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GAS TURBINE ENGINE WASH SYSTEM

FIELD
[0001] The present subject matter relates generally to a wash system for a gas

turbine engine.

BACKGROUND
[0002] Typical aircraft propulsion systems include one or more gas turbine
engines. For certain propulsion systems, the gas turbine engines generally include 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] During operation, a substantial amount of air is ingested by such gas
turbine engines. However, such air may contain foreign particles. A majority of the
foreign particles will follow a gas path through the engine and exit with the exhaust
gases. However, at least certain of these particles may stick to certain components
within the gas turbine engine’s gas path, potentially changing aerodynamic properties
of the engine and reducing engine performance.
[0004] In order to remove such foreign particles from within the gas path of the
gas turbine engine, water or other fluids may be directed through an inlet of the gas
turbine engine, while the core engine is cranked using a starter motor. For example,
the starter motor may be configured to rotate the core engine at several thousand
revolutions per minute during these wash operations. Such movement may enhance

the wash results by mechanical engagement between the water and components.
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Additionally, such rotation may also urge the water through the engine and out the
exhaust section.

[0005] However, the inventors of the present disclosure have discovered that
rotating the core engine at the relatively high rotational speeds during wash operations
may not allow the water or wash fluid time to react with any foreign particles within
the gas path of the gas turbine engine. Accordingly, the inventors of the present
disclosure have discovered that a wash system configured to provide the water or
wash fluid additional time to react with any foreign particles within the gas path of the

gas turbine engine during washing operations would be useful.

BRIEF DESCRIPTION
[0006] 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.
[0007] In one embodiment of the present disclosure, a wash system for a gas
turbine engine is provided. The gas turbine engine includes a compressor section, a
turbine section, and an accessory gearbox. The wash system includes a core turning
assembly having a motor configured to be mechanically coupled to the gas turbine
engine for rotating one or more components of the compressor section or the turbine
section at a rotational speed greater than two (2) revolutions per minute and less than
five hundred (500) revolutions per minute during washing operations of the gas
turbine engine.
[0008] In another exemplary embodiment of the present disclosure, a wash system
for a gas turbine engine is provided. The gas turbine engine includes a compressor
section and a turbine section. The wash system includes an accessory gearbox
configured to be attached to the gas turbine engine and a core turning assembly. The
core turning assembly includes a motor attached to the accessory gearbox and
configured to rotate one or more components of the compressor section or the turbine
section at a rotational speed greater than two (2) revolutions per minute and less than
five hundred (500) revolutions per minute when the accessory gearbox is attached to

the gas turbine engine and during washing operations of the gas turbine engine.
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[0009] In an exemplary aspect of the present disclosure, a method for washing a
gas turbine engine is provided. The method includes attaching a motor of a core
turning assembly to an accessory gearbox of the gas turbine engine. The method also
includes rotating at least a portion of a compressor section or a turbine section of the
gas turbine engine using the motor of the core turning assembly. The method also
includes providing a wash fluid to a core air flowpath of the gas turbine engine.
[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 is a schematic, cross-sectional view of a gas turbine engine in
accordance with an exemplary embodiment of the present disclosure.
[0013] FIG. 2 is a schematic, cross-sectional view of a compressor section of the
exemplary gas turbine engine of FIG. 1 and a wash system in accordance with an
exemplary embodiment of the present disclosure.
[0014] FIG. 3 is a schematic, cross-sectional view of a combustion section of the
exemplary gas turbine engine of FIG. 1 and a wash system in accordance with an
exemplary embodiment of the present disclosure.
[0015] FIG. 4 is a schematic view of an accessory gearbox and a core turning
assembly of a wash system in accordance with an exemplary embodiment of the
present disclosure.
[0016] FIG. 5 is a close-up, schematic view of the exemplary core turning
assembly of the wash system of FIG. 4.
[0017] FIG. 6 is a schematic view of an accessory gearbox and a core turning
assembly of a wash system in accordance with another exemplary embodiment of the

present disclosure.
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[0018] FIG. 7 is a schematic view of an accessory gearbox and a core turning
assembly of a wash system in accordance with yet another exemplary embodiment of
the present disclosure.

[0019] FIG. 8 is a flow diagram of a method for washing a gas turbine engine in
accordance with an exemplary aspect of the present disclosure.

[0020] FIG. 9 is a flow diagram of a method for washing a gas turbine engine in

accordance with another exemplary aspect of the present disclosure.

