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FLUID-FILLED DAMPER FOR GAS BEARING ASSEMBLY

FIELD OF THE INVENTION
[0001] The present subject matter relates generally to a bearing assembly, and
more particularly to a fluid-filled damper for a gas bearing assembly that may be used

in a gas turbine engine and methods of filling same.

BACKGROUND OF THE INVENTION
[0002] A gas turbine engine generally includes a fan and a core arranged in flow
communication with one another. Additionally, the core of the gas turbine engine
general includes, in serial flow order, a compressor section, a combustion section, a
turbine section, and an exhaust section. In operation, air is provided from the fan to
an inlet of the compressor section where one or more axial compressors progressively
compress the air until it reaches the combustion section. Fuel is mixed with the
compressed air and burned within the combustion section to provide combustion
gases. The combustion gases are routed from the combustion section to the turbine
section. The flow of combustion gasses through the turbine section drives the turbine
section and is then routed through the exhaust section, e.g., to atmosphere.
[0003] Conventional gas turbine engines include rotor assemblies having shafts,
compressor impellers, turbines, couplings, sealing packs, and other elements required
for optimal operation under given operating conditions. These rotor assemblies have
a mass generating a constant static force due to gravity, and also generate a dynamic
force due to, e.g., imbalances in the rotor assembly during operation. Such gas
turbine engines include bearing assemblies to sustain and support these forces while
permitting rotation of the rotor assembly. A typical bearing assembly includes a
bearing housed within a bearing housing and a bearing pad configured between the
bearing and the shafts.
[0004] Conventional aircraft engines operate using rolling element bearings.
Such oil-requiring bearings support static and dynamics loads from the rotating
system throughout the operating cycle of the engine. Though rolling elements are a
proven technology that have been used since the conception of the jet engine, the

necessity for oil requires several support hardware and ancillary devices. Thus,
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removal of rolling element bearings from the engine system could potentially provide
significant weight savings in addition to improved reliability.

[0005] Accordingly, at least some known rotary machines use gas bearings where
non-oil lubricated bearings are desired. For successful operation, gas bearings must
address typical mission cycle loads. As such, at least two hurdles must be considered
for gas bearings used in high performance turbomachinery, such as aircraft engines,
including 1) load capacity and 2) damping.

[0006] In view of the aforementioned, a hermetically sealed damper and damper
fluid for a gas bearing and method of filling of same that allows for successful

operations at high temperatures would be welcomed in the art.

BRIEF DESCRIPTION OF THE INVENTION
[0007] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned
through practice of the invention.
[0008] In one aspect, the present disclosure is directed to a bearing assembly for a
gas turbine engine. The bearing assembly includes a bearing pad for supporting a
rotary component and a bearing housing attached to or formed integrally with the
bearing pad. The bearing housing includes a first fluid damper cavity positioned
adjacent to the bearing pad, a second fluid damper cavity spaced from the first fluid
damper cavity and in restrictive flow communication with the first fluid damper
cavity via a restrictive channel configured as a clearance gap, and a damper fluid
configured within the first and second fluid damper cavities. Thus, the bearing
housing is configured to transfer the damper fluid from the first fluid damper cavity to
the second fluid damper cavity via the restrictive channel in response to a force acting
on the bearing pad.
[0009] In another aspect, the present disclosure is directed to a method for
providing damping to a gas-lubricated bearing assembly of a gas turbine engine. The
bearing assembly has a bearing pad for supporting a rotary component and a bearing
housing attached to or formed integrally with the bearing pad. Thus, the method
includes filling a first fluid damper cavity of the bearing housing positioned adjacent

to the bearing pad with a damper fluid. Another step includes filling a second fluid
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damper cavity of the bearing housing spaced from the first fluid damper cavity with
the damper fluid, the second fluid damper cavity in restrictive flow communication
with the first fluid damper cavity via a restrictive channel. Further, the method
includes allowing the damper fluid to flow between the first and second fluid damper
cavities via the restrictive channel in response to a force acting on the bearing pad, the
flow of damper fluid providing damping to the gas-lubricated bearing assembly.
[0010] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended figures, in which:
[0012] FIG. 1 illustrates a schematic cross-sectional view of one embodiment of a
gas turbine engine according to the present disclosure;
[0013] FIG. 2 illustrates a side view of one embodiment of a bearing assembly
according to the present disclosure;
[0014] FIG. 3 illustrates an end view of the bearing assembly of FIG. 2;
[0015] FIG. 4 illustrates a perspective, cutaway view of the bearing assembly of
FIG. 2;
[0016] FIG. 5 illustrates a cross-sectional view of the bearing assembly of FIG. 2,
taken along line 5-5;
[0017] FIG. 6 illustrates a cross-sectional view of the bearing assembly of FIG. 2,
taken along line 6-6;
[0018] FIG. 7 illustrates a close-up, cross-sectional view of the bearing assembly
of FIG. 2, particularly illustrating the bearing assembly in a depressed state;
[0019] FIG. 8 illustrates a close-up, cross-sectional view of the bearing assembly

of FIG. 2, particularly illustrating the bearing assembly in an extended state;
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[0020] FIG. 9 illustrates a perspective view of one embodiment of a bearing
assembly incorporated into a turbine nozzle according to the present disclosure;
[0021] FIG. 10 illustrates a simplified, schematic diagram of one embodiment of a
bearing assembly according to the present disclosure;

