METHODS OF CLEANING A COMPONENT WITHIN
A TURBINE ENGINE

BACKGROUND

[0001] The present disclosure relates genetallyurbine engines and,
more specifically, to cleaning coked hydrocarborsnf a component within a turbine

engine.

[0002] In a gas turbine engine, air is pres&atim a compressor, mixed
with fuel in a combustor, and ignited such that d@tnbustion gas is generated. In at
least some known turbine engines, ignition of tlheaad fuel can result in oxidation and
partial decomposition of the mixture, thereby réegl in coking within the turbine
engine. More specifically, coking is a process tleems hard deposits within a fuel
supply system of the turbine engine, for examflkee hard deposits also form from other
hydrocarbon-based substances in other areas ofuthae engine, such as in a fan
assembly of the turbine engine. Excess buildufn@hard deposits in the turbine engine
can clog the components of the turbine engine, regakssitate service of the turbine
engine after prolonged use. For example, servithegfuel supply system generally
includes detaching the turbine engine from anainf, removing fuel nozzles of the fuel
supply system from the turbine engine, replacing filnel nozzles with different fuel
nozzles, transferring the removed fuel nozzles rotleer location for cleaning, and
reattaching the turbine engine to the airframe. sAsh, a stockpile of unused turbine
engine components is maintained in the event anirbngine is scheduled for service.
In addition, removing and replacing fuel nozzlesha fuel supply system can be a time-
consuming and laborious task. Moreover, if combdigingine oil is trapped outside of
the fuel supply system, such as in the fan assershijcal ventilation can be blocked,
resulting in unscheduled engine removal and sicaifi disassembly to service the

components at a piece-part level.
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[0003] In one aspect, a method of cleaning apmmant within a turbine
engine is provided. The method includes disassemithe turbine engine to provide a
flow path to an interior passageway of the comporfesm an access point. The
component has coked hydrocarbons formed thereohe rhethod further includes
discharging a flow of cleaning solution towards thterior passageway from the access
point, wherein the cleaning solution is configutedremove the coked hydrocarbons

from the component.

[0004] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
disassembling the turbine engine includes disaslsggnthe turbine engine when the

turbine engine is coupled to an airframe.

[0005] In one embodiment, which may includeeask a portion of the
subject matter of any of the preceding and/or fwihg examples and aspects,
disassembling the turbine engine includes disasksegrd fuel manifold to define an inlet

port within the fuel manifold, wherein the inletrpdefines the access point.

[0006] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
discharging a flow of cleaning solution includesatharging the flow of cleaning solution
towards the interior passageway in a pulsed intdma&ing a discharge time defined

within a range between about 5 seconds and ab&usddbnds.

[0007] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
discharging a flow of cleaning solution includesatharging the flow of cleaning solution
towards the interior passageway in at least a fitdsed interval and a second pulsed
interval, wherein a residence time is defined betwthe first pulsed interval and the

second pulsed interval.

[0008] In one embodiment, which may includeestst a portion of the

subject matter of any of the preceding and/or feilgy examples and aspects, the method



further includes defining the residence time withinange between about 2 minutes and

about 30 minutes.

[0009] In one embodiment, which may includeeask a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
discharging a flow of cleaning solution comprisesatmg the cleaning solution to a

temperature defined within a range between aboi€ add 95°C.

[0010] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feilgy examples and aspects, the method
further includes disassembling the turbine engméefine a drainage port in the turbine
engine, wherein the cleaning solution is drainemimfrthe turbine engine through the

drainage port.

[0011] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or fellg examples and aspects, the method
further includes discharging a flow of rinsing 9@da towards the interior passageway

from the access point.

[0012] In another aspect, a method of cleaningp@ponent within a
turbine engine is provided. The method includesagsBembling the turbine engine to
provide a flow path to an interior passageway @& tbomponent from an access point,
wherein the component has coked hydrocarbons fothexeéon, and filling a volume of
the interior passageway with an amount of cleasiolgtion. The cleaning solution is
configured to remove the coked hydrocarbons froencddmponent. The method further
includes holding the amount of cleaning solutiorthim the interior passageway for a

predetermined residence time.

[0013] In one embodiment, which may includeeask a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
disassembling the turbine engine includes disasis@gnh fan assembly of the turbine
engine to define a first open end of a fan midsbkthe turbine engine, wherein the first

open end defines the access point.



