System for washing an aero gas turbine engine
Technical field The present invention generally
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and nore specifically systens and a vehicle for
washi ng a gas turbine engine installed on an aircraft.
Background of the invention Agas turbine aircraft
engi ne conpri ses of a conpressor conpressing ambi ent
air, a conbustor burning fuel together with the
conpressed air and a turbine for powering the
corf§ystensv for Washing andaexp gasiturhinenengines drive the
turbine and also result in thrust for propul sion.
Aircraft flying at high altitude ingest the clean air
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While the aircraft is grounded at the airport there

are additional particles to consider such as
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15 Aircraft flying at high altitude ingest the clean air prevailing at these
altitudes. However, at the aerodromes the air contains foreign
particles in form of aerosols which enters the engine with the air
stream. Typical particles found in the aerodrome air are pollen,"
insects, hydrocarbons coming from industrial activities and salt

20 coming from nearby sea. While the aircraft is grounded at the airport
there are additional particles to consider such as combustion
residues in engine exhaust from taxing aircraft, chemicals coming
from aircraft de-icing and ground material such as dust. The majority
of the foreign particles will follow the gas path through the engine

25 and exit with the exhaust gases. However, there are particles with
properties of sticking on to components in the engine’s gas path,
especially in the compressor section of the engine. This is known as
fouling.

30 Compressor fouling results in a change in the properties of the

boundary layer air stream of the compressor components. The



Conmpressor fouling results in a change in the

properties of the boundary |ayer air stream of the
w@ovpna®sdr conponents. Thepresence of forei gnPCT/EP2005/052643

particles results in an increase of the conponent

surface roughness. As air flows over the surface the

i ncrease of surface roughness results in a thickening

of the boundary |ayer air stream The thickening of

t he boundary | ayer air stream has negative effects on

the conpressor aerodynamics in formof a reduced mass
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Reduced compressor efficiency means that the compressor requires
more power for compressing the same amount of air. The power for
driving the compressor is taken from the turbine via the shaft. With

20 the turbine requiring more power to drive the compressor there will
be less power to create thrust for propulsion. For the aircraft pilot
this means he must throttle for more fuel as to compensate for the
reduced thrust. Throttling for more fuel means the consumption of
fuel increases and thereby increasing the operating costs.

25 'The performance loss caused by compressor fouling also reduces the
durability of the engine. As more fuel has to be fired for reaching a
required thrust level, follows an increase in the engine firing
temperature. When the pilot on the runway throttles for take-off, the
engine’s hot section components are under critical high temperature

30 load. Controlling the combustion gas temperature is a key issue in

engine performance monitoring. The controlling temperature known



The performance | oss caused by conpressor fouling al so
reduces the durability of the engine. As nore fuel has
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follows an increase in the engine firing tenperature.
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follows an increase of NOx formation. NOx formation depends to a
large extent on the design of the burner and a general number can
riot be provided. However, any incremental temperature tise to a
given burner design results in an increase in NOx formation. Hence,
20 compressor fouling has negative effects to aero engine performance
such as increasing fuel consumption, reducing engine life and
increasing emissions.
A number of engine washing techniques has developed over the years
as to reduce or eliminate the negative effects of fouling. The simplest
25 washing method is taking a garden hose and spraying water into the
engine inlet. This method has however limited success due to the
simple nature of the process. An alternative method is hand
scrubbing the blades with a brush and liquid. This method has
limited success as it does not enable cleaning of the blades in the

30 interior of the compressor. Moreover, it is time-consuming. U.S. Pat

5,868,860 to Asplund discloses the use of a manifold for washing of



conpressor fouling has negative effects to aero engine
performance such as increasing fuel consunption,
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The commercial air traffic has developed into an efficient tool for

carrying passengers and goods from one place to another. The
aircraft fleet today comprises of a large number of aircraft types
supplied by many aircraft manufacturers. The engines used for

20 propelling these aircrafts are manufactured by several engine
manufacturers, supplying engines of different size and with different
performance characteristics. Engine manufacturers also supply
engines that are compatible with engines from other manufacturers
which mean that there are alternative engines, although not identical,

25 available for the same aircraft. This result in a large possible
combination of aircraft engines on aircraft types. This is found being
a disadvantage when practising washing as the wash equipment need
to be sized and engineered to meet the individual designs. It is the
purpose of this invention to simplify washing of the engines.

30



The comercial air traffic has devel oped into an
efficient tool for carrying passengers and goods from
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conprises of a large nunber ofs aircraft types supplied

by many aircraft manufacturers. The engi nes used for
propelling these aircrafts are manufactured by several
engi ne manufacturers, supplying engines of different

size and with different performance characteristics.

Engi ne manufacturers al so supply engines that are
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towards core engine outlet 12. The expansion of the hot combustion
gases is done in two stages. In a first stage the combustion gases
expands to an intermediate pressure while driving turbine 18.In a
20 second stage the hot combustion gases expands towards ambient
pressure while driving turbine 16. The combustion gases exits the
engine at outlet 12 at high velocity providing thrust. The gas from
outlet 12 together with air from outlet 11 together make up the
engine thrust.
25
A washing device according to prior art consist of a manifold 102 in
form of a tube which in one end is connected to a nozzle 103 and the
other end connected to a coupling 104. Hose 105 is at one end
connected to coupling 104 while the other end is connected to a
30 liquid pump (not shown). Manifold 102 is resting upon inlet cowling
11 and held in firm position during washing by securing it with a



at inlet 13. The air to the core engine is then
conpressed by conpressor 17. The conpressed air
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conmbustor 101 resulting in pregssurized hot conbustion
gases. The pressurized hot conbusti on gases expand
towards core engine outlet 12. The expansion of the
hot conbustion gases is done in two stages. In a first
stage the conbusti on gases expands to an internediate
pressure while driving turbine 18. In a second stage
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and is removed after completion of the wash. Fig.2 shows an example

