TURBI NE CLEANI NG SYSTEM TECHNI CAL FI ELD [ 0001] The present disclosure
relates to systens and nethods for cleaning turbines, in particular
auxiliary power units (APU) in aircrafts. The cl eaning may occur on-site
and/or on- line (i.e. when the APU is running at full power). BACKGROUND
[0002] Gas turbines in general, and perhaps aircraft engines in particular,
are exposed to many kinds of fouling during operation. The fouling is
caused by material that is sucked into the turbine viaits air inlet. The
material can be of many kinds such as particles from exhaust gases,
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P turbine via 1ts air inlet. The material can be of many kinds such as particles from exhaust gases,

insects, larger animals such as birds, atmospheric pollution such as soot, etc. All these materials
adhere to turbine blades and form fouling coatings that adversely affects the operation of the
turbine, by decreasing the air flow of the turbine’s compressor, thereby decreasing the overall
performance of the gas turbine.

[0003] Compressor cleanliness can be maintained using a routine program of water washing.
Two such water wash maneuvers performed on gas turbines are referred to as off-line and on-
line, respectively. An off-line maneuver is conducted with the gas turbine in a cooled state using
cranking speed, while an on-line maneuver is conducted with the gas turbine at operating
temperature. This on-line maneuver typically uses water only. Both washing maneuvers use
highly atomized water spray patterns designed to completely enter a turbine’s compressor core.
The off-line cleans the entire core and recovers lost performance, while the on-line cleans the
early stages of the core and maximizes the time period between needed off-line washings.

[0004] Known systems for washing turbines are directed to cleaning engine turbines on

aircrafts, or stationary industrial turbines. Cleaning APUs, however, which are provided for



1 generating electricity to aircrafts during stops at airports, has not been
addressed by the known systens. [0005] Instead, it is commbn practice to
-dismantle an APU fromthe aircraft and either replace it, or to clean it
separately and re-nmount it into place. [0006] As can be appreciated by those
in the art, such a procedure is fairly tedious, and as a result, there is a
tendency to allow large tine intervals | apse between cl eani ng/repl acenent of
APU s. As a consequence, an APU can |ose sone of its power generating
ability, thereby requiring nore fuel which adds to the cost of operation of
the ai reenerhting SeaiwiRyto 4iGedE]during slopsvabdirpoits, fmsolot deen addrésseiby Batknamshi ng
nmet hods and systens, there exists a need to inprove the washing of APUs in
ai rcr afsygem@nd in particular, to reduce down-tine and to inprove the
performance of APUs to have higher efficiency over an extended period of
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scope of applicability of the present disclosure will become apparent from
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requiring more fuel which adds to the cost of operation of the aircraft.
SUMMARY

[0007] In view of the problems with current washing methods and systems, there exists a need
to improve the washing of APUs in aircrafts, and in particular, to reduce down-time and to
improve the performance of APUs to have higher efficiency over an extended period of time as
compared to today.
[0008] Thus, one aspect of the present disclosure is to provide a cleaning apparatus, system,
and method for efficiently cleaning one or more APUs on-site (without removing it from the
aircraft) and/or on-line (while the APU is running at full power).
[0009] In one example, a spray cleaning device is provided for cleaning APUs on-site and on-
line. In another example, there is provided a system for cleaning APUs on-site and on-line,
which system includes a spray cleaning device. In yet another example, a method of cleaning
APUs is provided.
[0010]  Further scope of applicability of the present disclosure will become apparent from the

detailed description given hereinafter and the accompanying drawings which are given by way of

illustration only, and thus not to be considered limiting.
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illustration only, and thus not to be considered |imting. 2 BRI EF

DESCRI PTI ON OF THE DRAW NGS [0011] Fig. 1 shows the tail of an exenplary
-aircraft with an air inlet to one APU shown and an operator using a spray
devi ce according to an enbodi ment; [0012] Fig. 2 shows an exenplary first
enbodi mrent of a spray device; [0013] Fig. 3 shows the exenplary spray device
of Fig. 2, nounted to an exenplary APU air inlet; [0014] Fig. 4 shows a
second exenpl ary enbodi nent of a spray device; [0015] Fig. 5a shows the
exenpl ary enbodi ment of Fig. 4, in a nounted state; [0016] Fig. 5b shows the
exenpl ary enbodi nent of BRngF. ESCRAPHON QF islinPRAVEINGE® during insertion;

and [0017] Fig. 6 shows an enbodi nent of a mechanismfor renotely
control 001y a Rgriaghods\theeil of [ @L&hplhtyGircrafislainhnvan ain iletobne AU sHowa 4t hod
for cleaning one or nore APUs. DETAILED DESCRI PTI ON [0019] The present

di scl oSy GretaforR@ped sprayldafict §@ardif AR¥mPbEMIeHE;Ng @ high pressure water
spray having suitable properties that can be injected through the air inlet