[0014] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or fwoihg examples and aspects, the fan
midshatft includes a second open end, and the métintieer includes sealing the second
open end prior to discharging the flow of cleanisglution towards the interior

passageway.

[0015] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or foitg examples and aspects, sealing the
second open end includes positioning a plug witthi@ interior passageway of the
component proximate the second open end, whereirplig is insertable through the
first open end of the fan midshaft when in a fagerational mode, and actuating the plug
into a second operational mode from the first op@mal mode, wherein the plug is

configured to seal the second open end when isgbend operational mode.

[0016] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feitg examples and aspects, filling a
volume of the interior passageway includes fillthg volume with the cleaning solution
including a foaming agent.

[0017] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or falhyg examples and aspects, holding the
amount of cleaning solution comprises holding theant of cleaning solution for the
predetermined residence time defined within a rdregeeen about 30 minutes and about

8 hours.

[0018] In yet another aspect, a method of clegiai component within a
turbine engine is provided. The method includesagsBembling the turbine engine to
define an access point to the component. The coermohas coked hydrocarbons
formed thereon. The method further includes disgihg a flow of cleaning solution
towards the component from the access point, whéhei cleaning solution is configured
to remove the coked hydrocarbons from the componamtl wherein the cleaning

solution includes at least one of citric acid orogllic acid.



[0019] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or fwihg examples and aspects,
disassembling the turbine engine includes disasggnthe turbine engine when the

turbine engine is coupled to an airframe.

[0020] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or feihg examples and aspects,
disassembling the turbine engine includes disaskegnthe turbine engine to provide

access to a fuel nozzle of the turbine engine.

[0021] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or fwihg examples and aspects,
discharging a flow of cleaning solution includesatharging the flow of cleaning solution
that further includes a foaming agent.

[0022] In one embodiment, which may includeestst a portion of the
subject matter of any of the preceding and/or fellg examples and aspects, the method
further includes disassembling a fuel manifold &fik an inlet port within the fuel
manifold, wherein the inlet port defines the accpesit, and discharging the flow of

cleaning solution through the inlet port and toveaitte component.
DRAWINGS

[0023] These and other features, aspects, anahtatjes of the present
disclosure will become better understood when thieiing detailed description is read
with reference to the accompanying drawings in Wike characters represent like parts

throughout the drawings, wherein:
[0024] FIG. 1 is a schematic illustration of@remplary turbine engine;

[0025] FIG. 2 is a schematic illustration of exemplary fluid delivery

system that may be used to clean the turbine ersgioen in FIG. 1;



[0026] FIG. 3 is a box diagram illustrating tleid delivery system
shown in FIG. 2 providing fluid to a component bétturbine engine shown in FIG. 1

from an exemplary access point;

[0027] FIG. 4 is a box diagram illustrating tlaid delivery system
shown in FIG. 2 providing fluid to the componentté turbine engine shown in FIG. 1
from an alternative access point;

[0028] FIG. 5 is a box diagram illustrating tleid delivery system
shown in FIG. 2 providing fluid to an alternativeneponent of the turbine engine shown
in FIG. 1 from an exemplary access point;

[0029] FIG. 6 is a schematic illustration of ekemplary sealing and
discharge assembly in a first operational mode rieat be used when delivering fluid to
the component shown in FIG. 5;

[0030] FIG. 7 is a schematic illustration of thealing and discharge
assembly shown in FIG. 6 in a second operationaeano

[0031] FIG. 8 is a flow diagram illustrating @&axemplary method of
cleaning a component within a turbine engine, icoagance with a first embodiment of

the disclosure;

[0032] .FIG. 9 is a flow diagram illustrating &xemplary method of
cleaning a component within a turbine engine, icoeg¢ance with a second embodiment
of the disclosure; and

[0033] FIG. 10 is a flow diagram illustrating axemplary method of
cleaning a component within a turbine engine, icoagance with a third embodiment of

the disclosure.

[0034] Unless otherwise indicated, the drawimpgevided herein are
meant to illustrate features of embodiments ofdiselosure. These features are believed
to be applicable in a wide variety of systems casipg one or more embodiments of the

disclosure. As such, the drawings are not mearntdtude all conventional features
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known by those of ordinary skill in the art to bequired for the practice of the

embodiments disclosed herein.
DETAILED DESCRIPTION

[0035] In the following specification and theaichs, reference will be

made to a number of terms, which shall be defioduate the following meanings.