L

of a prior art manifold when installed in a turbofan engine inlet.
Similar parts are shown with the same reference numbers as Fig.1.
Manifold 102 is resting on inlet cowling 11 of the air intake to engine
20 1. Manifold 102 is fabricated to fit the shape of the inlet cowling as to
be in firm position during washing. To ensure that the manifold is
held in a firm position, a strap 21 is attached to the manifold outside
of the inlet and tighten against a hook (not shown) hooked on to the
engine outlet. Wash liquid is pumped by a pump (not shown) through
25 hose 105 via coupling 104 to manifold 102 and further to nozzles
103. Manifold 102 is in form of a tube which serves as a conduit for
the wash liquid. Manifold 102 also act as a stiff support to the
nozzles as to hold the nozzles in firm position during washing. For a
good wash result a proper positioning of the manifold is mandatory.
30 For this purpose the manifold has to be designed and engineered with

respect to the shape of the inlet cowling and the characteristic



will be subject to forces such as the air draught and

centrifugal forces during washing. Prior art describes
wao b@sasesdf a manifold with nozzl es for injectPCEPINGS/052643

wash fluid into the engine inlet. It is comon that

the manifold is placed in the inlet cowing while

using the cowing for its support. The manifold is

thus tenporarily installed for the washing process and

is renoved after conpletion of the wash. Fig.2 shows

an exanple of a prior art manifold when installed in a

t urgroinzetrye ogithe engire. Fugiings, dhe paanidoldrikas toha designed and

the same reference nunbers as Fig.l. Manifold.1 '
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wash result a proper positioning of the manifold is
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number of manifolds. It is the purpose of this invention to reduce the

number of manifold the airline operator has to kéep in stock.

20 ‘The manifolds according to prior art are of large dimensions as a
result of the large intake geometry of large aircraft engines. The

manifolds thereby require significant storage space at storage.

The invention as described in the preferred embodiments discloses a
25 universal manifold that is significantly smaller in size compared to
prior art manifolds. It is the purpose of this invention to reduce the

storage space by providing a small manifold.

The manifolds according to prior art design result in significant
30 amount of labour hours to engineer, manufacture and test for fit.

Further, the manifold is put in production in only small series as



different aircraft engines which result in many
different inlet air cowing designs. As the manifold
W ades2@spport on the inlet cowing this nmeansPCTiBEP2005/052643
many different manifolds wll ghave to be manufactured
as to service a large fleet of aircraft. This is a
di sadvantage as an airline operator will have to stock
a large nunber of manifolds. This invention as
described in the preferred enbodi nents discl oses a
mani fold that has no contact wwth the inlet cowing.
Thethessixfayl xjo1abe dodinmany aeirchadt witte atspecifitheombinatiom ot
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operator.

As disclosed in the preferred embodiment of this invention the

20 universal, no-contact manifold according to the invention is put and
held in position by the use of an arm such as a robotic arm. The
robotic arm is operated from a control panel by an operator adjacent
to the engine. The robotic arm allows the universal manifold to be
positioned in the intake of the engine without physical contact

25 between the aircraft and the universal manifold. The use of a robotic
arm for positioning the manifold simplifies the set-up operations and
makes the set-up safer. The wash operations can be viewed by the
operator by direct eye contact with the engine inlet or by help of a
viewing device such as an instant recording camera on the robotic

30 arm. The use of a camera enables the operator to position the



invention is in principal engineered once and may be
but in production in larger series. This will reduce

wao b@saowss for the universal manifold. It is tPEI/EP2005/052643
pur pose of this invention to meduce costs for the
airline operator. Washing aircraft engines may be
conducted by the airline operator or by a specialist
organi sation like an Airport Engine Wash Service
Centre. If the washing is conducted by a service
centre the di sadvantage by having many manifolds in
st onknifeldemm asowell siew detadlsadf theneasinoperatinn which e may
centrety service a large nunber of different
ai MPtAhenwise e craft engines. It is the purpose of
this invention to reduce costs for the Airport Engine

Wash Service Centre operator As disclosed in th
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Lh

Maintenance Manual. This manual gives instructions on engine wash
requirements and limitations such as installing an object like a wash
manifold on the engine inlet cowling. By the use of a no-contact
manifold according to the preferred embodiments of this invention it

20 is not necessary to consult the Aircraft Maintenance Manual for
purpose of installing the manifold. It is the purpose of this invention
to avoid any conflict with any aircraft operational instructions such
as the Aircraft Maintenance Manual by a manifold with no contact
with the aircraft.

25
Conducting an engine wash requires that the aircraft has to be taken
out of service for some time. It is in the interest of the airline operator
to reduce the time the aircraft is out of service. The use of the
universal and no-contact manifold according to the invention reduce

30 the time for the wash operation as the set-up time for the manifold is

shortened. Further, the universal and no-contact manifold can be



There have been nentioned sone issues of concern

related to the use of the prior art manifold. The use
wo@Rooa/12@98Dtic armis a safety device reduci ng PEEEP108%052643

of accidental danmage. The prigy art manifold can cause

damage to the aircraft, e.g. a dent on the cowing, by

acci dental handling of the manifold during

installation or renoval. This invention as described

in the preferred enbodi nents di scl oses the use of a

robotic armfor a sinplified and safer positioning of

t heperaiddobyl oahitohd epelator pdessmicittthe airsdaftodr alternatively

acci dental damage. It _is the purppse, of this inventi

£ o bckriRate, GRIES K 15rthe R Rase A1 tRin IRy o e er e

on dhie 8t 16é dashSepstafsn Wasdid Eedute @RUiaBesr reguireftent.