DETAILED DESCRIPTION
[0021] Reference will now be made in detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying
drawings. The detailed description uses numerical and letter designations to refer to
features in the drawings. Like or similar designations in the drawings and description
have been used to refer to like or similar parts of the invention. As used herein, the
terms “first”, “second”, and “third” may be used interchangeably to distinguish one
component from another and are not intended to signify location or importance of the
individual components. The terms “forward” and “aft” refer to relative positions
within a gas turbine engine, with forward referring to a position closer to an engine
inlet and aft referring to a position closer to an engine nozzle or exhaust. 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.
[0022] Referring now to the drawings, wherein identical numerals indicate the
same elements throughout the figures, FIG. 1 is a schematic cross-sectional view of a
gas turbine engine in accordance with an exemplary embodiment of the present
disclosure. More particularly, for the embodiment of FIG. 1, the gas turbine engine is
a high-bypass turbofan jet engine 10, referred to herein as “turbofan engine 10.” As
shown in FIG. 1, the turbofan engine 10 defines an axial direction A (extending
parallel to a longitudinal centerline 12 provided for reference), a radial direction R,
and a circumferential direction (i.e., a direction extending about the axial direction A;
not depicted). In general, the turbofan 10 includes a fan section 14 and a core turbine

engine 16 disposed downstream from the fan section 14.
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[0023] 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, 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. The
compressor section, combustion section 26, and turbine section together define at
least in part a core air flowpath 37 of the turbofan engine 10. 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.

[0024] For the embodiment depicted, the fan section 14 includes a fan 38 having a
plurality of fan blades 40 coupled to a disk 42 in a spaced apart manner. As is
depicted, the fan blades 40 extend outwardly from disk 42 generally along the radial
direction R. The disk 42 is covered by rotatable front nacelle 48 aerodynamically
contoured to promote an airflow through the plurality of fan blades 40. The fan blades
40 and disk 42 are together rotatable about the longitudinal axis 12 by LP shaft 36.
[0025] As is depicted, the exemplary turbofan engine 10 further includes an
accessory gearbox 45 attached to the gas turbine engine and mechanically coupled to
a spool of the gas turbine engine. More specifically, the accessory gearbox 45 is
attached to the core turbine engine 16 of the turbofan engine 10, and is mechanically
coupled to the LP spool 36 of the turbofan engine 10 through a transfer gearbox 46
and transfer shaft 47. Although not depicted, an electric machine (i.e., a starter
motor/generator) may be coupled to the accessory gearbox 45 for, e.g., starting the
turbofan engine 10 and/or generating electrical power once the turbofan engine 10 is
running.

[0026] Referring still to the exemplary embodiment of FIG. 1, 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
nacelle 50 is supported relative to the core turbine engine 16 by a plurality of

circumferentially-spaced outlet guide vanes 52. Additionally, a downstream section
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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.

[0027] During operation of the turbofan 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 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.

[0028] 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.

[0029] 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.
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[0030] It should be appreciated, however, that the exemplary turbofan engine 10
depicted in FIG. 1 is by way of example only, and that in other exemplary
embodiments, the turbofan engine 10 may have any other suitable configuration. For
example, in other exemplary embodiments, the turbofan engine 10 may be configured
as a geared turbofan engine (i.e., including a reduction gearbox); may not include
variable-pitch fan blades; may include any other suitable number of spools,
compressors, or turbines; etc. Additionally, the turbofan engine 10 may instead be
configured as any other suitable aeronautical gas turbine engine, such as a turboshaft
engine, turboprop engine, turbojet engine, etc. Additionally, still, the turbofan engine
10 may instead be configured as an aeroderivative gas turbine engine (e.g., for
nautical applications), an industrial gas turbine engine, or as any other suitable gas
turbine engine.

[0031] Moreover, it will be appreciated that after prolonged use of the turbofan
engine 10 of FIG. 1, deposits, foreign particles, and other sediments may become
attached to or form on certain of the components within the core air flowpath 37 of
the turbofan engine 10. Accordingly, it may be beneficial at certain intervals to wash
the turbofan engine 10 to remove such deposits, foreign particles, and other
sediments. Referring now to FIGS. 2 and 3, close-up views are provided of certain
locations of the exemplary turbofan engine 10 of FIG. 1 during washing operations by
a wash system 100.