LTS

[0036] The singular forms “a”, “an”, and “thefiglude plural references

unless the context clearly dictates otherwise.

[0037] “Optional” or “optionally” means that trseibsequently described
event or circumstance may or may not occur, andtheadescription includes instances

where the event occurs and instances where itmutes

[0038] Approximating language, as used hereimoughout the
specification and claims, may be applied to moaifyy quantitative representation that
could permissibly vary without resulting in a chang the basic function to which it is
related. Accordingly, a value modified by a terrn ®rms, such as “about”,
“approximately”, and “substantially”, are not to laited to the precise value specified.
In at least some instances, the approximating laggumay correspond to the precision of
an instrument for measuring the value. Here armlfhout the specification and claims,
range limitations may be combined and/or interclednguch ranges are identified and
include all the sub-ranges contained therein unlesstext or language indicates

otherwise.

[0039] As used herein, the terms “axial” andiédly” refer to directions
and orientations that extend substantially pardatieh centerline of the turbine engine.
Moreover, the terms “radial” and “radially” refeo tdirections and orientations that
extend substantially perpendicular to the centerbhthe turbine engine. In addition, as
used herein, the terms “circumferential” and “cirdarentially” refer to directions and

orientations that extend arcuately about the ckméeof the turbine engine.



[0040] Embodiments of the present disclosurateeto cleaning coked
hydrocarbons from a component within a turbine eagiMore specifically, the systems
and methods described herein facilitate cleanieguibine engine without, for example,
having to detach the turbine engine from the amfraand without having to remove the
component to be cleaned from the turbine engimecohtrast, the systems and methods
described herein provide a cleaning solution totthibine engine via an access point,
which is defined by disassembling a portion of timdine engine while still coupled to
the airframe. For example, in one embodiment, fiwedzles of the turbine engine have
coked hydrocarbons formed thereon, and the turbirggne is disassembled such that
cleaning fluid may be provided to the fuel nozZiesn a single access point. As such,
the time and effort for disassembling and cleamogponents of the turbine engine are
reduced, thereby reducing the amount of time farrreng a refurbished turbine engine

to service.

[0041] While the following embodiments are dédsed in the context of
a turbofan engine, it should be understood thasyiséems and methods described herein
are also applicable to turboprop engines, turbaskagines, turbojet engines, and

ground-based turbine engines, for example.

[0042] FIG. 1is a schematic diagram of an eXanypturbine engine 10
coupled to an airframe 11. Turbine engine 10 idetua fan assembly 12, a low-pressure
or booster compressor assembly 14, a high-pressurgressor assembly 16, and a
combustor assembly 18. Fan assembly 12, boostapressor assembly 14, high-
pressure compressor assembly 16, and combustomlalys&é8 are coupled in flow
communication. Turbine engine 10 also includesgh-pressure turbine assembly 20
coupled in flow communication with combustor assBni8 and a low-pressure turbine
assembly 22. Fan assembly 12 includes an arrdgroblades 24 extending radially
outward from a rotor disk 26. Low-pressure turbessembly 22 is coupled to fan
assembly 12 and booster compressor assembly l4gtiheofirst drive shaft 28, and high-
pressure turbine assembly 20 is coupled to highspmre compressor assembly 16
through a second drive shaft 30. Turbine enginéd®an intake 32 and an exhaust 34.

Turbine engine 10 further includes a centerlineaB6ut which fan assembly 12, booster



compressor assembly 14, high-pressure compressemady 16, and turbine assemblies
20 and 22 rotate.

[0043] In operation, air entering turbine engittethrough intake 32 is
channeled through fan assembly 12 towards boostenpessor assembly 14.
Compressed air is discharged from booster compresseembly 14 towards high-
pressure compressor assembly 16. Highly compreaseds channeled from high-
pressure compressor assembly 16 towards combissemaly 18, mixed with fuel, and
the mixture is combusted within combustor assemBly High temperature combustion
gas generated by combustor assembly 18 is chantmledds turbine assemblies 20 and