that the operations conply with the instructions given

by the Aircraft Mintenance Manual. This manual gives

511 it 8BRecl pERURRARE SO SRRl fofiifion wil be
mardiSohskednbélbe ey giaaamsi ofl axenlfyingemPpdimentsse of a

no- contact nmani fold according to the preferred
enbodi nents of this invention it is not necessary to

CorsHét dédigiphidit bhftie dRiwingsance Manual for purpose of
installing the rmnifoltf*l. It is the rpose%fsthf'?sd.
i nVRefarsed eghadimenis ot Boniveatian wil RRy be Aesgiped in
PE5Rk R | ke A6cdhiatin dfdwings, in which
1OBBS%?éﬁgﬁgga%gﬁ%%F6%§&2§}anifoId with no contac? Wi th
the aircraft. Conducting an engi ne wash requires that
t he,.ai ' Qs
t1 ] BhBus, H8Rrb REAALERa R Halk Bttt ooy,
r edmeaifohkahtdmeozzles fai mashiing ascandingfto geioriarg. The
use of the universal and no-contact manifold according
to the invention reduce the tine for the wash
150periagld 8Rows thiemasifoldpinistdlted Bt thdimlenof anladro engine

according to prior art.

Fig.3 shows the wash unit with the no-contact spray head according
to the invention.

20
Fig.4a show the application of the invention when washing an ‘under

wing’ mounted engine.

Fig.4b shows the application of the invention when washing a ‘tail’

25 mounted engine.

Fig.5 shows spray head details according to the invention.

Fig.6 shows an alternative embodiment of the spray head.
30



shortened. Further, the universal and no-contact
mani fol d can beoperated by only one operator present
w@rooshzooss rcraft or alternatively by renote coPCT/BP200$/052643
is the purpose of this inventipn to shorten the tine
for the wash operation and to reduce the | abour
requi renent. Further objects and advantages of the
present invention will be discussed bel ow by neans of
exenpl i fying enbodi ments. Brief description of the
drawi ngs Preferred enbodi nents of the invention wll
NoWiRE adslsews egdhing of eaé &m dbhaukrbefanherigiherameondihg to the
t he accgnpanyi ng drawi ngs, in which Fig. 1 shows the
cr d8¥€RER; on of a two shaft turbofan engine with
mani fol d and nozzl es for washing according to prior
art. Fig.2 shows the manifold installed in the inlet
of Eig. dbrshosvrgvashingef dierepreengineof arturbefay enginews
he . Ut W no- contact spray head according
5:0 %c\#gi?]ﬁiﬁr?ﬁh\o@nﬁﬁbg%fé show t he application of the
i nventi on when washing an H nder wi ng' nounted engi ne.

Fi g.4h, shows .t he lication.of the invention when
e e, SEOVE How B8 st Tagrriire s Sttt bV2pPa6 ke
det @irhéraa86Q distaghceanbiguring davicenstdlkdbos thespady head.
al ternative enbodi nent of the spray head. Fig. 7a shows
washi ng of the fan of a turbofan engi ne according to

14 hegy W@?Bﬁrg%eﬁkﬁve@%lﬂ?&%nwm ey HeddEedoRlmhg to the
engl ne of a turbofan engi ne according to the
i nvimventan. Fi g. 8 shows how the wash procedure is
controlled by neans of a canera and di stance neasuri ng
device installed on the spray head.

Fig.10 shows the universal, no-contact spray head and a waste water

collecting device with waste water treatment for reuse of the wash

15  liquid.

Description of preferred embodiments

The invention disclosed heir in déscribes a system including a
manifold that has no contact with the inlet air cowling. Having no

20 contact with the inlet air cowling eliminates the issue of
manufacturing adapted manifolds to the large number of aircraft
engine inlet cowlings. Further, the manifold disclosed heir in is
universal in the meaning that it may service small engines as well as
large engines as the manifold has multi size capabilities. A manifold

25 having multi size capability eliminates the issue of manufacturing

many manifolds for aircraft engines of varying size.

Fig.3 shows the application of the universal and non-contact
manifold according to the invention. An aero engine 1 installed on an
30 aircraft (not shown) is subject to washing. Wash unit 31 is a unit for

delivering wash liquid to a spray head 33. Spray head 33 includes a



Fig.9 shows the universal, no-contact spray head

according to the invention. Fig. 10 shows the
w@niogae®sd , no-contact spray head and a wast e MEI/BP2005/052643

collecting device with waste ymter treatnent for reuse

of the wash |iquid. Description of preferred

enbodi nents The invention disclosed heir in describes

a systemincluding a mani fold that has no contact with

the inlet air cowing. Having no contact with the

inlet air coming elimnates the issue of
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Spray head 33 includes amani fold 36 for_di ,strlgutl Hg

t hechempigpls eplyrich as sphvshtesnbiicalbr the Hapiq s beated'as
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15 washing aircraft engines at an airport. Wash unit 31 may then be

()]

part of a vehicle 32. Vehicle 32 may be a hand towed cart or a motor
driven cart or a person carrying vehicle such as a small truck.

Alternatively, wash unit 31 may not be mobile.