[0022] FIG. 11 illustrates a flow diagram of one embodiment of a method for
providing damping to a gas-lubricated bearing assembly of a gas turbine engine
according to the present disclosure;

[0023] FIG. 12 illustrates a simplified, generic diagram of a single-piece
hermetically sealed liquid damped gas bearing assembly according to the present
disclosure; and

[0024] FIG. 13 illustrates a schematic diagram of one embodiment of a fill

process of the gas bearing assembly according to the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION
[0025] 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.
[0026] As used herein, the terms “first”, “second”, and “third” may be used
interchangeably to distinguish one component from another and are not intended to
signify location or importance of the individual components.
[0027] 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.
[0028] Generally, the present disclosure is directed to a gas-lubricated bearing
assembly for a gas turbine engine and method of filling same. The bearing assembly
includes a bearing pad for supporting a rotary component and a bearing housing
attached to or formed integrally with the bearing pad. The bearing housing includes a
first fluid damper cavity, a second fluid damper cavity in restrictive flow

communication with the first fluid damper cavity via a restrictive channel configured
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as a clearance gap, and a damper fluid configured within the first and second fluid
damper cavities. More specifically, the damper fluid of the present disclosure is
configured to withstand the high temperature environment of the engine. Thus, the
bearing housing is configured to transfer the damper fluid from the first fluid damper
cavity to the second fluid damper cavity via the restrictive channel in response to a
force acting on the bearing pad.

[0029] Accordingly, the present disclosure provides many advantages not present
in the prior art. For example, the main challenge with damping within gas bearings of
aircraft engines is the operating temperature in the turbine regions, which can reach
900 degrees Fahrenheit (°F), where conventional petroleum/silicon based fluids
cannot operate. As such, the present disclosure provides a fluid-filled damper for gas
bearings that contain fluid that can withstand such temperatures. For example, one
type of fluid which can withstand the temperatures in the turbine sections is liquid
metal (e.g. gallium indium alloys), which can operate above 1500°F and have a
relatively low solidification temperature. Such liquid metals may also have a modest
change in fluid viscosity with temperature. For example, unlike petroleum/silicon
based fluids, gallium indium alloys possess moderate drops viscosity, whereas such
other fluids can decrease by orders of magnitude over several hundred degrees
Fahrenheit. The modest drop in viscosity for indium alloys provides a relatively
constant damping performance through the temperature ranges that the engine
experiences during operation, and therefore allows optimization of damping over
wider operating ranges.

[0030] In addition, another advantage to the damping fluid of the present
disclosure is the coefficient of thermal expansion (CTE). More specifically, the
damping fluid CTE is close to that of metal and therefore the differential CTE
between the bearing housing and the damper fluid is marginal, which allows the
differential expansion between the bearing housing and the damper fluid to be easily
managed, e.g. by providing an accumulation component or flexible/expandable
section to absorb any mismatch in CTE. Other fluids, such as oils or silicon, have a
much larger CTE compared to metal; therefore, the expansion over several hundred

degrees Fahrenheit becomes increasingly difficult.
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[0031] Referring now to the drawings, wherein identical numerals indicate the
same elements throughout the figures, FIG. 1 illustrates one embodiment of a
schematic cross-sectional view of a turbomachine according to the present disclosure.
More particularly, for the embodiment of FIG. 1, the turbomachine is configured as a
gas turbine engine 10, or rather as a high-bypass turbofan jet engine. As shown in
FIG. 1, the gas turbine engine 10 defines an axial direction A1 (extending parallel to a
longitudinal centerline 12 provided for reference), a radial direction R1, and a
circumferential direction (not shown) extending about the axial direction Al. In
general, the turbofan 10 includes a fan section 14 and a core turbine engine 16
disposed downstream from the fan section 14.

[0032] The exemplary core turbine engine 16 depicted generally includes a
substantially tubular outer casing 18 that defines an annular inlet 20. The outer casing
18 encases and the core turbine engine 16 includes, in serial flow relationship, a
compressor section including a booster or low pressure (LP) compressor 22 and a
high pressure (HP) compressor 24; a combustion section 26; a turbine section
including a high pressure (HP) turbine 28 and a low pressure (LP) turbine 30; and a
jet exhaust nozzle section 32. A high pressure (HP) shaft or spool 34 drivingly
connects the HP turbine 28 to the HP compressor 24. A low pressure (LP) shaft or
spool 36 drivingly connects the LP turbine 30 to the LP compressor 22. Accordingly,
the LP shaft 36 and HP shaft 34 are each rotary components, rotating about the axial
direction A1 during operation of the gas turbine engine 10.

[0033] In order to support such rotary components, the gas turbine engine
includes a plurality of air bearing assemblies 100 attached to various structural
components within the gas turbine engine 10. More specifically, in the illustrated
embodiment, the bearing assemblies 100 facilitate rotation of the LP shaft 36 and the
HP shaft 34 and dampen vibrational energy imparted to bearing assemblies 100
during operation of the gas turbine engine 10. Although the bearing assemblies 100
are described and illustrated as being located generally at forward and aft ends of the
respective LP shaft 36 and HP shaft 34, the bearing assemblies 100 may additionally,
or alternatively, be located at any desired location along the LP shaft 36 and HP shaft
34 including, but not limited to, central or mid-span regions of the shafts 34, 36, or

other locations along shafts 34, 36 where the use of conventional bearing assemblies
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100 would present significant design challenges. Further, the bearing assemblies 100
may be used in combination with conventional oil-lubricated bearing assemblies. For
example, in one embodiment, conventional oil-lubricated bearing assemblies may be
located at the ends of shafts 34, 36, and one or more bearing assemblies 100 may be
located along central or mid-span regions of shafts 34, 36.