22. Combustion gas is subsequently discharged tnolbome engine 10 via exhaust 34.

[0044] FIG. 2 is a schematic illustration of exemplary fluid delivery
system 100 that may be used to clean turbine entfnéshown in FIG. 1). In the
exemplary embodiment, fluid delivery system 108nsbodied as a mobile flight line cart
including a plurality of components that, when usedombination, facilitate providing a
flow of cleaning solution to turbine engine 10. uidl delivery system 100 includes a
cleaning tank 102 that stores the cleaning solutierein, and a rinse tank 104 that stores
a rinsing solution therein, such as deionized watéleaning tank 102 includes a heater
106 positioned therein for heating the cleaningitoh to a predetermined temperature.
Heater 106 facilitates heating the cleaning sofutm any temperature that enables the
systems and methods to function as described herdgirone embodiment, heater 106
heats the cleaning solution to a temperature deéfimiéhin a range between about 30°C
and about 95°C before being discharged towardgeidngine 10.

[0045] Cleaning tank 102 and rinse tank 104 eoeipled in flow
communication with a first valve assembly 108 tisatelectively operable to provide
either the cleaning solution or the rinsing solatito turbine engine 10. More
specifically, fluid delivery system 100 includesfiasst pump 110 coupled in flow
communication with first valve assembly 108. Fipstmp 110 discharges either the
cleaning solution or the rinsing solution towardseaond valve assembly 112, which is

selectively operable to discharge the selectedtisaluowards turbine engine 10 via a



discharge line 114. In some embodiments, fluidivdey system 100 includes a
compressor 116 coupled in flow communication witdarge line 114, and compressor
116 is selectively operable to facilitate providipgrge air through discharge line 114
when draining solution from turbine engine 10. iéFldelivery system 100 also includes
an accumulator 118 coupled between first pump 1D second valve assembly 112.
Accumulator 118 modulates the flow pulses dischérfgem first pump 110 to provide a

steady flow to second valve assembly 112.

[0046] In one embodiment, fluid delivery syst&@0 further includes a
receiving line 120 coupled in flow communicationtiwiurbine engine 10. As will be
explained in more detail below, receiving line X20eives fluid that has been channeled
towards turbine engine 10 through discharge ling, Tirculated through turbine engine
10, and subsequently drained from turbine engine kOthe exemplary embodiment,
fluid delivery system 100 includes a second pump d@upled in flow communication
with receiving line 120. When used cleaning solutis channeled through receiving line
120, second pump 122 induces flow of the used tigasolution from turbine engine 10
and discharges the used cleaning solution towarfilten124. In some embodiments,
filter 124 removes contaminants from the used dgarsolution, thereby forming
reconditioned cleaning solution, which is then He&aged into cleaning tank 102 for

further use.

[0047] Fluid delivery system 100 may use anyieg solution to clean
turbine engine 10 that enables the systems andodfetio function as described herein.
In the exemplary embodiment, the cleaning soluitoformed a cleaning detergent and
water. In one embodiment, the cleaning solutiariuides cleaning detergent of up to
about 20 percent by weight of the composition. &bwer, the cleaning solution includes
any cleaning detergent that enables the systemsmatldods to function as described
herein. In one embodiment, the cleaning detergegenerally effective at degreasing
and decoking, and contains an organic and alkalohgtion of up to about 20 percent by
weight of the detergent. In some embodimentspthanic and alkaline solution includes
alkyl and aromatic amines, non-ionic, anionic, aradionic surfactants, and either a

polycyclic aromatic hydrocarbon or di-propyleneailymethyl ether.
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[0048] In an alternative embodiment, the clegnsolution includes at
least one of citric acid or glycolic acid. An exalm cleaning solution that includes at
least one of citric acid or glycolic acid includdsyt is not limited to, Citranox®
(“Citranox” is a registered trademark of Alconorgl, of White Plains, NY). In some
embodiments, the cleaning solution also includedeast one of a foaming agent,
surfactants, or other suitable additives. In #@hter alternative embodiment, the cleaning

solution includes an organic solvent, such as ad®rB226 cleaning solution.