20 Spray head 33 is held in fixed position in the inlet of engine 1 by
robotic arm 34. Robotic arm 34 is at one end installed on wash unit
31 and has spray head 33 on the other end. Robotic arm 34 has at
least one articulated joint and a wrist enabling appropriate
positioning of spray head 33 in inlet 301 of engine 1. The robotic arm

25 is moveable with at least three degrees of freedom. Robot arm 34
operates by a hydraulic or pneumatic or electric or mechanically
hand driven operating device (not shown) or may be moved by hand
force. In an embodiment of the present invention, the robotic arm
may comprise one or several telescopic parts. For example, a part

30 between two joints may be telescopic.



operation. The liquid may be water only or water with
chem cals or chemcals only such as sol vents.
waysaziosy the liquid is heated as washi ng w t PCTIBP2005/052643
liquid as hot |iquid enhancesjjhe wash result. The
wash liquid is pressurized by the punp for
distribution to the nozzles. The controls typically
conprise of liquid pressure nmeter, liquid flow neter,
liquid tenperature nmeter and punp on-off sw tch. Wash
unit 3 1 may be nobile as to make it practical for use
f orspyasthad 881§ sddct tortgs semllet than ahepPehing\dfinlenB01.
3 1 my then be part of a vehicle, 32. Vehicle 32 ?EY
be IpHFaReabREds Pasierhly Pamdiened i Wit SAltbppreratiis

Per e ticarny i3'219fr¥§1hhé ebBtrdY pANaS (bt SHdwm) 8K -operator.
Alternatively, wash unit 31 may not be nobile. Spray
he 3Py heahdBdsipesitioned esseintiadiy inrthergeritrg ef thyy opening of
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sy i e S o5 O BB R
Thelid@iaolo $prafMdazl 3B vRABGRAMit!IB Vhek€@shdhiltf 38 comprises of
degrees of freedom Robot arm 34 operates by _a

hy & e ihossrorprisuleatdeyics fog that seevies netralihead 33 the
10274 o MrllsOARiRH 3% dRYiHES pPAbzABOVR) nnifSRY 38%where the

han orce. In an enbodi nent of the present
i nvieorzlemhavé the phoposs off imjenting drpwiash lsndddnte tieepgine.
tel escopic parts. For exanple, a part between two
joints nay be tel escopic. Spray head 33 is sized to be
snekigeta tkamplifies che tiventidn whleat in3pdsitiSpriay vse anh&8

=BS5S o B SA A B
1P Pep A8 are MoWh WakdihE3sdrhe Refdrbhod tngb&aeds Rig.y and Fig.3.
the centre of the opening of o i
Aircraft 40 has a wing 41 on which engine 1 is installed. Vehicle 32
with the wash unit is parked adjacent to the engine. Vehicle 32 is
preferably parked at one side of the engine as not to be standing in
the direct air stream during washing. This is to avoid that any loose
20 objects on the vehicle may accidentally be brought by the air stream
into the engine. Robotic arm 34 holds the spray head with its
manifold 36 in position in the engine inlet. There is no contact
between the aircraft and the manifold or any other parts of the wash
unit. Fig.4b exemplifies the invention when in position for use when
25 washing an engine of a ‘tail engine’ type aircraft. Similar parts are
shown with the same reference numbers as Fig.1 and Fig.3. Vehicle
32 with the wash unit is parked adjacent to the engine. Robotic arm
34 holds the spray head and its manifold 36 in position in the engine
inlet. There is no contact between the aircraft and the manifold or
30 any other parts of the wash unit. The invention is not limited to the

illustrations in Fig.4a and Fig.4b as there are many other aircraft of



inlet 301. When spray head 33 is in its appropriate
position there is no contact between the aircraft and
W b@sapesy head or any other parts of the washP@IJEP2005/052643

device. Wash unit 3 1 deliversathe pressurized wash
liquid to spray head 33 via conduit 35 where conduit
35 conprises of a flex hose or simlar device for that
service. In spray head 33 the liquid is distributed to
a multiple of nozzles via manifold 36 where the
nozzl es have the purpose of injecting the wash liquid
i ntdifferenteategigres whiege e am@nqtionf ise@l.ueﬂb' appkcablonFwrtber,
|n 03|t|o f or i ne, of an
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Fig.3. Aircraft 40 has awng 4 1 on which engine 1 is
i nAlEIPEd. Vehicle 32 with the wash unit is par ked
sadj acent to the engine. Vehicle 32 is preferably

parked at one side of the engine as not to be standing,
i n Kigd showsthaidetsils ehspuiyrheayd 38sBprgy head33 is shpwn in a
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the i nventi on when in position for. use when shi ng a
F
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eni cl e e wa uni t

32 wtht is parked
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li hecorardcted do obatiy amnhim. Bady 50dhchutesvastiical rsensiriphdevice

| nvgg t11isg alsSaIT %&d lf'érr%ct)selgoﬁﬁagt Qgray head 33 and for monitoring

the wash operation. Optical sensing device 55 is directed essentially
towards the engine inlet. Optical sensing device 55 may comprise of a
camera where the camera view can instantaneously be viewed by the

20 operator at the control panel. Alternatively, the optical sensing device
may comprise of a fibre optic device with the same purpose as the
camera. Alternatively, there are other means of recoding the view
form the spray head. Optical sensing device 55 serves the purpose to
deliver a view of the engine inlet to the operator. The camera view is

25 used for helping the operator to align the spray head with the engine
shaft centre by manoceuvring the robotic arm from the operator’s
control panel. Further, the camera view enables the operator to
position the spray head at the appropriate distance upstream of the
engine. Further, the camera view enables the operator monitor the