[0034] Referring still to the embodiment of FIG. 1, the fan section 14 includes a
variable pitch fan 38 having a plurality of fan blades 40 coupled to a disk 42 in a
spaced apart manner. As depicted, the fan blades 40 extend outwardly from disk 42
generally along the radial direction R1. Each fan blade 40 is rotatable relative to the
disk 42 about a pitch axis P by virtue of the fan blades 40 being operatively coupled
to a suitable pitch change mechanism 44 configured to collectively vary the pitch of
the fan blades 40 in unison. The fan blades 40, disk 42, and pitch change mechanism
44 are together rotatable about the longitudinal axis 10 by LP shaft 36 across a power
gearbox 46. The power gear box 46 includes a plurality of gears for adjusting the
rotational speed of the fan 38 relative to the LP shaft 36 to a more efficient rotational
fan speed. More particularly, the fan section includes a fan shaft rotatable by the LP
shaft 36 across the power gearbox 46. Accordingly, the fan shaft may also be
considered a rotary component, and is similarly supported by one or more bearings.
[0035] Referring still to the exemplary embodiment of FIG. 1, the disk 42 is
covered by a rotatable front hub 48 aerodynamically contoured to promote an airflow
through the plurality of fan blades 40. Additionally, the exemplary fan section 14
includes an annular fan casing or outer nacelle 50 that circumferentially surrounds the
fan 38 and/or at least a portion of the core turbine engine 16. The exemplary nacelle
50 1s supported relative to the core turbine engine 16 by a plurality of
circumferentially-spaced outlet guide vanes 52. Moreover, a downstream section 54
of the nacelle 50 extends over an outer portion of the core turbine engine 16 so as to
define a bypass airflow passage 56 therebetween.

[0036] During operation of the gas turbine engine 10, a volume of air 58 enters
the turbofan 10 through an associated inlet 60 of the nacelle 50 and/or fan section 14.
As the volume of air 58 passes across the fan blades 40, a first portion of the air 58 as
indicated by arrows 62 is directed or routed into the bypass airflow passage 56 and a

second portion of the air 58 as indicated by arrow 64 is directed or routed into the
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core air flowpath 37, or more specifically into the LP compressor 22. The ratio
between the first portion of air 62 and the second portion of air 64 is commonly
known as a bypass ratio. The pressure of the second portion of air 64 is then
increased as it is routed through the high pressure (HP) compressor 24 and into the
combustion section 26, where it is mixed with fuel and burned to provide combustion
gases 66.

[0037] The combustion gases 66 are routed through the HP turbine 28 where a
portion of thermal and/or kinetic energy from the combustion gases 66 is extracted via
sequential stages of HP turbine stator vanes 68 that are coupled to the outer casing 18
and HP turbine rotor blades 70 that are coupled to the HP shaft or spool 34, thus
causing the HP shaft or spool 34 to rotate, thereby supporting operation of the HP
compressor 24. The combustion gases 66 are then routed through the LP turbine 30
where a second portion of thermal and kinetic energy is extracted from the
combustion gases 66 via sequential stages of LP turbine stator vanes 72 that are
coupled to the outer casing 18 and LP turbine rotor blades 74 that are coupled to the
LP shaft or spool 36, thus causing the LP shaft or spool 36 to rotate, thereby
supporting operation of the LP compressor 22 and/or rotation of the fan 38.

[0038] The combustion gases 66 are subsequently routed through the jet exhaust
nozzle section 32 of the core turbine engine 16 to provide propulsive thrust.
Simultaneously, the pressure of the first portion of air 62 is substantially increased as
the first portion of air 62 is routed through the bypass airflow passage 56 before it is
exhausted from a fan nozzle exhaust section 76 of the turbofan 10, also providing
propulsive thrust. The HP turbine 28, the LP turbine 30, and the jet exhaust nozzle
section 32 at least partially define a hot gas path 78 for routing the combustion gases
66 through the core turbine engine 16.

[0039] It should be appreciated, however, that the gas turbine engine 10 depicted
in FIG. 1 is provided by way of example only, and that in other exemplary
embodiments, the gas turbine engine 10 may have any other suitable configuration. It
should also be appreciated, that in still other exemplary embodiments, aspects of the
present disclosure may be incorporated into any other suitable gas turbine engine. For
example, in other exemplary embodiments, aspects of the present disclosure may be

incorporated into, e.g., a turboprop engine, a turboshaft engine, or a turbojet engine.
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Further, in still other embodiments, aspects of the present disclosure may be
incorporated into any other suitable turbomachine, including, without limitation, a
steam turbine, a centrifugal compressor, and/or a turbocharger.