for an it..wid | be ossibl e. t.o ¢l ean APU both on-line and off-Iline
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cl eani n@ device, according to _an enbodinent, in its nost general form
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atom zed water at a desired pressure and at a desired vol unme flow.
Sui t abliyilet;t he spray parameters are variable such that the pressure may be
set to between 20 and 200 Bar, the droplet size, in the atom zed spray,
[0014] Fig. 4 shows a second exemplary embodiment of a spray device;
[0015] Fig. 5a shows the exemplary embodiment of Fig. 4, in a mounted state;
[0016] Fig. 5b shows the exemplary embodiment of Fig. 4, in a pre-mounted state during
insertion; and
[0017] Fig. 6 shows an embodiment of a mechanism for remotely controlling a spray device.
[0018] Fig. 7 shows an embodiment of a method for cleaning one or more APUs.
DETAILED DESCRIPTION
[0019] The present disclosure is based on the idea that by providing a high pressure water
spray having suitable properties that can be injected through the air inlet for an APU, it will be
possible to clean the APU both on-line and off-line without having to dismantle the APU from an
aircraft.
[0020] A spray cleaning device, according to an embodiment, in its most general form,
comprises at least one nozzle capable of generating a controlled spray of atomized water at a
desired pressure and at a desired volume flow. Suitably, the spray parameters are variable such
that the pressure may be set to between 20 and 200 Bar, the droplet size, in the atomized spray,

may be set to between 40 and 250 pm, and the volume flow may be set to between 1 and 20

/minute (depending on engine maintenance manual allowed flow rate).



may be set to between 40 and 250 m and the volume flow may be set to
between 1 and 20 I/ m nute (dependi ng on engi ne mai nt enance nmanual all owed
flow rate). 3 [0021] The actual paraneter values to be used will vary with
the type of APU to be cleaned, the anount of fouling present in the APU,
whet her the APU is to be cleaned on-line or off-line, and/or various other
factors. One skilled in the art will be able to adapt the paraneters to the
APU in question. [0022] A spray cleaning device according to the enbodi nent
al so conprises a rigid tube portion which carries the nozzle(s). In case of
a si ngl 00214z z|The aotuel parguetenyaludsgp dhe tusdsewityarp vithube §/pt of AdTLdtot beeclernzd,l € i n
pl ace. If the cleaning device conprises several nozzles, the tube may be
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as desired with respect to the APU being cleaned. Alternatively, multiple
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al ternate enbodi nent, the nozzle(s) and rigid tube porti'on may
integrgéﬁﬁ. into an el ongated supply tube for supplying the required high
pressure’ ViyAis "y the APU. This el ongated tube may also be used to forma
handl e for an operator. [0024] In order to place the nozzle(s) in a correct
posi ti o0t h 4 epiee leaning: ¢rvidenaceprdsng tof thg rembagdiment fadgoecdneprise @i red) tebe
positioning nmeans on the cl eaning device. This positioning nmeans, in its
si npl esporti@siviiith caiepths aszzée(syeibedse tofiatsingle designae pice 06 high) mbanthyrtat e
with a portion of an aircraft's APU air inlet. In this manner, the
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the aircraft body, thereby providing support for keeping the nozzle(s) in a
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spray \Arlggpréctt trc])ethé: l&%%nliaeqr?g gl%e\llrie((:i? Altseniart]iv(e)l?/,e rl;lgi[tiip(l)enfigid tubes may be used to house the
several nozzles.
[0023] In an alternate embodiment, the nozzle(s) and/or rigid tube portion may be integrated
into an elongated supply tube for supplying the required high pressure liquid to the APU. This
elongated tube may also be used to form a handle for an operator.
[0024] In order to place the nozzle(s) in a correct position with respect to the interior of an
APU, there is provided a positioning means on the cleaning device. This positioning means, in
its simplest design, comprises a member that is designed to conform and mate with a portion of
an aircraft’s APU air inlet. In this manner, the remainder of the cleaning device can simply be
rested in position against the aircraft body, thereby providing support for keeping the nozzle(s) in
a fixed position. For added stability, an operator may apply additional pressure to the cleaning
device to counterbalance reaction forces of the spray when the cleaning device is in operation.

[0025]  Alternatively, the positioning means can be designed as a clamp. As a result, the

cleaning device may temporarily be fixated to the aircraft body in a very secure manner without



[ 0025] Alternatively, the positioning neans can be designed as a clanp. As a
result, the cleaning device may tenporarily be fixated to the aircraft body
in a very secure nmanner wi thout 4 added pressure from an operator, thereby
freeing the operator to nonitor the washing operation instead. [0026] The
clanp may be designed in nunmerous ways, and nmay be adapted to conformto the
body of each specific aircraft nodel, particularly since APUs are built into
different aircrafts at different positions. [0027] Turning nowto Fig. 1, a
tail portion of an exenplary aircraft 100 (e.g., Boeing 737) is shown. In

t hi s aiaddediptessuddfromhan gyreLator, theeebyrfresinglthe ppratonteembnitert thel waslsngleparation
aircraft body (not shown). The air inlets 102 to the APUs are provided on
ei t her iaktdg.of the aircraft 100 just in front of the rear wings 103. Also
shown in Fig. 1 is a cleaning operator 105 using a spray cleaning device
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pressur ter I'sn shown he spray cleaning device
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air inlet 102 fpy the APU can be used to access the turbine for cleanlng
pur pos ediffpientirasttionhe need of |adders or |ift devices. [0028] Fig. 2
illustrates an exenplary enbodi nent of a spray cl eaning device 230. The
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di scussed in nore detail below. The nozzle 232 is attached to a nozzle tube