[0032] Referring first to FIG. 2, the wash system 100 is depicted washing a
forward end of the exemplary turbofan engine 10 of FIG. 1. Specifically, the wash
system 100 is depicted washing at least the LP compressor 22 of the compressor
section of the turbofan engine 10. As is depicted, the LP compressor 22 includes a
plurality of LP compressor rotor blades 80 rotatable with the LP shaft 36 and a
plurality of stationary LP compressor stator vanes 82. Moreover, the turbofan engine
10 defines one or more inspection holes 84 leading to the core air flowpath 37 of the
turbofan engine 10. For the embodiment depicted, the inspection holes 84 may also be
referred to as borescope holes.

[0033] Additionally, for the embodiment depicted the wash system 100 generally
includes a wash fluid source 102 having a pump 104 (shown in phantom) and one or

more wash fluid lines. During the washing operations of the turbofan engine 10
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(shown), the one or more wash fluid lines are each positioned in fluid communication
with a location within the core air flowpath 37 of the turbofan engine 10 for providing
a wash fluid to the core air flowpath 37 of the turbofan engine 10. More specifically,
the exemplary wash system 100 depicted in FIG. 2 includes a first wash fluid line 106
having a nozzle at a distal end oriented to provide wash fluid through the inlet 20 of
the core turbine engine 16 to the core air flowpath 37. The wash system 100 further
includes a second wash fluid line 108 extending through an inspection hole 84 defined
by the turbofan engine 10 at the LP compressor 22 of the compressor section. The
second wash fluid line 108 similarly includes a nozzle, the nozzle positioned within
the core air flowpath 37 at a distal end of the second wash fluid line 108 for providing
wash fluid to a portion of the core air flowpath 37 extending through the LP
compressor 22.

[0034] Referring now to FIG. 3 the wash system 100 is depicted washing a
combustion section 26 of the exemplary turbofan engine 10 of FIG. 1. More
specifically, the wash system 100 is depicted washing a combustor assembly 86 of the
combustion section 26 of the exemplary turbofan engine 10 of FIG. 1. As is depicted,
the combustor assembly 86 generally includes an inner liner 88 and an outer liner 90
spaced along the radial direction R. Additionally, the combustor assembly 86 includes
a dome 92 at a forward end attached to or formed integrally with the inner and outer
liners 88, 90. The dome 92, inner liner 88, and outer liner 90 together define at least in
part a combustion chamber 94, which is configured as part of the core air flowpath 37
through the core turbine engine 16. Additionally, the dome 92 defines an opening 96
through which one or more fuel-air mixers 98 extend.

[0035] The exemplary combustion section 26 of the turbofan engine 10 depicted
additionally defines one or more inspection holes 84 leading to the core air flowpath
37, or more specifically, leading to the combustion chamber 94. The exemplary
inspection holes 84 depicted extend through an outer casing 97 surrounding the
combustor assembly 86 and the outer liner 90 of the combustor assembly 86. In
certain exemplary embodiments, the inspection holes 84 may be configured as
borescope holes, or instead may be configured as igniter holes (i.e., where an igniter,

not shown, of the combustor assembly 86 has been removed).
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[0036] FIG. 3 further to depicts schematically the exemplary wash system 100.
The exemplary wash system 100 of FIG. 3 may be the same wash system 100 as is
described above with reference to FIG. 2. Accordingly, for the embodiment depicted
the wash system 100 generally includes a wash fluid source 102 having a pump 104
(shown in phantom) and one or more wash fluid lines. During the washing operations
of the turbofan engine 10 (shown), the one or more wash fluid lines are positioned in
fluid communication with a location within the core air flowpath 37 of the turbofan
engine 10 for providing a wash fluid to the core air flowpath 37 of the turbofan engine
10 during such washing operations. More specifically, the exemplary wash system
100 depicted in FIG. 3 includes a third wash fluid line 110 having a nozzle at a distal
end positioned within the combustion chamber 94 to provide wash fluid to the
combustion chamber 94. More specifically, still, the third wash fluid line 110 extends
through the one or more inspection holes 84 defined in the combustion section 26 and
into the combustion chamber 94 to provide wash fluid to the combustion chamber 94
during washing operations.

[0037] It will be appreciated, however, that the exemplary wash system 100
depicted in FIGS. 2 and 3 is provided by way of example only, and in other
exemplary embodiments, the wash system 100 may have any other suitable
configuration. For example, in other exemplary embodiments, the wash system 100
may further include wash lines extending through inspection holes 84 in or to the HP
compressor 24, the HP turbine 28, the LP turbine 30, and/or any other suitable
location to provide wash fluid to the core air flowpath 37. Additionally, or
alternatively, in other exemplary embodiments, the wash system 100 may simply
provide wash fluid to the core air flowpath 37 through the inlet 20 to the core turbine
engine 16 (as is shown with the first wash fluid line 106 depicted in FIG. 2).