[0049] FIGS. 3-5 are box diagrams illustratihgd delivery system 100
(shown in FIG. 2) providing solution to a componehturbine engine 10 from an access
point. In the exemplary embodiment, turbine endifeincludes a fuel supply system
126 including a component 127, such as at leasfumenozzle 128. Fuel supply system
126 also includes a fuel circuit 130, a split cohtnit (SCU) 132 coupled in selective
flow communication with fuel circuit 130, and a Fumanifold 134 coupled in flow
communication SCU 132. In operation, fuel is cleded towards fuel nozzle 128 from
fuel circuit 130, through SCU 132, through fuel nfigld 134, and towards an interior
passageway 136 of fuel nozzle 128. As noted abooked hydrocarbons sometimes
form on a component within turbine engine 10 afimslonged use. In the exemplary
embodiment, the component is a component of fuygblgusystem 126 or a fan midshaft,

as will be described in more detail below.

[0050] Referring to FIG. 3, a method of cleanamgomponent, such as
fuel nozzle 128, within turbine engine 10 is ddsed herein. In the exemplary
embodiment, fuel nozzle 128 has coked hydrocarlforreed thereon, such as within
interior passageway 136 or on an outer surfaceefriozzle 128. The method includes
disassembling a first portion of turbine enginetd@rovide a flow path 137 to interior
passageway 136 of fuel nozzle 128 from an accesd £#88. More specifically, fuel
manifold 134 is disassembled by disconnecting SG2 from fuel manifold 134 to
define inlet port 140 and access point 138 at foehifold 134. A flow of cleaning
solution is then discharged towards interior passay 136 from access point 138,
where the cleaning solution is configured to remthe coked hydrocarbons from fuel

nozzle 128. For example, in the exemplary embodiméischarge line 114 of fluid
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delivery system 100 (shown in FIG. 2) is conned¢tefiiel manifold 134 at inlet port 140,
and fluid delivery system 100 is actuated to disgbaleaning solution towards turbine
engine 10.

[0051] In one embodiment, the flow of cleanimfusion is discharged in
at least one pulsed interval having a predetermuisdharge time. For example, the
flow of cleaning solution is discharged in at leastirst pulsed interval and a second
pulsed interval, where a predetermined residemce is defined between the first pulsed
interval and the second pulsed interval. Introdgdhe cleaning solution into turbine
engine 10 in the first pulsed interval and theowihg a predetermined residence time to
elapse before discharging the second pulsed indtéaeditates allowing the cleaning
solution of the first pulsed interval to settle anteract with the coked hydrocarbons
formed on fuel nozzle 128. The second pulsed vateis then discharged after the
predetermined residence time has elapsed suclthinaieaning solution within turbine
engine 10 is refreshed. Alternatively, a flow imfsing solution is discharged into turbine
engine 10 after the predetermined residence tine dlapsed after the first pulsed

interval.

[0052] The predetermined discharge time and predetermined
residence time may be of any duration that enablesystems and methods to function
as described herein. In one embodiment, the pradeted discharge time is defined
within a range between about 5 seconds and abdutsé2onds. In addition, in one
embodiment, the predetermined residence time igetkivithin a range between about 2
minutes and about 30 minutes.

[0053] In the exemplary embodiment, the flowabéaning solution is
channeled through inlet port 140, through fuel f@dil34, through interior passageway
136 of fuel nozzle 128, and is then discharged ffloeh nozzle 128. The method further
includes disassembling a second portion of turleingine 10 to define a drainage port
142 therein. Drainage port 142 is coupled in fllammunication with fuel nozzle 128
such that the solution channeled into turbine end@ is drained from turbine engine 10

through drainage port 142. In one embodiment,ndige port 142 is defined by
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uninstalling at least one ignitor plug (not shovirgm turbine engine 10, where the at
least one ignitor plug is located at about a 6axklposition within turbine engine 10.

As such, the solution is gravity drained from tasbiengine 10. More specifically, the
solution is discharged from fuel nozzle 128 and iat combustor dome, is drained
through air holes in the combustor dome into a agstdy case, and is then drained from
the combustor case through drainage port 142. dderein the exemplary embodiment,
receiving line 120 of fluid delivery system 100 aésupled to turbine engine 10 at
drainage port 142 such that used cleaning solusarecycled to fluid delivery system

100, as described above.

[0054] The method further includes dischargingflav of rinsing
solution towards interior passageway 136 of fuetzte 128 from access point 138.
More specifically, fluid delivery system 100 is aated as described above to facilitate
discharging the flow of rinsing solution througtscharge line 114 rather than the flow of

cleaning solution. The rinsing solution is thenided through drainage port 142.