[0040] Referring now to FIGS. 2 through 4, a bearing assembly 100 in accordance
with an exemplary embodiment of the present disclosure is illustrated. More
specifically, FIG. 2 illustrates a side view of one embodiment of a bearing assembly
100 according to the present disclosure; FIG. 3 illustrates an end view of the bearing
assembly 100 of FIG. 2; and FIG. 4 illustrates a perspective, cut-away view of the
bearing assembly 100 of FIG. 2. In certain embodiments, the bearing assembly 100
may be incorporated into the gas turbine engine 10 described above with reference to
FIG. 1, or alternatively, the bearing assembly 100 may be incorporated into any other
suitable gas turbine engine or turbomachine.

[0041] As shown, the bearing assembly 100 generally defines an axial direction
A2 (and a central axis 102 extending generally along the axial direction A2), a radial
direction R2, and a circumferential direction C2. Further, the bearing assembly 100
defines an axial opening 104 and is configured to support a rotary component, e.g., of
the gas turbine engine 10, within the axial opening 104. Further, the bearing
assembly 100 generally includes one or more bearing pads 106, each defining inner
and outer surfaces for supporting the rotary component and a housing 110 attached to
or formed integrally with the bearing pad(s) 106. In addition, the bearing assembly
100 is configured as an “air” bearing, or oil-free/oil-less bearing, and accordingly the
housing 110 is generally configured to provide the inner surfaces 108 of the one or
more bearing pads 106 with a flow of a working gas (e.g., air, compressed air and
combustion gases, or the like) during operation to create separation with the rotary
component and provide a low friction means for supporting such rotary component
(not depicted).

[0042] As such, the bearing housing 110 includes a gas inlet 112 (FIG. 3) at a first
end along the axial direction A2 and a supply channel 114 (FIG. 4) extending from
the gas inlet 112 to a column 116. The column 116 is configured to provide the
bearing pad 106 with a flow of the working gas from the supply channel 114, as will
be discussed in greater detail below. Additionally, as shown, the column 116 extends

towards the bearing pad 106 and supports the bearing pad 106. More specifically, as
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shown in the illustrated embodiment, the column 116 fully supports the bearing pad
106. Further, as shown, the column 116 is located approximately at a center of the
bearing pad 106. More particularly, the bearing pad 106 defines a center 118, and the
column 116 is at least partially attached to or formed integrally with the bearing pad
106 proximate the center 118 of the bearing pad 106. However, in other
embodiments, the column 116 may instead be positioned off-center from the bearing
pad 106.

[0043] In certain embodiments, the bearing pad 106 may be configured to
disperse and/or diffuse the working gas to support and/or lubricate the rotary
component during operation of the bearing assembly. In such manner, the bearing
assembly 100 may provide a hydrostatically pressurized compliant bearing pad. For
example, as shown, the bearing pad 106 includes a plurality of gas distribution holes
120 disposed across the bearing pad 106 to provide an evenly distributed pressure
field within the axial opening 104 for supporting and/or lubricating the rotary
component.

[0044] The plurality of gas distribution holes 120 may be configured having any
dimensions or arrangements (e.g., array, pattern or configuration) suitable to function
as described herein. For example, in some embodiments, the plurality of gas
distribution holes 120 may generally have a diameter in the range of between about 2
mils (about 50 micrometers) and about 100 mils (about 2,540 micrometers) and, more
specifically, between about 5 mils (about 127 micrometers) and about 20 mils (about
508 micrometers). Alternatively, or in addition, each bearing pad 106 may have a
sufficiently high gas permeability to permit the working gas received from the column
116 to generate sufficient pressure within the axial opening 104 to provide the support
and/or lubrication of the rotary component.

[0045] Furthermore, as shown in FIG. 5, the bearing assembly 100 includes a
plurality of sections 122 spaced along the circumferential direction C2 of the bearing
assembly 100. Each section 122 may generally include a bearing pad 106 (e.g.,
configured in the same manner described above) and a respective portion of the
housing 110 configured as a damper assembly. Accordingly, as may be seen most
clearly in, e.g., FIG. 3, the bearing assembly 100 includes a plurality of bearing pads

106 substantially evenly spaced along the circumferential direction C2. Further, each
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of the bearing pads 106 defines a respective inner surface 108, with the inner surfaces
108 of the plurality of bearing pads 106 together defining a substantially annular
support surface along the circumferential direction C2 (see, e.g., FIG. 3) and a linear
support surface along the axial direction A2 (see, e.g., FIG. 6, discussed below) for
supporting a rotary component.

[0046] The bearing pads 106 may be fabricated from any material suitable to
withstand the working conditions of the bearing assembly 100. In addition, in some
embodiments, the bearing pads 106 are fabricated from a material having a
sufficiently low porosity to prevent instabilities in the thin gas film created between
bearing pads 106 and the rotary component during operation of, e.g., the
turbomachine. For example, in some embodiments, the bearing pads 106 may be
fabricated from porous carbons, such as carbon graphite, sintered porous ceramics,
and sintered porous metals, such as Inconel® and stainless steel.

[0047] Moreover, in some embodiments, the bearing pad 106 and the bearing
housing 110 of each section 122 may be formed integrally of a single, continuous
material. For example, in some embodiments, each of the bearing pads 106 may be
formed integrally with the housing 110 of the respective section 122 of the bearing
assembly 100, such that the bearing pad 106 and housing 110 of the respective section
122 are fabricated to form a single integral part. Further, in certain embodiments, a
plurality of bearing pads 106 and respective portions of the housing 110 forming two
or more sections 122 may be formed integrally, or further still, each of the plurality of
bearing pads 106 and respective portions of the housing 110 forming the bearing
assembly 100 may be formed integrally.