[0038] In certain exemplary embodiments, the wash fluid may be a foam
detergent, such as a heated foam detergent. More specifically, in certain exemplary
embodiments, the wash fluid may be a reactive foam detergent configured to react
with and breakdown foreign particles within the core air flowpath 37. The benefits of
such an embodiment will be appreciated more fully from the description below.

Notably, however, in other exemplary embodiments, the wash fluid may instead be
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any other suitable wash fluid, such as a wash liquid including, e.g., water and
detergent, or any other suitable wash fluid.

[0039] Referring now to FIG. 4, a schematic view is provided of an exemplary
accessory gearbox 112 for a gas turbine engine, along with a wash system 100, in
accordance with an exemplary embodiment of the present disclosure. The accessory
gearbox 112 of FIG. 4 may be configured to be attached to the exemplary turbofan
engine 10 of FIG. 1, similar to the exemplary accessory gearbox 45 depicted in FIG.
1, or alternatively may be configured to be attached to any other suitable gas turbine
engine.

[0040] As is depicted, the exemplary accessory gearbox 112 generally includes an
outer casing 114 surrounding various internal components of the accessory gearbox
112. The accessory gearbox 112 may be attached to a gas turbine engine at the outer
casing 114. The accessory gearbox 112 additionally includes a plurality of accessory
pads 116 positioned adjacent to a respective plurality of accessory gears 118. Each of
the accessory gears 118 is mechanically coupled to one another through, e.g., meshing
teeth 119 to transmit torque between the plurality of accessory gears 118.
Additionally, each of the plurality of accessory gears 118 is supported within the outer
casing 114 of the accessory gearbox 112 by one or more bearings 120. Moreover, for
the exemplary embodiment depicted, each accessory gear 118 defines a cylindrical
opening 122 with a splined portion 124 for coupling to the respective accessory
systems (not shown). For example, during operation of the gas turbine engine,
accessory systems may be attached to the respective accessory pads 116 and may
include a shaft (not shown) extending into the accessory gearbox 112. The shafts of
the accessory systems may extend through the respective cylindrical opening 122 and
couple to the respective splined portion 124 in order to mechanically couple the
accessory system to the respective accessory gear 118. Rotation of an accessory gear
118 may therefore correspondingly drive a respective accessory system. The
accessory systems may include, for example, a lubrication oil system of the gas
turbine engine, etc.

[0041] Notably, however, in other exemplary embodiments, the accessory
gearbox 112 may include any other suitable configuration of accessory pads 116 and

accessory gears 118. Additionally, in other exemplary embodiments, one or more of
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the plurality of accessory gears 118 may be coupled to a respective accessory system
in any other suitable manner.

[0042] Referring still to FIG. 4, the accessory gearbox 112 may additionally be
used to startup the gas turbine engine. For example, at least one of the accessory pads
116 and accessory gears 118 is a starter gear 118A and starter pad 116A. A starter
motor/generator (not shown) is configured to be attached to the starter pad 116A and
generally includes a driveshaft (not shown) that extends through the accessory
gearbox 112 (similar to the horizontal driveshaft 134, described below) and
mechanically couples to the starter gear 118A. The driveshaft of the starter
motor/generator includes a splined end (similar to the splined end 135 of the
horizontal driveshaft 134, described below) that couples to a transfer gearbox 46
(depicted in phantom). The transfer gearbox 46 is, in turn, mechanically coupled to
the core turbine engine 16 (see, e.g., FIG. 1).

[0043] By contrast, once the gas turbine engine is operating under its own power,
rotational power may be transferred from the core turbine engine 16, through the
transfer gearbox 46, through the driveshaft, to the starter gear 118A, and accordingly,
to each of the additional accessory gears 118 and accessory systems. Such a
configuration allows for the core turbine engine 16 to power the various accessory
systems during operation of the gas turbine engine.