234 (1. Showd, AR HRFHY lmtﬂeh&PGQ%E ®h eaé’f‘f“dl@é" afesloéan&}"ﬂmd@% a&?af?‘bé&"(gbﬂ"g

angl e of about 90, although othér angles nay be appropriate for speécif
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but Shotl?lcl)rﬂ ooffthg ?g;rsv(\?lngse l(s).%:J CRISE)hs%E)WlnIlgul*ll(gj { lls(,) \allv cleaning operator 105 using a spray
cleaning device 104 according to an embodiment (the water supply system for providing high
pressure water is not shown). As shown in Fig. 1, the spray cleaning device 104 is operated from
the ground while the operator 105 holds the cleaning device 104 with his hands. Due to the
elongated water supply pipe 106, the air inlet 102 for the APU can be used to access the turbine
for cleaning purposes without the need of ladders or lift devices.
[0028] Fig. 2 illustrates an exemplary embodiment of a spray cleaning device 230. The device
230 comprises a spray nozzle 232, the design of which will be discussed in more detail below.
The nozzle 232 is attached to a nozzle tube 234 (i.e. a tube carrying the nozzle), which is shown
bent at a bending angle of about 90° although other angles may be appropriate for specific
applications, mainly depending on the design of the APU, and/or its position in an aircraft body.
The bending radius of the tube 234 is not critical, but should of course be such that liquid flow
there through is not restricted.

[0029]  Attached to the tube 234 is an adjustable positioning means 236. In this embodiment,

the positioning means 236 is shown as a generally “U”-shaped member, wherein the inner
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there through is not restricted. [0029] Attached to the tube 234 is an

adj ust abl e positioning neans 236. In this enbodi nent, the positioning neans
+236 is shown as a generally "U'-shaped nenber, wherein the inner 5 "walls"
of the menber are configured to conformw th the air inlet wall structure of
an aircraft. It should be understood, however, that this positioning nmeans
236 may be configured according to any desired shape, and to confirmto any
nounting | ocation. 100301 The spray nozzle carrying tube 234 is attached to
(or integral with) a water supply tube 238 at the distal end thereof.
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a fluid source (not shown) may be injected through the water supply tube
238,  uhotldrbeuglerstoad navtver, thab ¢hi?pakitichintg edns CB6 aiglbetdoafigwzd heoslingd2. As
is shown, the positioning neans 236 is rigidly connected to the nozzle
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manner, upon nounting the spray device 230 to an aircraft inlet, the spray

nozzl e( 32 will alreagdy be aj in th sjred direction. |In another
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an enbodi ment, once the nozzle(s) 232 are ainmed in a desired direction, the
posi t i odutergents droen 2 IWidveoprdee(ndi ghiotvan ety bedhjected dobuedh the wateasepply 663 218,
Turning nowto Fig. 3, the exenplary spray device 230 according to Fig. 2 is
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230 has been mounted directly onto an edge of the air inlet 301. The
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spray nozzle(s) 232 will already be aimed in the desired direction. In another embodiment, the
positioning means 236 may be loosely connected to the nozzle tube-water supply tube assembly
234-238, in which case the nozzle(s) 232 may be positioned after the spray device 230 has been
mounted. In such an embodiment, once the nozzle(s) 232 are aimed in a desired direction, the
positioning means 236 may be tightened and/or locked in place.

[0031] Turning now to Fig. 3, the exemplary spray device 230 according to Fig. 2 is shown in
a mounted position at an air inlet 301. As shown, the spray device 230 has been mounted
directly onto an edge of the air inlet 301. The positioning means 236 is shown accommodating an
edge of the air inlet 301 to form a firm, temporary connection between the air inlet 301 and the
spray device 230. Also shown are two bolts 303 on a back side of the positioning means 236.
These bolts 303 are used to fixedly connect the positioning means 236 to the nozzle tube-water
supply tube assembly 234-238. As noted above, this enables the spray nozzle(s) 232 to be in a
proper orientation once the spray device 230 has been mounted. It should be noted, however, that

any known means for fixedly attaching the positioning means 236 to the nozzle tube-water



These bolts 303 are used to fixedly connect the positioning nmeans 236 to the
nozzl e tube-water supply tube assenbly 234-238. As noted above, this
‘enabl es the spray nozzle(s) 232 to be in a proper orientation once the
spray device 230 has been nmounted. It should be noted, however, that any
known neans for fixedly attaching the positioning nmeans 236 to the nozzle
tube-water 6 supply tube assenbly 234-238 nmay be utilized w thout departing
fromthe scope of the enbodinment. Once the spray device 230 is securely
mounted to the air inlet 301, wash fluid 305 froma fluid source (not
shown) susplynjube tassently 2343 Sneasr bes wpiized witheutodepagting fionc she seapsuefhthehe
nozzl e tube 234, out of the nozzle(s) 232, and into the APU [0032] Fig. 4
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enbodi ment is designed to be rigidly fixed at an air inlet. As a result, it
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exenpl ary spray devi ce 440 conprlses one or nore nozzles 442 are

attache t a bendi ng angl e of about 90.
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connectjon 445 for ng a erX|bIe hose or other water supply tube to
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conprising a main body portion 446a having two wi ng portions 446b at

r espectémtmdenets is besignod to Theigallpfived atramrdienleddss a sesslij it abll e possitde of usheet
nmetal, although any other rigid material may be used. In one enbodi nent, the
supportﬂa@mpgbwgﬁﬁ‘ﬂﬁysbﬁﬂyonstructed fromtubes. [0035] The nozzle tube 444
is rigidly attached, e.g. via welding, to the main body portion 446a of the
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attached to a nozzle tube 444, which is bent at a bending angle of about 90°. The tube 444 is
coupled to a further tube section 454 having a hose connection 445 for coupling a flexible hose
or other water supply tube to the device 440.

[0034] There is also provided a support member 446 comprising a main body portion 446a
having two wing portions 446b at respective ends thereof. The support member 446 is suitably
made of sheet metal, although any other rigid material may be used. In one embodiment, the
support member 446 may be constructed from tubes.