30 washing process by delivering a view from the engine centre line

during washing. Further, the camera view helps the operator take



illustrations in Fig.4a and Fig.4b as there are many
other aircraft ofdifferent designs where the invention

w0 g008q2mb3 y appl i cable. Further, there may be BOCT/EPRD$/052643
where there is an advantage tgsarrange for the wash
equi pnent to take support by the cow ing or other
parts of the aircraft. Fig.5 shows the details of
spray head 33. Spray head 33 is shown in a perspective
vi ew where the arrow shows the direction of the engine
air flow Simlar parts are showmn with the sane
r efdoisior inuadjasting anyi yash pSpametédrefxdnGthavepr ihaddhef

aunit with.esseptially.rotational synmetry wt i S
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aligned with tﬁe engi ne shaft centre of symmetry.
SpreBseResithaeamgraent ral body 50. Body 50 has a
front end 58 faced towards the engine. Body 50 has a

rear end 59 opposite to front end 58. Rear end 59 is |
cordedy 80 indigdbitdladeendistan@®oargas0ringcdayikssiospneasyring

sengin evice B5 use ' : Lt on ;
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Al ternatively, the optical jsensing device nay c

of eampylichpieflectianitbe aneine PREC Safet auﬁp‘s%%r%&ne]tor flected
c anﬁéﬂﬂﬁ gl@‘ltr &bl W%ﬁé rebﬁgéﬁ PREARARE FBANEhO kransmitter

reco he viewformt spray head. Optical sensing
devand réceiver isghenestinainssly the dane differanoe &gy Bre sigaal
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13 henpaguriagdwidce cauidriee by opmtivad medsugingdevicbstich ay an

fromthe_ operator's . . ,
{gser where the %"ansm1tter emits a laser beam which reflects on the

engine nose bullet and is received by the receiver. Alternatively, there
dre other distance measuring devices that could be used. The
recorded distance is delivered to the operating panel where the

20 operator will use the information when adjusting the appropriate
position of the spray head upstream of the engine. During washing
the measured distance helps the operator control the wash process
by reporting any changes in distances. The distance measure helps
the operator take decision in adjusting any wash parameter if he

25 finds the distance not to be appropriate. The distance measuring
device is a safety improving device as the operator may stop the wash
process if he finds the distance is not safe. The distance measuring
device may include alarms which emit an alarm signal in form of an
acoustic sound or a light flash if the distance is out of range. For

30 example, if the measured distance decreases below a predetermined



control panel. Further, the canera view enables the

operator to position the spray head at the appropriate
waele@sar®ss upst ream of the engi ne. Further, thePCHREP2085/052643

vi ew enabl es the operator nonigor the washi ng process

by delivering a view fromthe engine centre line

during washing. Further, the canera view hel ps the

operat or takedecision in adjusting any wash paramneter

fromthe view that the canmera delivers. Further, the

canmera view is a safety inproving device as the
operauer Imane s dimentiaiitis ginsit sadue san oeaagitisterybyighe

observes i.n the ca a. Q. in Fig.5 include a

di s?%?@gOJn@é%%nﬁg%ﬁng%?%r anneéz}l'suri ng the distance

to the engine. Typically the distance nmeasuring device
conpri ses .,of a transm r 56 and a receiver 57 T,

di SBade S0 esuite A duaeas Broliirateshs fceasing telsinihe
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where the transmtter emts a sound beam which refl ect
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di fémerenion. f or the signal fromthe transmtter to the
receiver. Alternatively, the distance nmeasuring device
coul d be an optical neasuring device such as a | aser
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1%pebdt or control the wash process

Spray head 33 in Fig.5 shows the manifold as a ring shaped tube, i.e.
a torus. Liquid is pumped from the wash unit (not shown) via a hose
(not shown) to manifold 36. Manifold 36 is essentially circular with

20 the circle centre aligned with axis 501. The plane of manifold 36 is
essentially perpendicular to axis 501. Manifold 36 is connected to
body 50. Manifold 36 has multiple nozzles arranged around the
manifold for different wash services. For example, Nozzle 53 serves
the purpose of washing the engine fan. Nozzle 54 serves the purpose

25 of washing the core engine. Nozzle 510 serves the purpose of washing
the nose bullet. Nozzle 511 serves the purpose of washing the
cowling. In addition to nozzles 53, 54, 510 and 511 the manifold may
comprise of other nozzles (not shown) for washing other engine
details. Manifold 36 has at least one nozzle 54. The nozzles may

30 atomize the liquid into a spray of droplets. Alternatively, the nozzles

may deliver the liquid as a non-atomized jet. The objective of using



by reporting any changes in distances. The distance

nmeasure hel ps the operator take decision in adjusting
w@poosazess par aneter if he finds the di stance nPCT/EP200%052643

appropriate. The di stance nmeag@ring device is a safety

i nprovi ng device as the operator may stop the wash

process if he finds the distance is not safe. The

di stance neasuring device may include alarns which

emt an alarmsignal in formof an acoustic sound or a

light flash if the distance is out of range. For
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56, 57. Spray head 33 in Fig.5 shows the manifold as a
ri s 4i8e, Le. a torus. Liquid is punped from
the wash unit (not shown) via a hose (not shown) to

mani fold 36. Manifold 36 is essentially circular with

t heFig.6 shewscan alicmatgrroempodimant of dua spryehendninglar
mank LAk drdQroinf 3 AblheRREREREL HilibelsCadiles 20k Fig 5.

I'S conne
15 ‘'The ring shaped manifold is here replaced by pipes 61 holding the

nozzles in position. Alternatively, the manifold can be made
differently.
Fig 7a, 7b and 8 shows the application of the invention when washing

20 a turbofan engine. Similar parts are shown with the same reference
numbers as previous figures. Fig.7a shows the washing of the fan of
turbofan engine 1 by use of nozzles for washing of the fan. During
washing the fan is forced to rotation by the use of the engine starter
motor. Nozzle 53 is atomizing the wash liquid into spray 71. The

25 nozzles have a spray pattern resulting in a distribution of liquid
limited on one side by streamline 75 and on the other side by
streamline 76. The spray’s distribution at the leading edge of fan
blade 72 is essentially equal to the total blade length limited by tip
point 702 and hub point 701. The spray thus covers the whole blade

30 length. Manifold 51 may comprise of only one nozzle 53 which then
only covers a portion of the engine inlet. Wetting of the whole fan is



body 50. Manifold 36 has nmultiple nozzles arranged

around the manifold for different wash services. For
We@x@sptm®s3 Nozzl e 53 serves the purpose of washPCEP1N5/052643

engi ne fan. Nozzle 54 serves tfe purpose of washing

the core engine. Nozzle 510 serves the purpose of

washi ng the nose bullet. Nozzle 5 11 serves the

pur pose of washing the cowing. In addition to nozzles

53, 54, 510 and 511 the rmanifold may conprise of other

nozzl es (not shown) for washing other engine details.
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1di f betlkeauly of the engine’s starter motor. Alternatively may other

starting device be used such as a separate APU starter. Alternatively,
washing may be conducted without rotating the engine shaft.