[0055] Referring to FIG. 4, the method includgsassembling a portion
of turbine engine 10 to provide direct access tel fnozzle 128 having coked
hydrocarbons formed thereon. More specificallybitte engine 10 is disassembled to
define an access point 144 at an inlet port 14@udfine engine 10. For example, inlet
port 146 is defined by uninstalling at least onatay plug from turbine engine 10, or by
uninstalling a borescope cover from turbine endifie The flow of cleaning solution is
then discharged towards fuel nozzle 128 from acpes®t 144, such that the cleaning
solution impinges against an outer surface 148iefriozzle 128. In some embodiments,
the cleaning solution enters fuel nozzle 128 thhoag opening defined therein such that

coked hydrocarbons are also removed the interitwedfnozzle 128.

[0056] Referring to FIG. 5, the method includéisassembling fan
assembly 12 of turbine engine 10 to provide actes®omponent 127 installed therein.
For example, in the exemplary embodiment, fan abgef®? includes a fan midshaft 150
and a center body 152 and a center vent tube 1bplem to fan midshaft 150.

Disassembling fan assembly 12 includes removindecdrody 152 from fan midshaft
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150 to define a first open end 154 in fan midsth&f), and removing center vent tube 153
from fan midshaft 150 to provide access to an ioteof fan midshaft 150. More
specifically, first open end 154 defines an ac@esst 156 to an interior passageway 158
of fan midshaft 150, which has coked hydrocarbamsnéd therein. The cleaning
solution is then discharged into interior passageW&8, and a volume of interior
passageway 158 is filled with an amount of clearsalition in the form of an aerated
foam. Interior passageway 158 is filled with thmoaint of cleaning solution for a
predetermined residence time that facilitates aligwthe cleaning solution to interact
with the coked hydrocarbons formed therein, ranggffgctively from 30 minutes to 8
hours. The cleaning solution is then drained thhotirst open end 154 and rinsing
solution is discharged into interior passageway ftii8wed by mechanical removal of
additional coking products lifted from the fan nstaft inner diameter employing an
articulating brush comprised of nylon.

[0057] FIG. 6 is a schematic illustration of earemplary sealing and
discharge assembly 160 in a first operational mibde may be used when delivering
fluid to fan midshaft 150, and FIG. 7 is a schemdlustration of sealing and discharge
assembly 160 in a second operational mode. Imteenplary embodiment, sealing and
discharge assembly 160 includes a discharge sbaft dn inflatable plug 164, and a
supply line 166 coupled in flow communication witifilatable plug 164. Discharge shaft
162 includes a first end 168 and a second end 1ifatable plug 164 is coupled to
discharge shaft 162 at first end 168, and a sealpgl72 is coupled to discharge shaft
162 at second end 170.

[0058] Referring to FIG. 7, fan midshaft 150ludes first open end 154
and a second open end 174. When in the first bpeeh mode, inflatable plug 164 is
deflated to a size such that sealing and dischasgembly 160 is insertable through first
open end 154, and such that inflatable plug 164pasitionable within interior
passageway 158 proximate second open end 174rriRgf® FIG. 7, the inflatable plug
164 is then actuated from the first operational ental the second operational mode,
where the inflatable plug 164 seals second openl&ddvhen in the second operational

mode. More specifically, fluid is supplied to mfhble plug 164 via supply line 166 to
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inflate inflatable plug 164 to a size that faciis sealing second open end 174. Second
open end 174 is sealed prior to discharging the 8bcleaning solution towards interior

passageway 158.

[0059] When sealing and discharge assembly 4 @dly inserted within
interior passageway 158, sealing cap 172 coupledato midshaft 150 with an
interference fit to facilitate sealing first opemdel54. Discharge shaft 162 is coupled in
flow communication with discharge line 114 (shownm KIG. 2), for example, and
includes at least one discharge outlet 176 deftherkin. As such, when sealed, interior
passageway 158 is provided with cleaning solutischdirged from discharge outlet 176

to facilitate removing coked hydrocarbons formeerém.

[0060] In one embodiment, a volume of interiaspageway 158 is filled
with an amount of the cleaning solution, and theoamh of cleaning solution is held
within interior passageway 158 for a predetermiresidence time. The predetermined
residence time is defined within a range betweeuaB0 minutes and about 8 hours. In
some embodiments, the cleaning solution includdesaming agent, which facilitates
filling the volume of interior passageway 158 anthlding the cleaning solution to
interact with coked hydrocarbons on the surfacdaof midshaft 150 without being

directly applied thereto.