[0044] Notably, during washing operations of the gas turbine engine, it is
beneficial to rotate certain components of the core turbine engine 16, including, e.g.,
one or more of the LP compressor 22, HP compressor 24, HP turbine 28, and LP
turbine 30, to urge wash fluid through the core air flowpath 37. Prior washing
operations have used the starter motor/generator to rotate these components of the
core turbine engine 16 during washing operations. The starter motor/generator,
however, is typically configured as a relatively high power motor for rotating these
components of the gas turbine engine at relatively high rotational speeds. Such may
be beneficial to provide, e.g., an abrasive and kinematic impact of the wash fluid
against the components of the gas turbine engine. However, the inventors of the
present disclosure have discovered that contrary to these conventional and known
benefits, rotating these components at the relatively high rotational speeds may not

provide the wash fluid much with time to react with the components within the core
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air flowpath 37 of the gas turbine engine. For example, when the wash fluid is
configured as a reactive foam wash fluid, rotating the components of the gas turbine
engine and the relatively high rotational speeds may prevent the reactive foam wash
fluid from operating is desired.

[0045] Accordingly, the inventors of the present disclosure have provided a core
turning assembly 126 configured to rotate one or more components of the gas turbine
engine at a more desirable rotational speed. More specifically, the core turning
assembly 126 includes a motor 128 configured to be mechanically coupled to the gas
turbine engine for rotating one or more components of the compressor section or the
turbine section of the gas turbine engine during washing operations of the gas turbine
engine. For example, one or more of the wash fluid lines (e.g., one or more of the
first, second, or third wash fluid lines 106, 108, 110) may be configured for providing
a wash fluid to at least one of the compressor section or the turbine section of the gas
turbine engine during rotation of the one or more components of at least one of the
compressor section or the turbine section by the motor 128.

[0046] As will be appreciated, in at least certain exemplary embodiments, the one
or more components of the compressor section or the turbine section of the gas
turbine engine rotated by the motor during such washing operations may include a
compressor of the compressor section and a turbine of the turbine section, such as the
LP compressor 22 of the compressor section and the LP turbine 30 of the turbine
section. As will further be appreciated, rotating the LP compressor 22 and LP turbine
30 will generate a flow through the core air flowpath 37, which in turn will rotate the
HP components (e.g., the HP compressor 24 and HP turbine 28 for the exemplary
turbofan 10 of FIG. 1).

[0047] Referring now also to FIG. 5, a close-up view of the core turning assembly
126 of FIG. 4 is provided. For the exemplary embodiment depicted in FIGS. 4 and 5,
the motor 128 of the core turning assembly 126 is attached to the accessory gearbox
112, or rather to the starter pad 116A of the accessory gearbox 112, through a bracket
130. The bracket 130 is configured to align with the existing structure of the
accessory gearbox 112, and more specifically is configured to attach to existing
openings 132 in the outer casing 114 of the accessory gearbox 112. Additionally, the

exemplary core turning assembly 126 of FIG. 4 further includes a horizontal
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driveshaft 134 mechanically coupled to the motor 128 and extending at least partially
through the accessory gearbox 112. As is depicted, the horizontal driveshaft 134
further includes a splined end 135 configured to be coupled to the transfer gearbox 46
to transmit torque through the transfer gearbox 46 to one or more components of at
least one of the compressor section or the turbine section of the gas turbine engine.
[0048] Notably, it will be appreciated that for the embodiment depicted, the motor
128 is mechanically coupled to the horizontal driveshaft 134 through a flexible
coupling 136. The flexible coupling 136 may allow for a misalignment of a rotor
extension 138 of the motor 128 from the horizontal driveshaft 134 without causing
damage to, e.g., the accessory gearbox 112, the transfer gearbox 46, or other
components of the gas turbine engine. For the exemplary embodiment depicted, the
flexible coupling 136 is configured as a spider coupling. However, in other
embodiments, the flexible coupling 136 may be configured in any other suitable
manner. Further, in still other embodiments, it will be appreciated that the core
turning assembly 126 may not include the flexible coupling 136, and instead, the rotor
extension 138 of the motor 128 may be rigidly attached to the horizontal driveshaft
134.

[0049] Referring still to FIGS. 4 and 5, the horizontal driveshaft 134 is configured
to, and does for the embodiment depicted, extend through the starter gear 118A of the
accessory gearbox 112. Notably, however, the horizontal driveshaft 134 of the core
turning assembly 126 is disengaged from the starter gear 118 A when the horizontal
driveshaft 134 is extending through the starter gear 118A. More particularly, the
horizontal driveshaft 134 is configured to rotate independently of the starter gear
118A of the accessory gearbox 112 when the horizontal driveshaft 134 is extending
through the starter gear 118A of the accessory gearbox 112. As may be seen more
clearly in FIG. 5, the starter gear 118A includes a splined portion 124A within the
cylindrical opening 122A through which the horizontal driveshaft 134 extends.
However, the portion of the horizontal driveshaft 134 extending through the splined
portion 124A of the starter gear 118 A (when the horizontal driveshaft 134 is installed,
as shown) does not engage the splined portion 124A of the star gear. Particularly, for
the embodiment depicted, the portion of the horizontal driveshaft 134 positioned
adjacent to the splined portion 124A of the starter gear 118A defines a diameter less

13
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than an inner diameter of the splined portion 124A of the starter gear 118A.
Accordingly, the horizontal driveshaft 134 may rotate freely and independently
relative to the starter gear 118A.