Fig.8 shows the use of the camera and the distance measuring

20 device. Similar parts are shown with the same reference numbers as
previous figures. A camera 55 has a viewing angle limited by lines 81.
The camera will provide a view of the engine nose bullet enabling the
operator to move the spray head to the appropriate position for
washing. When the engine is cranked by its starter motor the camera

25 view is used for monitoring the shaft rotation. The camera may then
be attached to a computing device (not shown) with software for
estimating the rotational speed. The rotational speed serves as an
input parameter to the operator when to start liquid pumping. Having
control of the rotational speed is essential for a good wash result.

30 Further, the camera view allows viewing of the liquid distribution

onto the fan as well as the penetration of liquid into the core engine.



Fig 7a, 7b and 8 shows the application of the
i nventi on when washing a turbofan engine. Simlar
w@200542@6% shown with the same reference nunbePGI/AB2005/052643
previous figures. Fig.7a showsothe washing of the fan
of turbofan engine 1 by use of nozzles for washing of
the fan. During washing the fan is forced to rotation
by the use of the engine starter notor. Nozzle 53 is
atom zing the wash liquid into spray 71. The nozzles
have a spray pattern resulting in a distribution of
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at 2iiust Pl tiongi ot O fPimintd B Adu Il b
eq ;t?draiﬁbtbf\sﬁ‘aé 0b dktiel adevd Bizgddjettives. @ dyoid ithaptheitamera
702 and hub pojnt 701. The spr t hus ccfvers t he ol e
bl dgBs fieRgRFAMIBALeE §Yith girb B%AHE‘V the IS BhPyrasely an
nozg LibPi i k&Nt SHRm). The
g sl SUB LTI, S HANsE I ip SELH PR dHehim)
ac otispiricehadabyringelevinesedmnrise of Rtrappmiftey SoLRERE 2

our P A SR S St R BRLRAIS e

of tdflectddabéamn tontcoeiveNSZz TheSignal iatfedrite iangpmputingmit

l'iquid int 73.. Th I .

kRt SN T GHeP R I Ge i GOHAp RN db ey be
1651 deethyith t188A11608s 48 t8lstobitR, eldiem sbslesthy akirngdfthee

78. _The purpose of the spray is toﬁglv r |I,§UId into

cordistangeaito any ebjery beppmessritically; shotitnfle diapre; ¢ ed

by lebsiPblgt Ak ' e
oppacrs SReg e oy e e PR opkRAo L Bt fteds St e

di shesebullehimthe erginerinlasms teepravide informgtien epmegsured

TR g i PREDOchBLL G i boitllrldeR” [0
1N 0zebetabdinanédwittoair worgi livpaidnthey afé.puged fer an mdy stream

54 is oriented as t le the |i pd t trate i
bet §Iag@]ﬂﬂ;¢% grom g ﬁsggnmo ﬁesg% a?raﬁo&‘rcel (91%%: sho%n?.ene rate in

~  Fig.9 shows the universal spray head which will service a large range

L

of differently sized engines. Spray head 90 is shown in a perspective

20 view where the arrow shows the direction of the air flow. Spray head
90 has a central body 91 with similar camera, distance measuring
device and lamp as earlier described in spray head 33 in Fig.5. Spray
head 90 comprise of multiple ring shaped manifolds 92 each with
different diameters. Rings 92 are arranged in symmetry around

25 central axis 501. Rings 92 are all essentially in the same plane where
the planes are essentially perpendicular to axis 501. The rings are
arranged with a gap in between the rings as to allow air flow through
the spray head. Each ring comprises of one or multiple nozzles 93
where the nozzle type, number of nozzles and the nozzles spacing is

30 according to the wash service the ring will do. Nozzles may be used

for washing of the fan, the core engine, the cowling, the bullet nose or



rotation. Fig 7a and Fig.7b describes washing of the

turbofan engine by the use of the engine's starter
worRasn20988 t ernati vel y may ot her starting devi CRCOEP2S&052643

such as a separate APU startepp Alternatively, washing

may be conducted w thout rotating the engi ne shaft.

Fig.8 shows the use of the canera and the distance

nmeasuring device. Simlar parts are shown with the

sanme reference nunbers as previous figures. Acanmera 55

has a viewing angle limted by lines 81. The canera

wi |dimlaowedeice. ki prinofpai,) hléleeimgiem gimgssardoubéd foremasthingeof

pOSTRIT TOnG e CRETR Hed Iy ARRa yader
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nmonitoring the shaft_rotat on. The ¢ ra may

2t teRENRRI LYRP B BoTRSelcGR PLEnERSE. ThEWME WP @ largest
5SOfdidilefed, Qle. ‘%ﬁE ITRE Rdg! RSs 4Bl GBAIessASRE: thE \@iameter of

rotati ona spee serves as an |nput pararret er to the
opdlhatmiet\nwﬂmgméﬂm $m|a11q%ﬁ enginapi thgt thaspray kead Wil

¢ ectitticerhBt RRRR SRR B E e fopaft fRiBfte Roiyice

I i qadnzdrrrémeifal ahtuilhleemmt@ idiet éawling dminleteisvamymg in
etratlo uid i t t he .cor enine.g‘his Vi ew
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102d] Wetud ﬂférpaav& bﬁrﬁd’cﬁr @iarh@fér&@és?lﬂiélﬁi acs afietad ust the
wash paraneters as to better serve his objectives. To
avoi d that the canera lens is contamnated with air
bor | SeBABL. This is
sup ﬁ%ﬁf;&ggn'g?%s é&gllvyg&gl ur c%ﬁ?%(;té ‘%ﬁgm The

di sﬁ@m@:@mm’ ﬂn@m@e@@ ting 2 senpectgdiviagsean Wi to g
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opening the corresponding valve. All other valves would then be

closed.