[0048] The bearing pads 106 and the bearing housing 110 may be fabricated via
any technique suitable to facilitate forming the integral part depicted and described
below. For example, in some embodiments, the bearing pads 106 and the housing
110 may be fabricated using an additive manufacturing process (also known as rapid
prototyping, rapid manufacturing, and 3D printing), such as selective laser sintering
(SLS), direct metal laser sintering (DMLS), electron beam melting (EBM), diffusion
bonding, or selective heat sintering (SHS). It should be appreciated, however, that in
other embodiments one or more of the bearing sections 122, including a bearing pad

106 and a respective portion of the housing 110, may be formed integrally of a single,
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continuous material and joined to separately formed, adjacent bearing sections 122 in
any other suitable manner, such as through a mechanical fastening means.

[0049] Referring now to FIG. 4, and also to FIGS. 5 and 6 providing cross-
sectional views of the bearing assembly 100 (along line 5-5 in FIG. 2 and line 6-6 in
FIG. 3, respectively), as briefly noted above each of the bearing sections 122 includes
a portion of the housing 110 configured as a damper assembly. More particularly, as
shown, the housing 110 at least partially defines a first fluid damper cavity 124 and a
second fluid damper cavity 126. For example, in certain embodiments, the first fluid
damper cavity 124 and the second fluid damper cavity 126 each extend three hundred
and sixty degrees (360") around the column 116. Additionally, the first fluid damper
cavity 124 is positioned adjacent to the bearing pad 106 and the second fluid damper
cavity 126 is spaced from the first fluid damper cavity 124, or more particularly, is
spaced from the first fluid damper cavity 124 along the radial direction R2.

[0050] Further, as shown, the portion of the bearing housing 110 configured as a
damper assembly for each bearing section 122 generally includes a first, outer wall
128 and a second, inner wall 130. In addition, the inner wall 130 and outer wall 128
are configured as a serpentine inner wall 130 and a serpentine outer wall 128 (i.e., a
wall extending in a variety of directions), respectively. For example, the bearing pad
106 generally defines an outer periphery 132. The serpentine outer wall 128 is
attached to or formed integrally with the bearing pad 106 proximate the outer
periphery 132 of the bearing pad 106 (or rather, at the outer periphery 132 of the
bearing pad 106), extends generally towards the center 118 of the bearing pad 106
along the axial direction A2, and subsequently extends back away from the center 118
of the bearing pad 106 along the axial direction A2, connecting with a body 134 of the
housing 110. Similarly, as shown, the inner wall 130 is attached to or formed
integrally with the bearing pad 106 proximate the center 118 of the bearing pad 106
(or rather, at the center 118 of the bearing pad 106), extends generally away from the
bearing pad 106 along the radial direction R2, and subsequently extends away from
the center 118 of the bearing pad 106 along the axial direction A2, also connecting
with the body 134 of the housing 110.

[0051] Further, the outer wall 128 generally includes a semi-rigid portion 136 and

a rigid portion 138, and similarly the inner wall 130 includes a semi-rigid portion 140.
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As shown, the outer wall 128 at least partially defines the first fluid damper cavity
124 and at least partially defines the second fluid damper cavity 126. Additionally,
the bearing pad 106 at least partially defines the first fluid damper cavity 124, and the
inner wall 130 at least partially defines the second fluid damper cavity 126. More
particularly, as shown, the semi-rigid portion 136 of the outer wall 128 and bearing
pad 106 together define the first fluid damper cavity 124, and the rigid portion 138 of
the outer wall 128 and semi-rigid portion 140 of the inner wall 130 together define the
second fluid damper cavity 126.

[0052] It should be appreciated, that as used herein, the terms “semi-rigid” and
“rigid” are relative terms. Accordingly, a portion of a component of the bearing
assembly 100 described as semi-rigid may be configured to bend, flex, or give way
prior to a portion of a component of the bearing assembly 100 described as rigid. For
example, the semi-rigid portions of the various components may be created by
forming such portions with a lesser thickness as compared to the rigid portions of
such components. Further, a component of the bearing assembly 100 described as
“semi-rigid” herein refers to a component configured to bend, flex, or give way
during normal operation of the bearing assembly 100 while incurring little or no
damage.

[0053] Additionally, the first fluid damper cavity 124 is in flow communication
with the second fluid damper cavity 126 through a portion of the column 116.
Specifically, the column 116 depicted is configured as a double-walled column 116
formed from a portion of the inner wall 130 and a portion of the outer wall 128.
Accordingly, the column 116 is supported at a radially outer end by the rigid portion
138 of the outer wall 128 and the semi-rigid portion 140 of the inner wall 130.
Further, at a radially inner end the portion of the column 116 formed by the inner wall
130 is attached to the bearing pad 106 (or rather formed integrally with the bearing
pad 106), and the portion of the column 116 formed by the outer wall 128 is attached
to the bearing pad 106 through the semi-rigid portion 136 of the outer wall 128.
[0054] Moreover, the inner wall 130 defines an inner channel 142 for providing
the bearing pad 106 with the working gas, and the outer wall 128 and inner wall 130
together define an outer channel 144. As will be appreciated, the outer channel 144 is

concentric with the inner channel 142 and defines a substantially annular shape
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around the inner channel 142. Further, for the embodiment depicted, the outer
annular channel 144 is configured as a clearance gap 150 (FIG. 10), such that the first
fluid damper cavity 124 and the second fluid damper cavity 126 are in restrictive flow
communication through the annular channel 144.