[0050] With such a configuration, the motor 128 may rotate the horizontal
driveshaft 134, and thus may rotate the one or more components of at least one of the
compressor section or turbine section of the gas turbine engine, without rotating any
of the plurality of accessory gears 118 within the accessory gearbox 112. Such may
allow for a more efficient core turning assembly 126, and further may prevent a user
or technician from having to remove all accessory systems from the accessory
gearbox 112 during cleaning operations. (For example, a user or technician may not
want the lubrication oil system to operate during cleaning operations.) More
specifically, being able to rotate one or more components of the compressor section or
turbine section of the gas turbine engine, without rotating any of the plurality of
accessory gears 118 within the accessory gearbox 112, may allow for cleaning of the
components within the core air flowpath 37, without the cleaning media (fluid, foam,
etc.) being drawn into the accessory systems. For example, such a configuration may
ensure any various lubrication oil sumps and lubrication oil pumps do not draw in
cleaning media during cleaning operations.

[0051] Moreover, it will be appreciated that as the other accessory systems are not
rotated by the motor 128 during such washing operations of the gas turbine engine,
the motor 128 may be configured to rotate in any suitable direction. More specifically,
for the embodiment depicted, the motor 128 is configured to rotate in a first rotational
direction R1 and a second rotational direction R2. The first and second rotational
directions of the motor 128 (or rather of the rotor extension 138 of the motor 128)
may correspond to different rotational directions of the components of the gas turbine
engine. For example, a motor 128 in accordance with such an exemplary embodiment
may be configured to rotate the one or more components of at least one of the
compressor section or the turbine section and a first circumferential direction C1 and
in a second circumferential direction C2 (see FIG. 1). The second circumferential
direction C2 is opposite the first circumferential direction C1. Accordingly, the motor
128 may effectively rotate the gas turbine engine in a forward direction and in a

reverse direction to allow for more efficient washing of the gas turbine engine.
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[0052] In certain exemplary embodiments, the motor 128 of the core turning
assembly 126 may be an electric motor, such as a three-phase electric motor, or
alternatively may be a pneumatic or hydraulic motor. Regardless, the motor 128 may
be a relatively small motor 128. For example, the motor 128 may be a ten (10)
horsepower motor or less, such as an eight (8) horsepower motor less, such that a five
(5) horsepower motor or less. Further, still, the motor 128 may be configured to rotate
the one or more components of the compressor section or the turbine section at a
relatively low rotational speed. For example, the motor 128 may be configured for
rotating the one or more components of the compressor section or the turbine section
of the gas turbine engine at a rotational speed greater than two (2) revolutions per
minute and less than five hundred (500) revolutions per minute during washing
operations of the gas turbine engine. For example, the motor 128 may be configured
for rotating the one or more components of the compressor section or the turbine
section of the gas turbine engine at a rotational speed greater than about five (5)
revolutions per minute, greater than about ten (10) revolutions per minute, or greater
than about thirty (30) revolutions per minute, and less than about four hundred and
seventy-five (475) revolutions per minute, less than about four hundred and fifty
(450) revolutions per minute, or less than about four hundred (400) revolutions per
minute. As noted above, in certain exemplary aspects, the one or more components of
the compressor section or the turbine section may include a compressor and a turbine,
such as an LP compressor 22 and an LP turbine 30. Additionally, it should be
appreciated, that as used herein, terms of approximation such as “about” or
“approximately,” refer to being within a ten percent (10%) margin.

[0053] Utilizing a wash system in accordance with one or more the above
embodiments with a gas turbine engine may allow for the wash system to more
effectively wash the gas turbine engine. More specifically, utilizing a motor of the
core turning assembly capable of rotating certain components of the gas turbine
engine at the disclosed rotational speeds during washing operations of the gas turbine
engine may allow for wash fluid of the wash system to better wash the components of
the gas turbine engine. For example, when the wash fluid is configured as a reactive

wash fluid, such as a reactive foam, the reactive wash fluid may have more time to
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react with dirt or other unwanted particles on the components of the gas turbine
engine to clean such components of the gas turbine engine.