20 Although spray head 90 is universal in the meaning that it may
service a wide range of aircraft types and engine types it is practical
to have multiple spray heads that are exchangeable. This may be
reasoned by different requirements set by the aircraft’s instructions
or other instructions. Another reason could be a separate spray head

25 for meeting military aircraft requirements. There may be additional
reasons. To accomplish changing of the spray heads the spray head
is mounted on the robotic arm with a coupling enabling an easy

exchange.

30 The invention as here disclosed provides means for reducing the time

for washing as well as reducing labour requirement. Fig.10 shows the



set wwth alarmlevels as to provide, e.g. an acoustic
alarm if the distance to any object becones

wa@eoositzmbd y short. The di stance neasuri ng devi PET/RBR00EI€52643
directed towards other objectgithan the nose bullet in
the engine inlet as to provide informati on on neasured
di stances. To avoid that the neasuring device sensors
are contamnated with air born liquid they are purged
by an air stream supplied froma conpressed air source
(not shown). Fig.9 shows the universal spray head
whi airangéinest foi ergiaclwashingghge isoboth idsertimel opnsivming

engi nes. ay_head 90 is sho i n..a _pe ctiVv '
onorad i BPPYr SRS e BRRRLtd Brds et RERGle Fecfp 20

Spr styowe ad 1l hé sant: fdeicnee motpet agigrbvisusifigures. The
canera, distance_ peasuring, device .and |lanp as earlier
desRFqos8s| deRcE e Rereiagweyld fyRicqlhy reayre pnhpgpe ggerator for
SO Rctitlg TAH {waRhe ATwAsh $7AP8H SiRfHIfe8! WiasIP AgBar bia

with different diameters. Rings 92 are arranged in

sy neandyit 36cienal speay head held bygeboticgm §4. Afuring washing

eSS bliaYor Dort 261 RICREE S CEnkRe pANAN§9 32 Bnirolling
a5 ot 5 oo Bgery

essent | y perpen 0 axi s e rings are
ar r anpedeswicving ghe sbraypbheageamdra imaggsfram tmpmatdroli2. The
air _flowt ugh.the spray.hea Each rin 0 | ses
ot wRetapeRh R ehrBia o9 e FRER iU GRIRY b

1u rrb@hlec@fngwh tes 14|’!ﬁ:hﬂ1@&_eﬁﬁbl |t1|ei6 eg@&ﬁi rxglei coleetat daste
to the wash service the ring will do, _Nozzle \% .
us Bk CRHEEH (?‘htes}foéﬁ%l ’lr’.n’%ntto} 19 &?g?%‘iugﬁel§%mt
COW | Bnay BE RiHibSéd R wHedldHor#hoBBiy. A Buitdble collecting
principal’, the inner rings are used for washi n9 of
smafledee imgdesmibechin the iteraational applicgtion Bed/ BBr
washhgg é(%?éﬁé,%ﬁe?@ﬂ'@%ston@ﬁf $aid lfda@ﬂ)nnﬁé(re%g is
dedicated to washing of a specific engline type or

15 petidiuded heré¢in nf refarnves Thehweastediguidtis pumpedvigeeenduit
? Ihgﬁ]nf% ﬁrg ’ad¢ nk {I)te?v%.g U&I%EC 31 xrn]rﬁereh Te ?elgégeraef‘o%ﬁﬂgeﬁl%teﬂal is

separated from the liquid by an appropriate waste water treatment

process. The treated water will then be used for washing of next
engine or is alternatively dumped into a sewer. While the waste water
20 is being treated the operator may move his vehicle 32 and other

equipment to the next engine for set-up for the next wash.

Although specific embodiments have been shown and described
herein for purposes of illustration and exemplification, it is

25 understood by those of ordinary skill in the art that the specific
embodiments shown and described may be substituted for a wide
variety of alternative and/or equivalent implementations without
departing from the scope of the present invention. This application is
intended to cover any adaptations or variations of the preferred

30 embodiments discussed herein. Consequently, the present invention



the inlet cowing of the smallest engines that the
spray head will service. For exanple, the engi nes of
WO b@spopPsd ar passenger carrying comercial ai rPCTIEB2005/052643
have an inlet cowing dianetepavarying in between 1.5
to 3 neters. The spray head to service those engines
woul d then have an outer dianeter less than 1.5 neter.
For washing of an engine typically only one ring is in
service. This is acconplished by having each ring 92
connected via a conduit to a distributor (not shown
f oris dlefimet\y the whedisgs of the agpenideddilgims botmquivalents
coq%%is% of individual valves for closing each
conddi %" Prior to set-up for washing the operator
woul d activate the ring to be in use by opening the
correspondi ng valve. Al other valves would then be
cl osed. Although spray head 90 is universal in the
smeaning that it may service a wide range of aircraft
types and engine types it is practical to have
mul tiple spray heads that are exchangeable. This may
be reasoned by different requirenments set by the
aircraft's instructions or other instructions. Another
reason could be a separate spray head for neeting
mlitary aircraft requirenents. There may be
addi ti onal reasons. To acconplish changing of the
1epray heads the spray head is nmounted on the robotic
armw th a coupling enabling an easy exchange. The
i nvention as here disclosed provides neans for
reducing the time for washing as well as reducing
| abour requirenent. Fig. 10 shows thearrangenent for
engi ne washing that is both less tinme consum ng and
| ess | abour intensive conpared to prior art. Simlar
parts are shown with the sane reference nunbers as
previous figures. The



process described heir in would typically require only

one operator for conducting the wash. Awash unit 31
waepph2®s3 wash |iquid via conduit 35 to a sprapCTER05/052643

hel d by robotic arm 34. During3washi ng the operator

controls the process fromcontrol panel 113.