[0035] The nozzle tube 444 is rigidly attached, e.g. via welding, to the main body portion
446a of the support member 446, so as to provide a fixed position of the nozzle(s) 442 with
respect to an APU when mounted.

[0036] On each wing portion 446b of the support member 446 there is attached a positioning
bracket 448. These brackets 448 may be essentially “U”-shaped, as shown, or any other
appropriate shape for conforming to the contour of an edge of an APU air inlet, and for holding

the spray device 440 in a fixed position in both lateral and vertical directions.



[ 0036] On each wing portion 446b of the support menber 446 there is attached
a positioning bracket 448. These brackets 448 may be essentially
"U'-shaped, as shown, or any other appropriate shape for conformng to the
contour of an edge of an APU air inlet, and for holding the spray device
440 in a fixed position in both lateral and vertical directions. 7 [0037] In
order to prevent spray forces fromforcing the spray device 440 away from
its desired nmounting position, there is provided a fixation nmeans 449. This
fixation neans 449 ensures that no uncontrolled novenent occurs by abutting
to parti80FF] t He cader torprevenstspuaytforces (oot foreingwhg spiy ldewice 4P iasyagnirom disce t o
prevent any unwanted novenent. This can be achieved either purely by
frictiodesir@r aeantiiy pouitian, therafis phoddedad fikionaineansnd49 , Thiy fikytiod padrs 430 t he
fixation neans 449 actually abutting sonme part of the aircraft body to
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enbodi nent shown in 4, |xat|on means 449 conprlses
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urges the arns 450 to nove apart so as to mnden the "V'. Optionally, end
stops abuely by fiidion forsesorethe atrcrfidody ptheianinietorn biiaderi of ghe Betionmenns 449

Sui tably, the maxi num defl ection could be set to correspond to a slightly
| ar ger zpaily tabatting tshmevpadt bf tife ditveafs padyetol minddri ok tvivdy naoverrient bethel sprayed.
The ends of each arm 450 are preferably provided with a rubber cap 452 to
provi deddvideqapon when abutting the aircraft body. [0039] In an alternative
enbodi ment, one of the arns 450 nay be rigid, while the other arm 450 may
be spri oa 4 [ h

exenpl a g3gevﬁ§ghe4%‘[ Q"gasrc%' Od? en%@ ‘?’génpgét“ tggéil%ufr{ %eansa“rﬁ‘t@ eg’wi)tr ltS"psatr‘av %ai r

i nl et 501 t %n APU of an alrcraft gan be seen, the torsion spri.ng (not
shown) tfpgp&i%a ed arms 450 arranged in a “V” configuration. The arms 450 are connected via a

torsion spring 451 which provides a torsion force that urges the arms 450 to move apart so as to
widen the “V”. Optionally, end stops are provided to prevent the arms 450 from widening too
much. Suitably, the maximum deflection could be set to correspond to a slightly larger span than
the width of the space in which they are to be clamped. The ends of each arm 450 are preferably
provided with a rubber cap 452 to provide friction when abutting the aircraft body.

[0039] In an alternative embodiment, one of the arms 450 may be rigid, while the other arm
450 may be spring-loaded by the torsion spring 451.

[0040] Fig. S5a shows the exemplary device 440 described with respect to Fig. 4, mounted at
an air inlet 501 to an APU of an aircraft. As can be seen, the torsion spring (not shown) forces
the arms 450 against a part of the structure of the air inlet 501. The friction between the rubber
caps 452 and the air inlet 501 together with the torsion spring force create a reaction force that is
large enough to withstand the force from water spray as it travels through the wash fluid and
nozzle tubes 454, 444. In Fig. 5a, the air inlet 501 comprises surfaces that have a slight

inclination which helps in creating the reaction force. However, even in a case where there is



the arns 450 against a part of the structure of the air inlet 501. The
friction between the rubber caps 452 and the air inlet 501 together with
‘the torsion spring force create a reaction force that is |arge enough to

wi thstand the force fromwater spray as it travels through the wash fluid
and nozzle tubes 454, 444. In Fig. 5a, the air inlet 501 conprises surfaces
that have a slight inclination which helps in creating the reaction force.
However, even in a case where there is 8 only an essentially horizontal air
inlet surface for the arnms 450 to rest against, the friction from the
rubber @dpsn asentiably honeortalr aiiniat gwifadedor e srmand &hio 198t against dief frigtion Gomeep
the spray device 440 in place during operation. In order to nount the spray
devi ce #hé40ubber cdpe 45epadithd fonce fiemshe aysiod eptingemdyifuffitd 1 ladeprhelt§ifdayragvidee
forced towards each other and when the spray device 440 is in position, the
arnms 45 i dn0 J t f ; ir
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Fig. 5a, the. ar 450 €ss ainst the air, inlet 501 and hol d the.spray
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forced towards each other against the spring force, as indicated in Fig. 5b,
t her ebyPAsEiPByiha M rRaxchs leased ie exqrt ipreerngamstthe syriace gbthe aropaty0li n an

al ternate enbodi nent, a spray device may conprise a renote control neans for
enabl i nNH04H op¥hat the spayrdeviot d#§ isnoanhountkdspusition, asaindigirSapthsiatrho#5G pressspr ay
device. An exenplary renote control neans 600 is shown in Fig. 6. As shown,