[0054] It should be appreciated, however, that in other exemplary embodiments,
the wash system 100 may have any other suitable configuration. For example,
referring now to FIGS. 6 and 7, two additional embodiments the present disclosure
are provided. More specifically, FIGS. 6 and 7 each depict an accessory gearbox 112
generally including an outer casing 114 and a plurality of inner accessory gears 118,
each positioned adjacent to a respective accessory gear pad 116. The wash systems
100 of each of these embodiments generally includes a core turning assembly 126
having a motor 128 attached to the accessory gearbox 112 for rotating one or more
components of a compressor section or a turbine section of a gas turbine engine.
[0055] Referring first specifically to FIG. 6, the core turning assembly 126 further
includes a horizontal driveshaft 134 mechanically coupled to the motor 128 through a
flexible coupling 136. The horizontal driveshaft 134 extends at least partially through
the accessory gearbox 112. As with the exemplary embodiment of FIGS. 4 and 5, the
horizontal driveshaft 134 is disengaged from the plurality of inner accessory gears
118 of the accessory gearbox 112, and is rotatable independently of the plurality of
accessory gears 118 of the accessory gearbox 112. However, for the exemplary
embodiment of FIG. 6, the starter gear 118A and starter pad 116A has been removed
from the accessory gearbox 112, such that the horizontal driveshaft 134 does not
extend through the starter gear 118A of the accessory gearbox 112. Regardless,
however, without the starter gear 118A, the horizontal driveshaft 134 is free to rotate
within the accessory gearbox 112 without engaging the remaining plurality of
accessory gears 118 within the outer casing 114 of the accessory gearbox 112.

[0056] Referring now specifically to FIG. 7, the core turning assembly 126 further
includes an offset tool 140 and an adapter 142. The adapter 142 is configured for
attachment to the accessory gearbox 112. More specifically, the adapter 142 is
configured for attachment to, and is attached to, an accessory pad 116 of the accessory
gearbox 112, other than the starter pad 116A. Further, the adapter 142 is directly
mechanically coupled an accessory gear 118 of the accessory gearbox 112 other than
the starter gear 118A of the accessory gearbox 112. For the embodiment depicted, the
exemplary adapter 142 depicted generally includes a shaft 144 extending through a
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cylindrical opening 122 of the accessory gear 118 configured to couple to a splined
portion 124 of the accessory gear 118.

[0057] The offset tool 140 is mechanically coupled to both the adapter 142 and
the motor 128, such that the motor 128 is configured for attachment to, and is attached
to, the accessory gearbox 112 through the offset tool 140 and adapter 142. Further, the
motor 128 is drivingly attached to the accessory gearbox 112 through the offset tool
140 and adapter 142. For example, in certain exemplary embodiments, the offset tool
140 may include a chain, a belt, or other similar mechanism to drivingly couple a
rotor extension 138 of the motor 128 to the shaft 144 of the adapter 142.

[0058] Further, as will be appreciated, the accessory gear 118 to which the motor
128 is drivingly connected may rotate the components of the gas turbine engine by
transferring a torque from the motor 128, through the offset tool 140 and adapter 142,
to the accessory gear 118, to the starter gear 118A, to a driveshaft 146 of the
accessory gearbox 112, and to and through a transfer gearbox 46 to the component of
the gas turbine engine.

[0059] The wash system 100 configured in accordance with the embodiment of
FIG. 7 may allow for attachment of the core turning assembly 126 in a relatively close
or tight clearance area without requiring substantial disassembly of the gas turbine
engine or the accessory gearbox 112.

[0060] Referring now to FIG. 8 a flow diagram is provided of a method 300 for
washing a gas turbine engine. The method 300 may be utilized in certain exemplary
aspects with one or more of the exemplary gas turbine engines and exemplary wash
systems described above with reference to FIGS. 1 through 6. Accordingly, the gas
turbine engine may generally include a compressor section, a combustion section, and
a turbine section together defining at least in part a core air flowpath. The gas turbine
engine may further include an accessory gearbox attached to a core turbine engine of
the gas turbine engine.

