A METHOD OF CLEANI NG AN O L SCAVENGE TUBE OF A GAS

TURBI NE ENG NE FI ELD OF THE | NVENTI ON The present

i nvention generally relates to cleaning processes,

i ncludi ng those enployed in gas turbine engine

over haul processes. More particularly, this invention

relates to an apparatus and process for cleaning oi
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assembly sumps under pressure and a scavenge pump for removing lubricating oil

from the bearing assembly sumps. The scavenge pump causes the return lubrication oil
to pass through a heat exchange assembly, on its way to the tank or reservoir. The heat
exchange assembly often puts the return lubrication oil in heat exchange with the jet
fuel used by the engine. Fuel, on its way to the combustor, enters and passes through
the heat exchanger at a much greater flow rate than the oil, so that large quantities of
heat are absorbed from the oil by the fuel. Appropriate filter means are also included in

the system to remove contaminants from the oil.

The system also includes the necessary lubrication and scavenge tubes. The lubrication
and scavenge tubes are often secured to the engine cases, frames, ducts, etc. by clamps
and brackets. These Iubrication and scavenge tubes ran from the pumps to the turbine

rear frame.



and scavenge tubes are often secured to the engine
cases, franes, ducts, etc. by clanps and brackets.
These | ubrication and scavenge tubes ran fromthe
punps to the turbine rear frame. | A problem

soneti mes encountered i s heavy coking and bl ocki ng of
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engi ne to renove debris conprising: providing a gas
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an aft end of a shaft, the engine also including an oil scavenge tube of the turbine rear

frame, wherein the gas turbine engine has been in service and the tube includes debris
as a result of this operation of the gas turbine engine; and providing a mobile flushing
unit and cleaning the oil scavenge tube of the gas turbine engine, as follows:
connecting two flexible hoses to the oil scavenge tube by connecting one flexible hose
of the mobile flushing unit to one end of the tube and connecting another flexible hose
of the mobile flushing unit to a second end of the tube, wherein only two hoses are
connected to the tube, and each hose has only one opening at cach end and is
connected to cach end of the oil scavenge tube such that fluid circulates through the
hoses; flowing compressed air through each hose and the tube for a predetermined

amount of time; pumping a cleaning fluid through each hose and the tube for a



unit and cleaning the oil scavenge tube of the gas
turbi ne engine, as follows: connecting two flexible
hoses to the oil scavenge tube by connecting one
flexi ble hose of the nobile flushing unit to one end
of the tube and connecting another flexible hose of
the nobile flushing unit to a second end of the tube,
predMB8GiRLN BB JMBENBORESina@ ke ceAAETLRANLR, FIRWMBS: purging
and each hose has only one opening at each end and is
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water fromthe tube; and di sconnecting each hose
fromthe tube, wherein the debris is renoved fromthe
tube and the gas turbine engine conponent is
repai red. 2a BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1
is a schematic cross-sectional view of a gas turbine
engi ne having a rear turbine frame and nounted to a
pyl on bel ow an aircraft wing by an aft engi ne nount;
Fig. 2 is an enlarged cut-away schematic view of a
portion of the engine illustrated in Fig. 1. Fig. 3
schematically illustrates an enbodi nent of the
present invention; Fig. 4 is a side view of a
portion of the apparatus illustrated in Fig. 3; Fig.
5is atop view of a portion of the apparatus
illustrated in Fig. 3; and Fig. 6 is a diagrammtic
view illustrating the interconnection of the various
el ements of an enbodi ment of the invention.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al t hough t he
present invention will be described with respect to
the cleaning of an oil scavenge tube of a gas
turbi ne engi ne conponent rear frame, it is understood
that the invention is applicable to clean any
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Fig. 8 nefiematicdlyhdlysteatesomginbadiment of dhet presenhimventamd an
annul ar casing 14 disposed coaxially and
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energy gas stream



This gas stream flows aft and passes through the high
pressure turbine 28, rotatably driving it and the
hi gh pressure shaft 30 of the core engine 20 which
in turn, rotatably drives the nulti-stage high
pressure conpressor 24. The gas stream di scharged by
. the core engine high pressure turbine 28 is expanded
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rows 46 are axially spaced and so arranged to

Thissgasessingamcllpwi et 206 daspss threugh thechiplp prasaure terbine 282 rotatably
driv‘ﬁ[xlg.sipa[rﬁf;tﬂg g#thsprgsstl%nshgh%geof "R co‘%g egémé 5& thgjcrh\’/vlanr t%n}c, %:r)}atably

drives the multi-stage high pressure compressor 24.