[0061] After the predetermined residence times ledapsed, interior
passageway 158 is drained through at least onesbbpen end 154 and second open end
174. In some embodiments, the method includesosuisy the cleaning solution from
interior passageway 158. Moreover, in the exempéambodiment, fan midshaft 150
includes at least one annular member 178 positiaméuin interior passageway 158.
When draining solution from interior passageway, B solution may pool in a space
defined between adjacent annular members 178.uéts é1 one embodiment, suctioning
solution from interior passageway 158 includes liog a directed suction force to the
space defined between adjacent annular memberstal 7&cilitate removing pooled
solution from interior passageway 158. Fan midsh&0 is then cleaned mechanically

and rinsed, or a second application of cleaningtgwi is provided.
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[0062] FIGS. 8-10 are flow diagrams illustratiegemplary methods of
cleaning a component within turbine engine 10. eRefg to FIG. 8, a method 200
includes disassembling 202 turbine engine 10 twigeoa flow path 137 to interior
passageway 136 of component 127 from access pd@8tid turbine engine 10.
Component 127 has coked hydrocarbons formed ther&tethod 200 further includes
discharging 204 a flow of cleaning solution towanuterior passageway 136 from access
point 138. The cleaning solution is configuredd¢move the coked hydrocarbons from

component 127.

[0063] Referring to FIG. 9, a method 206 inclsicdksassembling 208
turbine engine 10 to provide a flow path to intep@assageway 158 of component 127
from access point 156 in turbine engine 10. CompbiA27 has coked hydrocarbons
formed thereon. Method 206 further includes fgli2a10 a volume of interior passageway
158 with an amount of cleaning solution, whereia theaning solution is configured to
remove the coked hydrocarbon from the componer, teiding 212 the amount of

cleaning solution within interior passageway 158d@redetermined residence time.

[0064] Referring to FIG. 10, a method 214 in@sidlisassembling 216
turbine engine 10 to define access point 144 topmorant 127. Component 127 has
coked hydrocarbons formed thereon. Method 21héurincludes discharging 218 a
flow of cleaning solution towards component 127riraccess point 144. The cleaning
solution is configured to remove the coked hydrboas from component 127, and the

cleaning solution includes at least one of citdiclaor glycolic acid.

[0065] An exemplary technical effect of the ambly and methods
described herein includes at least one of: (a)naheginternal components of a turbine
engine while coupled to an airframe; (b) cleanintginal components of the turbine
engine in a quick and efficient manner; and (cuo#ly an amount of time for cleaning

and returning a cleaned turbine engine to service.

[0066] Exemplary embodiments of a cleaning sysfer use with a
turbine engine and related components are descabede in detail. The system is not

limited to the specific embodiments described mereut rather, components of systems
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and/or steps of the methods may be utilized indépethy and separately from other
components and/or steps described herein. For mganthe configuration of
components described herein may also be used ibination with other processes, and
is not limited to practice with a fuel nozzles ofaa section of a turbine engine. Rather,
the exemplary embodiment can be implemented aridadtiin connection with many

applications where removing coked hydrocarbons fannobject is desired.

[0067] Although specific features of various @diments of the present
disclosure may be shown in some drawings and nathers, this is for convenience
only. In accordance with the principles of emboeints of the present disclosure, any
feature of a drawing may be referenced and/or @dim combination with any feature
of any other drawing.

[0068] This written description uses examples disclose the
embodiments of the present disclosure, includirgltést mode, and also to enable any
person skilled in the art to practice embodimerftdhe present disclosure, including
making and using any devices or systems and peirigramy incorporated methods. The
patentable scope of the embodiments describednhisreiefined by the claims, and may
include other examples that occur to those skiilethe art. Such other examples are
intended to be within the scope of the claims #ytihave structural elements that do not
differ from the literal language of the claims, ibrthey include equivalent structural

elements with insubstantial differences from therdl languages of the claims.
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WHAT IS CLAIMED IS:

1. A method of cleaning a component within a tuebengine, said

method comprising:

disassembling the turbine engine to provide a fljmath to an interior
passageway of the component from an access poiteiturbine engine, wherein the
component has coked hydrocarbons formed thereah; an

discharging a flow of cleaning solution towards thterior passageway
from the access point, wherein the cleaning saluisoconfigured to remove the coked

hydrocarbons from the component.