[0055] Further, the first fluid damper cavity 124, the second fluid damper cavity
126, and the annular channel 144 are all sealed together, and together define a fixed
volume. Moreover, the bearing housing 110 defines a damper cavity supply 146
(FIG. 6) for filling the first and second fluid damper cavities 124, 126 with a damper
fluid 152, such that during operation, the first and second fluid damper cavities 124,
126 and annular channel 144 are each completely filled with the damper fluid 152. A
cap or other removable or permanent closure means may be positioned over the
damper cavity supply 146 after the cavities 124, 126 are filled. The bearing assembly
100 is configured to transfer the damper fluid 152 from the first fluid damper cavity
124, through the annular channel 144/clearance gap 150, and to the second fluid
damper cavity 126 in response to a force acting on the bearing pad 106.

[0056] Referring now to FIGS. 7 and 8, side, cross-sectional views of a portion of
the bearing assembly 100 are illustrated. More specifically, FIG. 7 illustrates a side,
close-up, cross-sectional view of the bearing assembly 100 of the present disclosure
having absorbed a force acting on the bearing pad 106, whereas FIG. 8 illustrates a
side, close-up, cross-sectional view of the bearing assembly 100 without a force
acting on the bearing pad 106.

[0057] When a force acts on the bearing pad 106, such as when a rotary
component supported by the bearing assembly 100 presses on the bearing pad 106
generally along the radial direction R2, the portion of the housing 110 forming the
damper assembly allows for the bearing pad 106 to move along the radial direction
R2, absorbing such force. More particularly, as the column 116 supporting the
bearing pad 106 moves up, the semi-rigid portion 136 of the outer wall 128 partially
deforms (decreasing a volume of the first fluid damper cavity 124), a portion of the
damping fluid within the first fluid damper cavity 124 is forced through the annular
restrictive channel 144 of the column 116, configured as a clearance gap 150, and
flows into the second fluid damper cavity 126. At the same time, the rigid portion

138 of the outer wall 128 remains substantially stationary, and the semi-rigid portion
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140 of the inner wall 130 partially deforms to increase a volume of the second fluid
damper cavity 126 and accept the portion of the dampening fluid provided through the
annular restrictive channel 144 of the column 116 from the first fluid damper cavity
124. Such movement absorbs the force exerted on the bearing pad 106, and dampens
such movement through viscous dissipation experienced within the annular restrictive
channel 144 of the column 116. For example, the relatively tight clearance of the
annular restrictive channel 144/clearance gap resists vibratory velocity of the bearing
pad 106 along the radial direction R2. Reversal of the force exerted on the bearing
pad 106, the dampening fluid transferred to the second fluid damper cavity 126 may
reverse in flow direction, and flow back through the outer channel 144 of the column
116 to the first fluid damper cavity 124 (FIG. 8).

[0058] Referring now to FIG. 9, the bearing assembly 100 described herein may
be integrated into a turbine nozzle 200 of an aircraft engine. In such embodiments,
guide vanes 202 of the nozzle 200 may be disposed between, and supported by, the
housing 110 of the bearing assembly 100 and an outer ring 204 of the turbine nozzle
200.

[0059] Referring now to FIG. 10, a simplified, schematic diagram of one
embodiment of the bearing assembly 100 is illustrated. As shown, the bearing
assembly 100 includes a bearing pad 106 for supporting a rotary component and a
bearing housing 110 attached to or formed integrally with the bearing pad 106.
Further, as mentioned, the bearing housing 110 includes a first fluid damper cavity
124 positioned adjacent to the bearing pad 106 and a second fluid damper cavity 126
spaced from the first fluid damper cavity 124. In addition, as shown, the second fluid
damper cavity 126 is in restrictive flow communication with the first fluid damper
cavity 124 via a channel 144 configured as a clearance gap 150. Each of the fluid
damper cavities 124, 126 contain a damper fluid 152 configured therein. Further, the
damper fluid 152 is configured to withstand the high temperatures of the gas turbine
engine 10. Further, as mentioned, the bearing housing 110 is configured to transfer
the damper fluid 152 from the first fluid damper cavity 124 to the second fluid
damper cavity 126 via the channel 144 in response to a force acting on the bearing

pad 110.
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[0060] In further embodiments, each of the first and second fluid damper cavities
124, 126 may have a fill hole 158, 160 to allow the first and second fluid damper
cavities 124, 126 to be filled, respectively, which will be discussed in more detail with
regards to FIGS. 11 and 12. Further, in certain embodiments, it is important for each
cavity 124, 126 to have a fill hole due to the high restriction through the channel 144.
[0061] The damper fluid 152 as described herein may include any suitable fluid
that is capable of withstanding the high temperatures experienced during turbine
operation. For example, in one embodiment, the damper fluid 152 may include a
fluid having a viscosity that decreases with temperature by less than 10% for every
100 degrees Fahrenheit. More specifically, in certain embodiments, the damper fluid
152 may include a liquid metal. For example, in particular embodiments, the liquid
metal may include a gallium-based liquid metal, which can operate above 1500°F and
have a relatively low solidification temperature. Even more particular, the gallium-
based liquid metal may include a gallium indium alloy. Such liquid metals have a
modest change in fluid viscosity with temperature. For example, unlike
petroleum/silicon based fluids, gallium indium alloys only slightly drops viscosity,
whereas such other fluids can decrease by orders of magnitude over several hundred
degrees Fahrenheit. The modest drop in viscosity for indium alloys provides a
relatively constant damping performance through the temperature ranges that the
engine experiences during operation.