The gas stream discharged by the core engine high pressure turbine 28 is expanded
through a low pressure turbine, which drives the forward fan 16 and the booster
compressor 18 via a low pressure shaft 32 extending forwardly through the annular
high pressure shaft 30. Some thrust is produced by the residual gas stream exiting the
core engine 20 through a core engine or primary nozzle 33 aft of low pressure turbine

22, but most of the thrust power is generated by the forward fan 16.

The low pressure turbine 22 includes an annular rotatable low pressure turbine rotor

34 having a plurality of turbine blade rows 38 extending radially outwardly therefrom
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bl ade row 48 is housed within a nacelle 50 of the
engi ne 10 supported about the stationary casing 14
by a plurality of radially extending and
circunferentially spaced fan struts 52. An engine
cow i ng 54, which encl oses the core engine 20 and the
| ow pressure turbine 22 is disposed within and
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o pl a form§12?11,%r&l i chtﬁi%s fi xedﬁeﬁl?én%gi to the e%%%ﬁsﬁced
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row, 43 tyd (3o ARE 16, WA1eh ') FRRLbVoF G iRk R A2l s0.

The low pressure turbine 22 includes an annular rear turbine frame 62, which supports
a conventional bearing 64 which, in turn, rotatably supports an aft end of the low
pressure shaft 32. The rear turbine frame 62 includes a radially outer first structural
ring 66 disposed coaxially about the centerline A and a radially inner second
structural ring 68. A plurality of circumferentially spaced apart struts 70 extend
radially between the first and second structural rings 66 and 68 and are fixedly joined
thereto. Each one of the struts 70 is conventionally surrounded by a conventional
fairing 72 for protecting the struts from combustion gases flowing through the turbine

frame 62, as shown in Fig. 2. An oil scavenge tube 113 is secured to casing 14.
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After extended operation of the gas turbine engine,
coki ng and bl ocking of the afore- described oil
scavenge tubes may occur. Accordingly, it is
desirable to periodically clean these tubes.
According to enbodi nents of the present invention,
the oil scavenge tubes nay be efficiently and
As deorlbowr & Fig. d| demadito]l ¢ emmeented delook amgirenaft wing 114 by a
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that no operator nmay be exposed to any hot internal
cleangh¢se tehesf ace. The trolley 205 may be nade of any
suitable size and shape, and preferably has a
e 07 e . .hand rail
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transported by an operator to .the desired cleani ng
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tube inlet and outlet. The flexible hdses 211
cleamepaiy ottfer amyable workpiece in need of cleaning.

As shown in Fig. 3, the unit 200 comprises a trolley 205 for housing the various
elements contained therein. Preferably the trolley is made of a stainless steel material
and has at least one removable side panel for equipment access. Preferably, the
trolley 205 encloses the elements of the apparatus such that any leak will be contained
inside the trolley 205 and that no operator may be exposed to any hot internal tank
surface. The trolley 205 méy be made of any suitable size and shape, and preferably
has a plurality of wheels 207 and at least one hand rail 209, as shown in Fig. 3, for
ease of mobility. Advantageously, the unit 200 may be easily transported by an
operator to the desired cleaning location. The trolley 205 may further include a bump
rail 208, as also shown in Fig. 3. While the mobile unit 200 has been described with
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suitable material, including flexible polyneric
material. The |l engths of the hoses 211 nmay al so be
of any suitable | ength, dependi ng upon, for exanple,
the size of the workpiece to be cleaned and the
di stance fromthe unit 200 to the workpi ece, as one
skilled in the art would recogni ze. Advant ageously,

respeat tee trdsspoft ‘tma thalkes2] it sayndeestoard that iodckr ttgpes st @an¥port
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secured to the ends to create an effective seal. The
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active cleanln fluid and a water tank 250, as shown
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sealdependi ng upon the desired application. The tank 210