the rengahsCMB hirGhletBANRd HBROhe 9Py HSBE A0V E&c@.&@o EMRleaRe §RaPddiRe@a8a,
662b of an exenplary spray device 640 in suc a way that by pulling the

ire 66Q. th . : {7, 660
may o SpehRFAf TRy BR e B el BRE o B R AT Al I 35
d |l ey wheel 664 h . 662a, or through a |
ol o 1 rADEIREY TRBINEIF 693 FTHL (oS BbNtS MIeLFHl wi e 660 may Chen be pul | ed

al ong the tube 665 in suitable guide nenbers/structures, which
[0042] In an alternate embodiment, a spray device may comprise a remote control means for

enabling an operator to remotely mount, dismount, and/or position the spray device. An
exemplary remote control means 600 is shown in Fig. 6. As shown, the remote control means
600 comprises a wire 660 coupled to arms 662a, 662b of an exemplary spray device 640 in such
a way that by pulling the wire 660, the arms 662a, 662b are forced towards each other. The wire
660 may be attached to the lower arm 662b at attachment point 670, and looped around a pulley
wheel 664 on the upper arm 662a, or through a loop or a hole in the upper arm 662a (not shown).
The wire 660 may then be pulled along the tube 665 in suitable guide members/structures, which
in one embodiment could be implemented in the form of short tube segment(s) 668 attached to
the tube 665. When the wire 660 is pulled, the wire 660 will cause the lower arm 662b to move
upwards and the upper arm 662a to move downwards (as shown by the arrows in the figure),
thereby reducing the gap between the arms 662a, 662b. Once the wire 660 is released, the arms

662a, 662b will move apart from one another, creating tension against an air inlet structure.



i n.one enbodi ment could be inplenmented in the formof short tube segnent(s)
668 attached to the tube 665. Wien the wire 660 is pulled, the wire 660
Wi Il cause the lower arm 662b to nove upwards and the upper arm 662a to
nove downwards (as shown by the arrows in the figure), thereby reducing the
gap between the arns 662a, 662b. Once the wire 660 is rel eased, the arns
662a, 662b will nove apart from one another, creating tension against an air
inlet structure. 9 [0043] In an alternative enbodi nent, a notor and a gear
mechani sm (not shown) may be provided for mechanically opening and cl osing
t he ar f8043§2a]n 66 2ternThye embedimegte armotor ehdini geat tsochadismh @t sbowonmaplbeed by
a renote operator. The notor, simlar to the wire 660 could be used to
drive tgagvidddmHorb Ghan®alhp bpeniigpasd tedosiligh @it iaRs 6B24,h6620. NWakidsmber/gedrease
them froma nounted position, or outwards to lock themin position. [0044]

Wth refonense Bgadt@@q bé umRAfel 19fa Fehg)egperﬁowh'aqﬁotaersnﬁh apitRYgwARGer nore

APUs is provide an 1nitial “step 710, a novel spray cleaning device, as

di scl osed, her ei i S provide .cl eani.ng. devi ce. may co i Se one or nore
noss1 oo beusidin drly e AR farodh cBPHE SiFetons FifebE bl Sfatt FerBe for
suppl yi ng mashing fluid to said nozzles, and a positioning neans for

posi t i drinhg mokatee pesiben, 9b petwaedsAp dagkithemyingaositioad ori entation. The
positioning nmeans nay optionally further conprise a clanping nenber adapted

t o enggoeddn avith reidreficesd thecflowehatifof dig. 7ah hesttaddt for Elpirinnand §r, mbfeeAPUs is
positioning nmeans may al so i nclude a support nenber, for use in holding the

spray che&aMdIAsdRvhitial &gl 16 ta fovBOpdydleding dGic] dsCdigiidse® Ain, §OPBGREST O
an end of the water tube may be a ri'gid el"ongated tube nade of any suitable
rigid %eﬁéal,(gr.a 21%§ib|% hgsg n%ge(Qfls?n Ssuitabl%.flﬁxhglﬁ t ubi ng.
Opt i onal 1% A HE FVEF %1 CRYAPE Q™Y b& Hal46E° ¥ BEC U5 YA P ek C8idds €,
t hereby enabling an operator to raise and. ]l ower the spray cl eaning device.
[ 0045] Tegre ARUre adyatentubs &4 suprlymavyasking dluigt o saibaozzles, ansiga pesitiopig meansngaged
onto an air inlet

for positioning the one or more nozzles in a desired orientation. The positioning means may

optionally further comprise a clamping member adapted to engage an air inlet structure of an
aircraft. Optionally, the positioning means may also include a support member, for use in holding
the spray cleaning device against a portion of the aircraft body. Connected to an end of the water
tube may be a rigid elongated tube made of any suitable rigid material, or a flexible hose made of
any suitable flexible tubing. Optionally, the rigid elongated tube may be telescopically
extendable, thereby enabling an operator to raise and lower the spray cleaning device.

[0045]  Once the spray cleaning device is provided, at 720, it may be engaged onto an air inlet
structure of the aircraft via the clamping member. Optionally, if the positioning means includes a
support member, an operator may hold the support member against a portion of the aircraft body.
As will be appreciated by those in the art, utilizing the support member in this manner will
provide further stability and support to the cleaning device while in operation. Indeed, depending
on the implementation, the support member may be utilized without having to engage the

clamping member at all.