[0062] In addition, another advantage of the damper fluid 152 is the coefficient of
thermal expansion (CTE). More specifically, the damping fluid CTE is close to that
of metal and therefore the differential CTE between the bearing housing 110 and the
damper fluid 152 is marginal, which allows the differential expansion between the
bearing housing 110 and the damper fluid 152 to be easily managed, e.g. by providing
an accumulation component 156 (FIG. 10) or flexible/expandable section to absorb
any mismatch in CTE. Other fluids, such as oils or silicon, have a much larger CTE
compared to metal; therefore, the expansion over several hundred degrees Fahrenheit
becomes difficult. Thus, in certain embodiments, a coefficient of thermal expansion
of the damper fluid 152 may be approximately equal to a coefficient of thermal
expansion of the bearing housing 110 plus or minus about 20%, more preferably plus

or minus about 10%. As such, as shown in FIG. 10, the differential expansion
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between the bearing housing 110 and the damper fluid 152 can be managed by the
accumulation component 156 configured to absorb excess damper fluid 152 caused by
a mismatch in the coefficients of thermal expansion. It should be understood that the
accumulation component 156 may be rigid or may be flexible/expandable to
accommodate excess damper fluid 152. In addition, as shown, the accumulation
component 156 may be mounted to the bearing housing 110, i.e. in fluid
communication with the first and second fluid damper cavities 124, 126.

[0063] Referring now to FIG. 11, the present disclosure is directed to a method
300 for providing damping to a gas-lubricated bearing assembly 100 of a gas turbine
engine 10. As shown at 302, the method 300 includes filling a first fluid damper
cavity 124 of the bearing housing 110 positioned adjacent to the bearing pad 106 with
a damper fluid 152. As shown at 304, the method 300 filling a second fluid damper
cavity 126 of the bearing housing 110 spaced from the first fluid damper cavity 124
with the damper fluid 152, the second fluid damper cavity 126 in restrictive flow
communication with the first fluid damper cavity 124 via a channel 144. As shown at
306, the method 300 allowing the damper fluid 152 to flow between the first and
second fluid damper cavities 124, 126 via the channel 144 in response to a force
acting on the bearing pad 106, with the flow of damper fluid 152 providing damping
to the gas-lubricated bearing assembly 100.

[0064] In one embodiment, the method 300 may further include controlling the
damping of the gas-lubricated bearing assembly as a function of at least one of
volumetric displacement of the damper fluid 152 per unit linear displacement of the
bearing pad, a size of the channel, and a viscosity of the damper fluid 152.

[0065] In another embodiment, the step of filling the first and second fluid
damper cavities 124, 126 of the bearing housing 110 may include filling the first
damper cavity 124 with the damper fluid 152 and allowing the damper fluid 152 to
flow from the filled first fluid damper cavity 124 to the second fluid damper cavity
126 via the channel 144.

[0066] For example, as shown in FIGS. 12 and 13, the first and second fluid
damper cavities 124, 126 may be filled with a damper fluid filling system 250 having
inlet tubing 252, outlet tubing 254, one or more valves 256, 258, a vacuum pump 260,

and a damper fluid reservoir 262 for filling the first and second damper cavities 124,
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126. More specifically, the inlet tubing 252 and an inlet valve 256 may be configured
with the damper fluid reservoir and the outlet tubing 254 and an outlet valve 258 may
be configured with the vacuum pump 260. Further, the method 300 may include
arranging the inlet tubing 252 with the fill hole 158 of the first fluid damper cavity
124 and arranging the outlet tubing 254 with the fill hole 160 of the second fluid
damper cavity 126. Thus, as shown in FIG. 12, while the inlet valve 256 remains
closed and the outlet valve 258 remains opened, the method 300 may include
evacuating, via the vacuum pump 260, air from within the first and second fluid
damper cavities 124, 126 so as drop a pressure within the first and second fluid
damper cavities 124, 126 near pure vacuum before filling the cavities 124, 126 with
the damper fluid 152.

[0067] Subsequently, as shown in FIG. 13, once the cavities 124, 126 are
evacuated and the pressure is dropped near pure vacuum, both valves 256, 258 may be
opened such that the first fluid damper cavity 124 may be filled with the damper fluid
152 via the inlet tubing 252. Moreover, the method 300 includes allowing the damper
fluid 152 to flow from the filled first fluid damper cavity 124 to the second fluid
damper cavity 126 via the channel 144. Once the first and second fluid damper
cavities 124, 126 are filled, the method 300 includes removing the inlet and outlet
tubing 252, 254 and capping the fill holes 128, 160 of the first and second fluid
damper cavities 124, 126.