Is preferably fitted with a heater 204 and the

contents heated to a suitable tenperature, which is

Therypit 204 al5o aepprweatfinpenk 2Ae for Sercrive clmmng amai @ﬁeidwater

ank 5015 4080 49, 5 0308 g, 0 0P Lo
capﬂﬂle@lﬁlhbgshﬁg dbeliti 5 enFdoay &d. ht&'ﬂnd(r Ahér mbktb[nﬁdtﬁﬂt of alkaline

i nclu % a level indicator to ensure that the tank
matsli@ i cﬁ'ﬁeﬁffé’thnk? 1§cl qaﬁegcfbeﬂe%toﬂle\ﬁeﬁa acle@elﬁgé}ﬂat ufrdrox
161B' % r@tcﬁ‘&nﬁ sothgt?{%ndﬁ ctlsgmtcﬁ égg.rgt)n and

a brea her th acti ate suc as

is soldaby d?;ﬂenéllal t(ler Qith heabler clehsing rﬂm&)ﬂmhﬂanmctcﬁﬂzeh@onal

tank, 210 is e nk 250, as aJ so shown in_ Fig. 3.
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remg?é@%}hem@gf 2! idtiide ABRK cléamihg sQLBotLaddRAMhg APon HeBdired
application.

The tank 210 is preferably fitted with a heater 204 and the contents heated to a
suitable temperature, which is typically dependent upon the cleaning fluid employed
in the tank 210. For example, the tank 210 preferably may be heated to about 85°C
when Ardrox 1618 alkaline cleaning fluid is employed. Tank 210 may further include
a level indicator LI to ensure that the tank 210 is operating at the correct level, a
temperature probe (not shown}) rated for the desired temperature, a breather 230 with

activated filter, such as a charcoal filter, and heater clement 204.

Connected to tank 210 is water tank 250, as also shown in Fig. 3. Preferably, water
tank 250 is a stainless steel tank capable of holding about 25 liters to about 50 liters of



wat er or other suitable amount. Water tank 250 is

preferably fitted with a level indicator LI to

ensure correct water |level, a breather 260 with

activated filter, such as a charcoal filter, and a

heater el ement 259. As shown in Fig. 4, the unit 200

may further conprise a control enclosure panel 400
wat@ranosuhmg stikebles amioonts  SVater mmmp&f@aﬁlp rﬁtmdew&hi Dievel

e unit 200. Drains 410 g
b g SHiod g s

ind1
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achE}cth%Iék@dand\%e%{ef cRindfség €d. Sim ' arly, a sunp drain
O may be provided on the unit for use wth a sunp

for effective drai ning operation. In an enbodi nent of
As &hhernu invépit4, élw b dP0 may Higherssompivise @rdontrolD@chasyre panel 400

ise a 280 | .ow | veI sens LLS eani n
exp?ﬁ [E) € yrign %chﬁrzllﬁm ?ﬁ) it ﬁJO Braits 410 _

and @D @ Gyl :ﬁai bs kéflﬂhd/edcﬁﬂﬂﬁﬁinhtOIUOZf%l ,thé @mﬁdneg/sf clR@A® luid and
LLS, ' evel indicator ressed air_suppl

y
watefp ahéesticdn Sppgarly,p FH‘% dfaé‘i' &ﬁ np3y| pepproyglyd on the unit for use
9 %&&I Ierrent 204 and return 2083.
wnhtah :Eso S %ﬁvjeucﬁmﬂlg i control sol enoid val ves 290
ma be enpl oyed to open/close values to select the
In agl @nbndmgeritl ofi the anvasdibersho@nnnl BEgl §, theontit 200 myemmnﬁse a

