The method of claim 17, wherein:

an outer tube surface of each of the interchangeable metering tube and the
additional interchangeable metering fube comprises an outer threaded porfion and a
shoulder disposed circumferentially about the outer tube surface;

the portion of the combustor liner enclosed by the hollow structure within
which a different resonance frequency is to be damped comprises a hollow boss
configured to receive the interchangeable metering tube and the additional
interchangeable metering tube, the hollow boss further comprising an interioy
threaded portion that is complementary to the outer threaded portions of the
interchangeable metering tube and the additional interchangeable metering tube;

removing the interchangeable metering tube comprises unscrewing the
interchangeable metering tube from the hollow boss; and

installing the additional interchangeable metering tube comprises threading
the additional interchangeable metering fube into the hollow boss such that the
shoulder of the additional interchangeable metering tube engages a radially outer rim

of the corresponding hollow boss.

19.  The method of claim 17, wherein the hollow structures comprise an airfoil

shape.
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