2. The method in accordance with Claim 1, wheragassembling
the turbine engine comprises disassembling theneidngine when the turbine engine is

coupled to an airframe.

3. The method in accordance with Claim 1, wheragassembling
the turbine engine comprises disassembling a faalifiwld to define an inlet port within

the fuel manifold, wherein the inlet port definae faccess point.

4. The method in accordance with Claim 1, wherastharging a
flow of cleaning solution comprises discharging tlog of cleaning solution towards the
interior passageway in a pulsed interval havingsaldrge time defined within a range

between about 5 seconds and about 120 seconds.

5. The method in accordance with Claim 1, wherasclaarging a
flow of cleaning solution comprises discharging tloev of cleaning solution towards the
interior passageway in at least a first pulsedruateand a second pulsed interval,
wherein a residence time is defined between tret pulsed interval and the second
pulsed interval.

6. The method in accordance with Claim 5 furthemposing
defining the residence time within a range betwedout 2 minutes and about 30

minutes.
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7. The method in accordance with Claim 1, wherastlarging a
flow of cleaning solution comprises heating theanieg solution to a temperature
defined within a range between about 30°C and 95°C.

8. The method in accordance with Claim 1 furthempagsing
disassembling the turbine engine to define a dgar@ort in the turbine engine, wherein
the cleaning solution is drained from the turbingiee through the drainage port.

9. The method in accordance with Claim 1 furthempadsing
discharging a flow of rinsing solution towards tinéerior passageway from the access
point.

10. A method of cleaning a component within a toebengine, said

method comprising:

disassembling the turbine engine to provide a fljmath to an interior
passageway of the component from an access poiteiturbine engine, wherein the
component has coked hydrocarbons formed thereon;

filling a volume of the interior passageway with amount of cleaning
solution, wherein the cleaning solution is confeplito remove the coked hydrocarbons

from the component; and

holding the amount of cleaning solution within theerior passageway for

a predetermined residence time.

11.  The method in accordance with Claim 10, whedtsassembling
the turbine engine comprises disassembling a feenatsly of the turbine engine to define
a first open end of a fan midshaft of the turbingiee, wherein the first open end defines

the access point.

12. The method in accordance with Claim 11, whertia fan
midshaft includes a second open end, said methtioefucomprising sealing the second
open end prior to discharging the flow of cleanisglution towards the interior

passageway.
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13.  The method in accordance with Claim 12, whessaling the

second open end comprises:

positioning a plug within the interior passagewsaly tbe component
proximate the second open end, wherein the plugsertable through the first open end

of the fan midshaft when in a first operational mpand

actuating the plug into a second operational moden fthe first
operational mode, wherein the plug is configureddal the second open end when in the

second operational mode.

14. The method in accordance with Claim 10, whefi#ing a volume
of the interior passageway comprises filling thduwee with the cleaning solution

including a foaming agent.

15. The method in accordance with Claim 10, wheflesiding the
amount of cleaning solution comprises holding theant of cleaning solution for the
predetermined residence time defined within a rdregeeen about 30 minutes and about

8 hours.

16. A method of cleaning a component within a toebengine, said

method comprising:

disassembling the turbine engine to define an acqesnt to the

component, wherein the component has coked hydvooarformed thereon; and

discharging a flow of cleaning solution towards tteenponent from the
access point, wherein the cleaning solution is igonéd to remove the coked
hydrocarbons from the component, and wherein tbanthg solution includes at least

one of citric acid or glycolic acid.

17.  The method in accordance with Claim 16, whedtsassembling
the turbine engine comprises disassembling theneidngine when the turbine engine is

coupled to an airframe.
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18.  The method in accordance with Claim 16, whedisassembling
the turbine engine comprises disassembling theneikngine to provide access to a fuel
nozzle of the turbine engine.

19.  The method in accordance with Claim 16, whetiédtharging a
flow of cleaning solution comprises discharging tloev of cleaning solution that further
includes a foaming agent.

20.  The method in accordance with Claim 16 furttenprising:

disassembling a fuel manifold to define an inlettpwithin the fuel
manifold, wherein the inlet port defines the acqesst; and

discharging the flow of cleaning solution througdhe tinlet port and
towards the component.
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