300 / cl i h b
purft B e R RO 58 i DS DB 50 870
elecﬁtﬁﬁf 'S%Pblﬂf tBBndcabHET !2713' Rﬁﬁ fer\J@lmsEﬁ‘s%rCLEQn' 18Geif hndihtor LI,

er tanks, 210, . al so shown in Fi 6,

conmmssedzalo snmlyfognnm;mc?@ﬁpm bee aetnonder 26 Kh@ﬁ@oimplh 199,
heatd@, l t&04 oR L%“c%@pt ank 210 and water tank 250.
ﬁeef”@% y 2R By uter control systemis wused to

monitor the liquid level in each tank, and nonitor

As dlfiesHosnmpiarEf s, &offrolcdoba@idigalvéd 2000mag de fehfpl@éﬁtté? Bpen/close
selection fromcleaning fluid to water.

valiep i pelgfi be cleamingr LR O waier, o%&m@rb'sréﬁwgoloﬂolealﬁld valves 300
t | t {
may SRR U e iin BURT b QR R RBuR ovp @il 0 oy oollec
any ‘dallnvsem tﬁv,remﬁf gibys framvibs c%éﬁkﬁingsﬂmﬁ ché &ral‘ﬁer ta[ki hH?d%SD As
T
also\clﬁga‘\éﬁgg o g%rggztbaiyg Fr gqjgpa%slenbﬁ)gh Cygp( ‘eq@lt( %% c;s‘:ilth Wwater to
top M‘gﬂl@%&c@lo AR WA (R 956.CPRALER S PYC QBfpaK boiftbl bftem is
the art. For exanple heavi |y
used to monitor the liquid level i in each tank, and monitor the temperature of cleaning
fluid and the switch selection from cleaning fluid to water. The interconnection of the
various elements of an embodiment of the invention are also set forth in Fig. 6,

including various level sensors LS, pressure valves PV, safety valves FSV, switches S
and header valves HV.

The duration of cleaning cycle typically depends upon the amount of build up in the
workpiece, as would be recognized by one skilled in the art. For example, a heavily
coked oil scavenge tube may require about 1-2 hours of cleaning, whereas a
component that is not excessively coked may only require about 15 minutes of the

cleaning cycle. A bore scope may be employed to monitor the cleaning process.



coked oil scavenge tube may require about 1-2 hours

of cleaning, whereas a conponent that is not

excessively coked nmay only require about 15 m nutes

of the cleaning cycle. A bore scope may be enpl oyed

to nmonitor the cleaning process. 8 An enbodi nent of

the present invention will be now descri bed by way of
An anbduﬁmenhﬁrthe p&xen‘rpimamimin wilh be sowehmn"ded blyeﬁayecrfei fow chart

illus t.ive nd t her e naqt
exaigglin BB R EaRigo Dsavaty ety bt ot Bytins. anp
pl ug, connect to conpressed air supply System

E&ﬁﬁﬁ%ks cleaning fluid level and water |evel, |evel
probes provide feed back and auto top up operates,

W&l@al_up_d_enm ng-fluid tank to 85C
* Congpg h {2 PFAVET siBele phesei BEst Prédfuukriye. PRESckeppmpressed air

supglgsi red tenperature is achieved Connect flexible
hoses to each end of the oil scavenge tube on the

- Sygiepsherkeclegning fuid fexel apd waks (57, levsd piobes movidreleed bask and auto

tq,hhgmﬁkgnfﬂgé%mysysten1MAII give an initial air purge
blow all lines with clean air and then return

m-builds up t.0..20 ncl air
* Hegt up slspning dyig ‘%‘:I']Fe%k‘g 5 Cor temgpatpis irebe mpYidss frdhack @fBLC when
desiftd GenifeRfifie RUERiI®RJON control panel to confirm

successful test Select cleaning fluid on contro
nlnn fluid will

L—panel _and then cycle start-—Cleas
* Cmppet flenble Rosssgagict Pries! 16 Rilraiaecelhs qB dboagafdensive (this

opetafidfBnay¥e @Ridd Bt WHARB of Y Hike® to &k @8 Bbri@:t ddnbdetio 8 tNEfittings)
cl oses and automatic air purges lines to renove as

mich ecleanin 'F||||rl rinse

TGt

as-possible Select water
* Sygirm i 6ian el airimaes P e L Haes stithr dlean g tgpirpturn valves
closés, Eﬁtéhﬂiuﬂddxgj’tegg RsilairpR&sdr® andéReelehdyi1agd period of