10
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structure of the aircraft via the clanping nenber. Optionally, if the
positioning nmeans includes a support nenber, an operator nmay hold the

support nenber against a portion of the aircraft body. As wll be
appreciated by those in the art, utilizing the support nmenber in this manner
will provide further stability and support to the cleaning device while in

operation. Indeed, depending on the inplenentation, the support nenber may
be utilized without having to engage the clanping nenber at all. 10 [0046]
At 730, after the spray cleaning device has been properly engaged, washing
fluid f0046] a Atl1BOdafsnuiecsprayastednéngpdenice dedbdeh poepghly thgagedzzdsemg\vluad frive wat er
tube at a desired spray pressure, spray tenperature, and spray dropl et

si ze. [OfdidlsotRs hapak bovika thehgfihe heXges vidge ik Yuld a@@@ieﬁ&d@@féity@eesgm&
include two arns ih a V- configuration. In such an enbodi nent, fhe nethod

may fur%Da te&ggg&%ﬁgnfﬁﬁn of)llg{as&é{vo arns together, positioning the spray

cl eanin evi refeasing the two arns. If the arns are spring

| oaded, the force ner at e s a result of the spring.loading will cayse the
tvio. ar OO réﬂ}@ng@a@ﬁ ng %@&Mﬁq SRIBY £iegiag g?v"f%@agﬂm@lfdgftwo PIEfRAD y,
the spring loading is selected to provide sufficient force to nmaintain the
spray cdoaéigingordduisueh sn atmbedimedt, ithe pethiodinay fluthemepnaprispasging ghaopyer amison. | n
enbodi ments where a renote control mechanismis used to operate the arns,

t he netwgehdpyositionidpethe @p:aﬁ tlea@ingaeed, lajd tHen REIEAAIY thakhy athiQi Nehel di@s a0 ar ns
apart prior to position the spray cleaning device, and then rel easing the

Lvo ar gy hg 160B0R AL 0S8 af Bessl d1SheLbingl ROARL HAB,EAAPLEL b e

washi ng "op@ration, pray cleaning device e’ renove rom air
inlet structur ear\ﬂlfjra un(%

KRR N RTE R TR T o SRR

spray Cllar((a)\(’?irc]ile r;gfﬁ%?e\r/llt %(?rcel ?o maintain the spray cleaning device stable and in position during a
washing operation. In embodiments where a remote control mechanism is used to operate the
arms, the method may further comprise manually or mechanically urging the two arms apart prior
to position the spray cleaning device, and then releasing the two arms to engage portions of the
aircraft.
[0048] Upon completing the washing operation, the spray cleaning device may be removed
from the air inlet structure via unclamping the clamping member, releasing the support member,
and/or urging the two arms together, depending on which form of spray cleaning device is
implemented.
[0049] The foregoing examples are provided merely for the purpose of explanation and are in
no way to be construed as limiting. While reference to various embodiments are shown, the
words used herein are words of description and illustration, rather than words of limitation.

Further, although reference to particular means, materials, and embodiments are shown, there is

no limitation to the particulars disclosed herein. Rather, the embodiments extend to all

11



i npl enented. [0049] The foregoing exanples are provided nerely for the

pur pose of explanation and are in no way to be construed as |imting. Wile
‘reference to various enbodi nents are shown, the words used herein are words
of description and illustration, rather than words of limtation. Further,
al t hough reference to particular nmeans, materials, and enbodi nents are
shown, there is no limtation to the particulars disclosed herein. Rather,
t he enmbodi nents extend to all 11 functionally equival ent structures,

nmet hods, and uses, such as are within the scope of the appended clains. 12
CLAI Vs: function@llys ggeiyalentestrictigesd angthedss gnd gisesarshely aarpraundithin dhe spapgeel thei t
(APU) | ocated inside the body of an aircraft, said cleaning device

conpr i sdppgridedokrimg. nore spray nozzles; a water tube for supplying water to
said nozzl es, said nozzles being attached to a distal end portion of said
wat er tube; and positioning neans rigidly connected to said water tube for
positioning the nozzles wth respect to the APU 2. The spray cl eaning
device of claim1l, wherein said positioning means conprises a clanping
menber adapted to engage with a structure on the aircraft body to clanp the
spray cleaning device in a desired position. 3. The spray cl eaning device
of claim1, wherein said positioning nmeans conprises a support nenber
adapted to be held against a selected part of the aircraft body for hol ding
t he

12



spray cleaning device firmy in a desired position without clanping it to
the aircraft body. 4. The spray cleaning device of claim1, wherein said
"positioning neans is connected to a distal rigid portion of the water tube.
5. The spray cl eaning device of claim1l1l, wherein said water tube is
removably connectable to at |east one of a rigid elongated tube and a

fl exi ble hose. 6. The spray cleaning device of claim5, wherein said rigid
el ongated tube is telescopically extendable. 7. The spray cl eaning device
of claim1l, wherein said distal end portion of the water tube is curved so
as to dtkABMSthe spray nozzles to a desired location in the APU to be
cleaned. 13 8. The spray cleaning device of claim1l, wherein the water tube
is branched to provide at least two rigid distal end portions, each
conprising at | east one spray nozzle. 9. The spray cleaning device of claim

8, whergin the A@#r&ﬁé@éniﬁg"&vl’lcig9&&%?&%5%5&1‘1%@? i wer uit B G iobAEd inGidepNdent

positioning of the "'nozzles. spray cle ng device of claim 2,
wherei n_the.cl anpi J Cgber conprises.two arms in a V-configuration, at
| east gﬁ@y8fm§§ggd§%W§EC@PW§ Sﬁ@?ﬁﬂ?FBEE%d. 11. The spray cl eani ng devi ce of
claim 10, wherein both arns are spring-loaded. 12. The spray cl eani ng device
of claim 10, wﬁé?éﬁ%ogﬁWﬁﬁ@“¥€P%e resulting fromthe spring |oaded arns
urges said arnms apart. 13. The spray cl eaning device of claim 12, further
conpri si ng nmeansvdtartuber fgr supplyliez watesto shidwardes, edd hozdldsdreinggdtactet té e spri ng
force. 14. The spray cleaning device of claim 10, wherein each arm conprises
frictiodisthlesdpoAdn o8B vater tube; and
positioning means rigidly connected to said water tube for positioning the nozzles

with respect to the APU.