[0068] 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 making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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WHAT IS CLAIMED I8S:
1. A bearing assembly for a gas turbine engine, the bearing assembly
comprising:

a bearing pad for supporting a rotary component; and
a bearing housing attached to or formed integrally with the bearing pad, the
bearing housing comprising:

a first fluid damper cavity positioned adjacent to the bearing pad;

a second fluid damper cavity spaced from the first fluid damper cavity
and in restrictive flow communication with the first fluid damper cavity via a restrictive
channel configured as a clearance gap;

a damper fluid configured within the first and second fluid damper
cavities, the bearing housing configured to transfer the damper fluid from the first fluid
damper cavity to the second fluid damper cavity via the restrictive channel in response
to a force acting on the bearing pad; and

a column extending towards the bearing pad for providing the bearing

pad with an airflow and fully supporting the bearing pad.

2. The bearing assembly of claim 1, wherein the first and second fluid
damper cavities and the restrictive channel are sealed together and together define a

fixed volume.

3. The bearing assembly of claim 1, wherein the damper fluid comprises
a fluid comprising a viscosity that decreases with temperature by less than 10% for

every 100 degrees Fahrenheit.

4. The bearing assembly of claim 3, wherein the damper fluid comprises

a liquid metal.

5. The bearing assembly of claim 4, wherein the liquid metal comprises

a gallium-based liquid metal.

6. The bearing assembly of claim 5, wherein the gallium-based liquid

metal comprises a gallium indium alloy.
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7. The bearing assembly of claim 1, wherein a coefficient of thermal
expansion of the damper fluid is approximately equal to a coefficient of thermal

expansion of the bearing housing plus or minus about 20%.

8. The bearing assembly of claim 7, further comprising an accumulation
component configured to absorb excess damper fluid caused by a mismatch in the
coefficient of thermal expansion of the damper fluid and the coefficient of thermal

expansion of the bearing housing.

9, The bearing assembly of claim 8, wherein the accumulation

component is mounted to the bearing housing.

10.  The bearing assembly of claim 1, wherein each of the first and second
fluid damper cavities comprises a fill hole to allow the first and second fluid damper

cavities to be filled, respectively.

11.  The bearing assembly of claim 1, wherein the bearing assembly
defines a radial direction, the first fluid damper cavity being spaced from the second

fluid damper cavity along the radial direction.

12.  The bearing assembly of claim 1, wherein the bearing housing
comprises a first wall comprising a semi-rigid portion and a rigid portion, wherein the
semi-rigid portion of the first wall at least partially defines the first fluid damper cavity,
and wherein the rigid portion of the first wall at least partially defines the second fluid

damper cavity.

13.  The bearing assembly of claim 12, wherein the bearing housing
further comprises a second wall comprising a semi-rigid portion, wherein the semi-rigid

portion of the second wall at least partially defines the second fluid damper cavity.

14. A method for providing damping to a gas-lubricated bearing
assembly of a gas turbine engine, the bearing assembly having a bearing pad for
supporting a rotary component and a bearing housing attached to or formed integrally

with the bearing pad, the method comprising:

20

CA 3020816 2020-03-20



285833-3

filling a first fluid damper cavity of the bearing housing positioned adjacent
to the bearing pad with a damper fluid;

filling a second fluid damper cavity of the bearing housing spaced from the
first fluid damper cavity with the damper fluid, the second fluid damper cavity in
restrictive flow communication with the first fluid damper cavity via a restrictive
channel; and

allowing the damper fluid to flow between the first and second fluid damper
cavities via the restrictive channel in response to a force acting on the bearing pad, the
flow of damper fluid providing damping to the gas-lubricated bearing assembly,

wherein the bearing housing comprises a column extending towards the
bearing pad for providing the bearing pad with an airflow and fully supporting the
bearing pad.

15.  The method of claim 14, further comprising controlling the damping
of the gas-lubricated bearing assembly as a function of at least one of volumetric
displacement of the damper fluid per unit linear displacement of the bearing pad, a size

of the restrictive channel, and a viscosity of the damper fluid.

16.  The method of claim 14, wherein filling the first fluid damper cavity
of the bearing housing and filling the second fluid damper cavity of the bearing housing
further comprises:

filling the first damper cavity with the damper fluid; and

allowing the damper fluid to flow from the filled first fluid damper cavity to

the second fluid damper cavity via the restrictive channel.

17.  The method of claim 16, further comprising:

providing a damper fluid filling system having inlet tubing, outlet tubing, one
or more valves, a vacuum pump, and a damper fluid reservoir for filling the first and
second damper cavities;

arranging the inlet tubing with a fill hole of the first damper cavity;

arranging the outlet tubing with a fill hole of the second damper cavity;

filling the first damper cavity with the damper fluid via the inlet tubing;
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allowing the damper fluid to flow from the filled first fluid damper cavity to
the second fluid damper cavity via the restrictive channel; and
once the first and second cavities are filled, removing the inlet and outlet

tubing and capping the fill holes of the first and second fluid damper cavities.

18.  The method of claim 17, further comprising, before filling the first
fluid damper cavity, evacuating, via the vacuum pump, air from within the first and
second fluid damper cavities so as drop a pressure within the first and second fluid

damper cavities.

19.  The method of claim 18, further comprising:

providing at least one valve in the inlet tubing and at least one valve in the
outlet tubing;

arranging the inlet tubing and the inlet tubing valve with the damper fluid
Teservoir;

arranging the outlet tubing and the outlet tubing valve with the vacuum
pump;

closing the inlet tubing valve and opening the outlet tubing valve during
evacuating; and

opening the inlet tubing valve and the outlet tubing valve during filling.
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