time At end of clean cycle, water valve closes and

. Co irm, %%lgiﬂﬁi aéad prss button on control panel to conﬁma successful test

* Select cleaning fluid on control panel and then cyele start

* Cleaning fluid will circulate through lines for predetermined period of time

« At end of clean cycle, cleaning fluid valve closes and automatic air purges lines to remove

as much cleaning fluid as possible

* Select water rinse on control panel and then cycle start

» Water will circulate through lines for predetermined period of time

» At end of clean cycle, water valve closes and automatic air purges lines to remove as much

water as possible

* Disconnect flexible hoses from oil scavenge tube on aircraft engine (or tube removed from

engine)
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D sconnect flexible hoses fromoil scavenge tube on
aircraft engine (or tube renoved from engine) 9
Di sconnect electric and air supply fromtrolley An
advant age of enbodi nents of present invention is
providing a portable cleaning apparatus useful in
efficiently and cost effectively cl eaning tubes,

+ Dis@vihdct €l6ctadishdairRepply fpamoNgs on vari ous wor Kpi eces,
i ncl uded gas turbi ne engi ne conponents. Enbodi nents

f th

a A 1T nunnt i AN aAarn nart i ~nl arl vy i VL
A\ A | | N A T 1IrTveoermoT o AT O AT C T OouUr AT T y usef u! I n lrellv\vll n”

J
coking and bl ockage of oil scavenge tubes on turbine
rear frames of gas turbine engine conponents.

An HOVRNETe, oESHISHIAIBRE Df PhresbRCinvBURIA is Po BN RLPGEMM Efdaning
to clean any conponent or article requiring such a

appetatusrisatl dm effivigndly. andreosh effeciirelyndlengéng gibehatavities and other

per at or so may be readily . .trained .in the

opeffiE ol JoRh Ba T bpiBet o Bl 2B VEFPiBe “BinsarmmRenents

EmBédim@asCof ksl ihedrgibh, aret patibhlale @il el adméhihg QBkide and
specification that various conbinations of elenents,

blogkaes 41 GHss@Vengep uhes nerhtturbing, geasi framey dfe gaadebing engine

Ski [ . W thin.t f
confdfefs Hot<FEr aipdi r im0l il Be g PRI any
congrenent| orsactinle ng@iringoeichfa degase dpuritione Ar@itRe allvantage is that

r enov dehris ¢ risjing; providing a gas turbine
OPeRAteS oewﬁ?q 1epdily Gainehin the ppiaREIT CeaBinEdBASFE ss of 5,

a conbustion chamber, and a turbine including an
Whb Ritishs LABbAIENR BR ddsefBed BERROE WAO W Q;ﬁé} 4i8d from the

which rotatably supports an aft end of a shaft, the
speeifigiting. #lag ovariong |cothbingitians oifl elswantenyaridtiohe @f ihjrevements

turbine rean fr rei.n the gas,turbine _engine
therglfl Mshe' e o WPBse HAETHE b AR plF i e SoBE of the
invértiodl t of this operation of the gas turbine engine;

and
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providing a nobile flushing unit and cl eaning the oi
scavenge tube of the gas turbine engine, as follows:
connecting two flexible hoses to the oil scavenge
tube by connecting one flexible hose of the nobile
flushing unit to one end of the tube and connecting
CLANGt her flexible hose of the mobile flushing unit to
a second end of the tube, wherein only two hoses are
connected to the tube, and each hose has only one
efimrihed ofcdraningan alhrravengeoihe of @ @as tirkine BN@ing taypmove
ddﬁg%omdnmnacavenge tube such that fluid circul ates
hr ou e hoses; flow ng conpressed air through
eacIPFOM'QEE IR WAENG ERRING 6PMarising adrt @ niralily of ARMptessrs, a

corﬁbd@ﬁon péﬂ'ﬂ%t{& ang! ﬁaﬂlrﬂgefﬂnHI'uglnbhéﬁ’U&lihLﬁ*é?‘CFbatﬂoﬁﬁoiﬁ@c#rame
the tube f a predeterm ned anount of time; ceaslng