2. The spray cleaning device of claim 1, wherein said positioning means comprises a

clamping member adapted to engage with a structure on the aircraft body to clamp the spray

cleaning device in a desired position.

3. The spray cleaning device of claim 1, wherein said positioning means comprises a

support member adapted to be held against a selected part of the aircraft body for holding the

spray cleaning device firmly in a desired position without clamping it to the aircraft body.

4. The spray cleaning device of claim 1, wherein said positioning means is connected to

a distal rigid portion of the water tube.

5. The spray cleaning device of claim 1, wherein said water tube is removably

connectable to at least one of a rigid elongated tube and a flexible hose.

6. The spray cleaning device of claim 5, wherein said rigid elongated tube is

telescopically extendable.

7. The spray cleaning device of claim 1, wherein said distal end portion of the water

tube is curved so as to direct the spray nozzles to a desired location in the APU to be cleaned.

13



15. The spray cl eaning device of claim110, further conprising a renote
control neans for wurging the arns towards each other. 16. The spray
“cl eani ng device of claim 15, wherein said renote control means conprises a
wire fixedly attached to a first of the arnms and | ooped around a pull ey
attached to a second of the arnms, wherein downward tension on the wire
causes the first and second arns to nove towards each other. 17. The spray
cl eani ng device of claim 15, wherein said renote control nmeans conprises at
| east one gear attached to at | east one of the arnms, and a notor attached to
the at §.east oddbe geray cledring deviied afglagmildwheraim, thewvaeteetube iprpadhed tp prheideot or
drives the at | east one gear such that the arns are urged together. 14 18.
A syst efidagttwe Irigadingl i pRididns] Qe caapinddiildast dNeldpraymoztle.craf ts,
conprising: a spray cleaning device, conprising: one or nore spray nozzles;
a wat erq tube f j . . S &l , | ]

9 Fgﬁfk%ﬁﬂﬂ%wﬁ@é of{c@afﬁgk'a?«g@l%zthga 1ea;s§{v%aﬂ%é§hg§oéﬁ%h§‘£}e

attached to a ortion o wat er tube; st tionlng

nmeans ri id%ﬁgg&gnec ed tg.saidf ter fube for positioning the nozzles with
r espect29ERet FRE GSPPNCAPOSHICB SN VICRPZEIEM f or provi di ng pressurized and
tenperature controlled washing fluid to the spray cleaning device. 19. The
syst em B cl ai rhhe Spraypleaming devies afigiain2, wherertheleleinpiegneiaksiicomprisegitiio at  a
pressure of 30 - 85 Bar, a tenperature of anbient - 70 C, and with a spray
dr opl etarime&na Vicoeafigiration, at least one of said arms being spring-loaded.

11 The spray cleaning device of claim 10, wherein both arms are spring-loaded.

12. The spray cleaning device of claim 10, wherein spring force resulting from the spring

loaded arms urges said arms apart.

13. The spray cleaning device of claim 12, further comprising means for urging the arms

towards each other against the spring force.

14. The spray cleaning device of claim 10, wherein each arm comprises friction reducing
means.
15. The spray cleaning device of claim 10, further comprising a remote control means for

urging the arms towards each other.

16. The spray cleaning device of claim 15, wherein said remote control means comprises
a wire fixedly attached to a first of the arms and looped around a pulley attached to a second of
the arms, wherein downward tension on the wire causes the first and second arms to move
towards each other.

17. The spray cleaning device of claim 15, wherein said remote control means comprises
at least one gear attached to at least one of the arms, and a motor attached to the at least one gear
for driving said gear, wherein operating the motor drives the at least one gear such that the arms

are urged together.
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40.- 250 m 20. A nethod for cleaning an auxiliary power unit (APU) |ocated
i nside the body of an aircraft, the nethod conprising: providing a spray
~cl eani ng devi ce conprising one or nore nozzles, a water tube for supplying
washing fluid to said nozzles, and a positioning neans for positioning the
one or nore nozzles in a desired orientation, said positioning neans
conprising a clanping nenber adapted to engage an air inlet structure of
the aircraft; engaging the clanping nmenber onto an air inlet structure; and
suppl ying washing fluid to the one or nore nozzles via the water tube at a
desi r ed!8. spr ay psystesufos clespnagn aunilisy aeweramitd ABUS i aiycrefisoporaprisingze. 15 21.
The nmet hod of claim 20, wherein the spray cleaning device further conprises
a support nenagpraylchaningidsade, fcomplising:conpri si ng: manual 'y hol di ng t he
support nenber against a selected portion of the aircraft body for

mei ntai ning the pasit B HeyHo-7BE SPray cleaning device. 22. The method of
claim 20, wherein the clanpi'ng nenber conprises two arns in a V-
configuration, ast, o t hod