[0061] As is depicted in FIG. 8, the exemplary method 300 generally includes at
(302) attaching a motor of a core turning assembly to the accessory gearbox of the gas
turbine engine. In certain exemplary embodiments, attaching the motor of the core
turning assembly to the accessory gearbox at (302) may include at (304) removing a

starter motor of the gas turbine engine from the accessory gearbox of the gas turbine
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engine. With such an exemplary aspect, attaching the motor of the core turning
assembly to the accessory gearbox at (302) may further include attaching the motor to
a starter pad of the accessory gearbox (see, e.g., FIGS. 4 and 5). Alternatively, with
such an exemplary aspect, attaching the motor of the core turning assembly to the
accessory gearbox at (302) may further include removing the starter gear of the
accessory gearbox (see, e.g., FIG. 6).

[0062] Further, the exemplary method 300 includes at (306) rotating at least a
portion of a compressor section or the turbine section of the gas turbine engine using
the motor of the core turning assembly. For the exemplary aspect depicted, rotating at
least a portion of the compressor section or the turbine section of the gas turbine
engine using the motor at (306) includes at (308) rotating at least a portion of the
compressor section or the turbine section of the gas turbine engine using the motor of
the core turning assembly at a rotational speed greater than two (2) revolutions per
minute and less than five hundred (500) revolutions per minute.

[0063] Moreover, referring still to the exemplary aspect depicted in FIG. 8,
rotating at least a portion of the compressor section or the turbine section of the gas
turbine engine using the motor at (306) further includes at (310) rotating a horizontal
driveshaft of the core turning assembly with the motor of the core turning assembly.
The horizontal driveshaft extends at least partially through the accessory gearbox. It
should be appreciated that the horizontal driveshaft may extend through the starter
gear of the accessory gearbox, or alternatively, may extend through a portion of the
accessory gearbox from which the starter gear was removed. Regardless, for the
exemplary aspect depicted, rotating the horizontal driveshaft at (310) further includes
at (312) rotating the horizontal driveshaft independently of a plurality of gears of the
accessory gearbox.

[0064] Furthermore, with such an exemplary aspect, in which the horizontal
driveshaft is rotated at (312) independently of a plurality of gears the accessory
gearbox, the motor may be free to rotate the gas turbine engine in any direction.
Accordingly, for the exemplary aspect depicted, rotating at least a portion of the
compressor section or the turbine section of the gas turbine engine at (306) further
includes at (314) rotating at least a portion of the compressor section or the turbine

section in a first circumferential direction using the motor of the core turning
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assembly and subsequently rotating at least a portion of the compressor section or the
turbine section in a second circumferential direction using the motor of the core
turning assembly.

[0065] Referring still to FIG. 8, the exemplary aspect depicted further includes at
(316) providing a wash fluid to the core air flowpath of the gas turbine engine. More
particularly, for the exemplary aspect depicted, providing the wash fluid to the core
air flowpath of the gas turbine engine at (316) includes at (318) injecting a foam
detergent through one or more inspection ports of the gas turbine engine to the core
air flowpath of the gas turbine engine.

[0066] It should be appreciated, however, that in other exemplary aspects of the
present disclosure, any other suitable method for washing a gas turbine engine may be
provided. For example, referring now to FIG. 9, a flow diagram is provided of method
400 for washing a gas turbine engine in accordance with another exemplary aspect of
the present disclosure. The exemplary method 400 may be similar to the exemplary
method 300. For example, as with the exemplary method 300, the method 400 may be
utilized in certain exemplary aspects with one or more of the exemplary gas turbine
engines and exemplary wash systems described above with reference to FIGS. 1
through 6.

[0067] Also similar to the method 300, the exemplary method 400 generally
includes at (402) attaching a motor of the core turning assembly to an accessory
gearbox of the gas turbine engine. However, for the exemplary aspect of FIG. 9,
attaching the motor of the core turning assembly to the accessory gearbox at (402)
generally includes at (404) attaching the motor of the core turning assembly to an
accessory pad of the accessory gearbox other than a starter pad of the accessory
gearbox.

[0068] Additionally, the exemplary method 400 includes at (406) rotating at least
a portion of the compressor section or turbine section of the gas turbine engine using
the motor of the core turning assembly. Again, however, for the exemplary aspect
depicted in FIG. 9, rotating at least a portion of the compressor section or the turbine
section of the gas turbine engine at (406) includes rotating an accessory gear of the
accessory gearbox using the motor of the core turning assembly—the accessory gear

being rotated at (406) being an accessory gear other than the starter gear.
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[0069] Further, the exemplary method 400 of FIG. 9 additionally includes at (410)
providing the wash fluid to the core air flowpath of the gas turbine engine. As with
the method 300 of FIG. 8, the wash fluid provided at (410) may be any suitable wash
fluid, including, e.g., a reactive foam wash fluid.

[0070] 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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