SURPREIng| %B@ﬁrwg which eptatebly, supeeitoar altispdirgehad. tetanginecalso

mcl@bllhgt& ofl %Hﬁ\)é%tgé hebe |o?%ﬂa' ﬂﬁblfné Yeg fraRe) %H@retnu% gas turbine
wat er hro& each hose and the tube for

enqﬁmegg : Bran Rervigmanmihedrbe inplides eabiings adewit qf gyoperation

Oftﬁ@FgQWgannﬁﬂgtMr purge with the air to renove the
fromthe tube; and di sconnectl\r;)g each hose from

t hePioMigIg aymebilg fushing witandscisaninathe v gcavangmtuhecof the gas

turg,h@gn@ng dshisic@as tur bi ne engi ne conponent is
repalre 2. The nethod of claim1l, wherein the

cl eani ngCHINEFENg Woaliexihi Bpsasetorthpiol scavengrdube by sannscting
cl ahmg *IexM@eﬁ&ienoidﬁ*ér hdbfid %@Qﬁﬁt‘z fun@btdie Bhd &Qﬁé’meand

tube is iltered through a filtration system

I\/ETFRHBE’GF‘QC%’BBN‘N@“AH hose ofthevenkik firsipipg Uoit-toa @@“d end of
TU%’eNEb&;E,Nﬁé}‘En only two hoses are connected io the tube, and each hose

has only one opening at each end and is connected to each end of the oil
scavenge tube such that fiuid circulates through the hoses:

flowing compressed air through each hose and the tube for a
predetermined amount of time;

pumping a cleaning fluid through each hose and the tube for a
predetermined amount of time;

ceasing the cleaning fluid flow, followed by purging with the air to
remove the cleaning fiuid from the fube;

pumping water through each hose and the tube for a predetermined
amount of time;

ceasing water flow, followed by another purge with the air to remove
the water from the tube; and

disconnecting each hose from the tube, wherein the debris is removed

from the tube and the gas turbine engine component is repaired.

2. The method of ¢laim 1, wherein the cleaning fluid is an alkaline fluid.
3. The methed of claim 1, wherein debris cleaned from the oil scavenge tube is

filtered through a filtration system.
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ABSTRACT Enbodi nents of the present invention
provi de a nethod of cleaning an oil scavenge tube of
a gas turbine engine by connecting two flexible hoses
to the oil scavenge tube by connecting one flexible
hose of a nobile flushing unit to one end of the tube
and conhEZEHOE QhOILAANIN AN O ReHIBXGERS BB | e
flushing unit to S f t ube, wherein
only two hoses 5?§f%§%§2§?§§%§§f?ﬁgﬁF%be, and each
hose has only one opening at each end and is
connected to each end of the oil scavenge tube such
ABBRBACK | uid circul ates through the hoses; flow ng
conpressed air through each hose and the tube for a
predet erm ned anmount of tinme; punping a cleaning
Embbdib@ntshsfahig presatthinhasien randdé hendthuleoff deandng an oil scavenge
~_predeterm .ned anmount of time; g¢easjng the cle?ning
tubg pfip gas Juskine cagng BRENISFURE R ﬁam edisesta the i pesvenge tube
by E&[ﬁggﬁl%&% f ﬁﬁ@'fﬁ)@gf)f YinchHife GshiR dhttRE 0nP AR 6P the tube and
wat er through eac ose and the tube for a
conpeeihet anthen ddxfdobote of theimehilectusbinggunitvat @ sedfondwnd of the

tub%ag\%é%\é\flsqﬂ?g {xﬁ(gg%gpgérg lééx%%:_c‘élf\:néttg éltlehteubg,l arndt e%clrl g?evgast oql‘:fy one

opening at each end and is connected to each end of the oil scavenge tube such that

fluid circulates through the hoses; flowing compressed air through each hose and the
tube for a predetermined amount of time; pumping a cleaning fluid through each hose
and the tube for a predetermined amount of time; ceasing the cleaning fluid flow,
followed by purging with the air to remove the cleaning fluid from the tube; pumping
water through each hose and the tube for a predetermined amount of time; ceasing

water flow, followed by another purge with the air to remove the water from the tube.

Fig. 6
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