at | e of ,said ar ei ng spr.i.ng-|.oaded tq%
Further compri si Agacivs Re sRyieks a8 Reedies pa B e r e Bhr ay
cleaniaﬁ device within a portion of the aircraft; and releasing the two
arns, wHeplkand ppaioaef spidvarsquisyande spring-1oading urges the two arns apart
and agai nst portions of the aircraft. 23. The nmethod of claim 22, wherein at
| east one of t he agrossionmgsprannggidlyasenkctd4o sdith evane tubedoofosalonainptR®, wher ei n
a renote control neans is used for urging the
nozzles with respect to the APU,;
and
a sui)ply system for providing pressurized and temperature controlled washing fluid
to the spray cleaning device.
19. The system of claim 18, wherein the supply system delivers washing fluid at a
pressure of 30 - 85 Bar, a temperature of ambient - 70 °C, and with a spray droplet mean size of
40 - 250 pm.
20. A method for cleaning an auxiliary power unit (APU) located inside the body of an
aircraft, the method comprising:
providing a spray cleaning device comprising one or more nozzles, a water tube for
supplying washing fluid to said nozzles, and a positioning means for positioning the one or more
nozzles in a desired orientation, said positioning means comprising a clamping member adapted
to engage an air inlet structure of the aircraft;
engaging the clamping member onto an air inlet structure; and

supplying washing fluid to the one or more nozzles via the water tube at a desired

spray pressure, spray temperature, and spray droplet size.
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arms together. 25. The nethod of claim 24, wherein the renote control neans
conprises a wire fixedly attached to a first of the arns and | ooped around
“a pulley attached to a second of the arnms, wherein dowward tension on the
wire causes the first and second arns to nove towards each other, the

met hod further conprising: applying dowmward tension on the wire to urge the
two arns together; positioning the spray cleaning device; and rel easing the
tension on the wire to force the two arns apart and agai nst portions of the
aircraft. 16 26. The met hod of claim 24, wherein the renote control means
conpri 9ds at | edbe msthed ofelsim 201 wedreia thespaay dlesaing dswiee Hirthepeoraprisgs a and a
notor attached to the at |east one gear for driving said gear, wherein

oper at isnppdrireemidrpthe drethodsfutthee camptisiagt one gear such that the arms are
urged together, the nmethod further conprising: cranking the notor to drive

the gears such %hallﬁ%ldﬂ’x\@t}@sﬁﬁp&( ﬁeMB&%@alhggl%Egﬂ’ed o:l@i‘%ﬁ'off 'tlf%%r@ﬂiftt%@y spray
cl eani ng device; and'driving the gears in an opp05|te direction to force the

L0, 2 15, BRI 3991 0%he oPRE hADRend Bi@ Toralt 27, The rethod of

claim erei P1 oni feanse i's ‘connected to a distal rigid
portion _of the ter 28. The met hod of, cl aim 20, wherein said mater
ng&%alﬂr@ 0¥ gmsmbs

t ube i £%r enovabllje &% hgrein dhesglampip r?‘i”@?r&e%Wéf’rﬁH‘t“‘é‘Hat abe and

a flexible hose. 29. The nethod of claim 28, wherein said rigid el ongated
t ube i sonkgurstimpatdedst gne of said arms being spring-loaded, the method further comprising:

urging the two arms together;
positioning the spray cleaning device within a portion of the aircraft; and
releasing the two arms, wherein force provided by the spring-loading urges the two
arms apart and against portions of the aircraft.
23, The method of claim 22, wherein at least one of the arms is spring loaded.
24. The method of claim 22, wherein a remote control means is used for urging the
arms together.
25. The method of claim 24, wherein the remote control means comprises a wire fixedly
attached to a first of the arms and looped around a pulley attached to a second of the arms,
wherein downward tension on the wire causes the first and second arms to move towards each
other, the method further comprising:
applying downward tension on the wire to urge the two arms together;
positioning the spray cleaning device; and
releasing the tension on the wire to force the two arms apart and against portions of

the aircraft.
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30. The nethod of claim 20, wherein said water tube conprises a

distal end portion that is curved to direct spray fromthe nozzles to a
desired location in the APU. 31. The nethod of claim 20, wherein said water
tube is branched to provide at least two rigid distal end portions, each
conprising at | east one nozzle. 32. The nmethod of claim 31, wherein the at

|l east two rigid distal end portions are adapted for independent positioning
of the nozzles, the method further conprising positioning each nozzle with
respect to one or nore APUs being cleaned. 17

26.

The method of claim 24, wherein the remote control means comprises at least one

gear attached to at least one of the arms, and a motor attached to the at least one gear for driving

said gear, wherein operating the motor drives the at least one gear such that the arms are urged

together, the method further comprising:

cranking the motor to drive the gears such that the two arms are urged together;
positioning the spray cleaning device; and

driving the gears in an opposite direction to force the two arms apart and against

portions of the aircraft.

27.

The method of claim 20, wherein said positioning means is connected to a distal rigid

portion of the water tube.

28.

The method of claim 20, wherein said water tube is removably connectable to at least

one of a rigid elongated tube and a flexible hose.

29. The method of claim 28, wherein said rigid elongated tube is telescopically
extendable.
30. The method of claim 20, wherein said water tube comprises a distal end portion

that is curved to direct spray from the nozzles to a desired location in the APU.

31.

The method of claim 20, wherein said water tube is branched to provide at least two

rigid distal end portions, each comprising at least one nozzle.

32.

The method of claim 31, wherein the at least two rigid distal end portions are

adapted for independent positioning of the nozzles, the method further comprising positioning

each nozzle with respect to one or more APUs being cleaned.
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