Controlling includes view ng the spray head canera

i mage fromnonitor 112. The waste wash liquid

emanating fromthe engine is collected by collecting

device 114 at the rear of the engine. The collected

wasClimisqui d enters a tank (not shown) in unit 116 via

conduit 115. Unit 116 may be equi pped with wheels for

nobility. Asuitable collecting device is described in

the i ntereikishigd sydiphd oatwashiREH Sis AddinORAGHHA (1)

wherein the content of said application hereby is

i ncl uded NP8y reference. The waste liquid is

sounped Vi a pgguiytded& (33; D0) MKiidinyas leddtidnedndzzles (54)

where the released fouling material s separated from

t he |i quiadlapfed ito ipjseobanist ntass inlefatldO) of sgichenpgine
process. l:ﬂ‘f:é%\%ﬁgng%%)%?a%ﬁj t hen be used for
éjf next engi n& or

washi ng I'S alternatively dunped into
a sewer. \Wid washamia$dly I@tatapted heidistritngatsadd fiqaid to

operator may nove .hi.s i cle 32 and ot her equi pnent
to the n&?ﬁgéﬁﬁ%ge‘flff?tg%té@papér t he next wash.
1oé\l t hoyghdsE@cbbﬁﬁpﬁiﬁ@déﬁeequ@ﬂw&a rﬁbmamwﬁbray
escri be erein for purposes of illustration and, .
exonpl 1 f IASHHGeHR tiree EimaREs: SRRy FHULRES PORHIGRiPg of
ski Il i n g spidy HBRke (B8, SOR 4 Wastiig dbBRch HBSHMON in

and described nmay be substituted for a wde variety of
al t er nat ispéd ghepe dimenpiens relative pgid Fegne indets(110] wadout
departin e@aninl [ : 1
Thi s applq“loc a%&o{?}%%ﬁ%gnﬁ%g&?% v%%v@fg’ gr??/ Qigggﬂmeg{i}%%% ().
1%r variations of the preferred
2. The washing system according to claim 1, wherein said
positioning device (34) comprises a robotic arm (34) including
joints enabling a movement of said spray device(33; 90) in

said three dimensions.

20
3. The washing system according to claim 2, wherein said robotic
arm (34) includes at least one telescopic part.
4. The washing system according to claim 1, 2 or 3, further
25 comprising a control panel (113) adapted to enable an

operator to adjust the position said spray device (33; 90) in
three dimensions relative said engine inlet (110) by means of

said positioning device (34).



enbodi nents di scussed herein. Consequently, the

present inventionis defined by the wordi ngs of the
wa@ppenzivas cl ai ns and equi val ents t hereof. C ai MBCT/EP2005/052643

Awashi ng system for washing axgas turbine engine (1)

conprising a spray device (33; 90) including at |east

one nozzles (54) adapted to inject liquid into an

inlet (1 10) of said engine during a washing

operation; a wash unit (31, 35) adapted to distribute

said liquid to said spray device (33; 90); and a

posi t i ®niThg vieshing sy3tem adaptdidgito ahaive 45 svltbrejr sgid spray

devi in th dj [ , thel [ . .

posi ¢ 1 onfryesroga ) BRtay ptes: §3 et ingdeTing
oper at i o[55)Qaidted tb iné@iter hR¥Lhifll HRHREAONS dfghaéﬂ%ﬂe (1).
said engine inlet (1 10) w thout contact between the
spray device (33; 90) and the engine (1). 2. The

was hi ' A ' i dai ;
o 1 O o FAREESHSIAA doofiif T blallils) SIS faid optical
i ncl udi ngensing devicen (35) ig cannecteddntsaddl contbl pangl (113)

device (33:.:90),. i .hre ' j 3. .

hashi no. 8968 Hdarled B AgPE e RS Sl ot 1lll (1101 to am

roboti c apsrdtdd)of isail waehirgg systasi avaendritess (i) c

part. 4. The washing system according to claiml1, 2 or

3, further conprising a control panel (1 13) adapted
10t 0 enapl eLARYAREINA Fistdifl REbHShltBTIRRE 13 608, Selein said

spray devi c_epi}BS; 90) in three gl mensi ons reflative

sai d engpticrhpersipg deyjcenp ShEaRPTEESHEYNSER| t i oni ng

device (34).5. The washing system according to claim

4, wherein said spray

8. The washing system according to claim 5 or 6, wherein said

W

optical sensing device (55) comprises a fibre optic device.
15
9. The washing system according to any one of preceding claims
5-7, wherein said spray device (33; 90) further comprises a
distance measuring device (56, 57) adapted to measure a
distance between said spray device (33; 90) and said engine
20 (1).

10. The washing system according to claim 9, wherein said
distance measuring device (56, 57) is connected to said
control panel (113) and is adapted to deliver an indication of

25 the distance between said spray device (33; 90) and said
engine (1), thereby informing an operator of a present distance
between said spray device (33) and said engine (1) by means of

said monitor (112).

30 11.  The washing system according to claim 9 or 10, wherein

said distance measuring device (56, 57) is ultra sound sensing



device (33; 90) further conprises an optical sensing
devi ce (55) adapted to nonitor a washi ng operation of
waeoosngiose (1). 6. The washi ng system accor di nBCT/BP2005/052643

claimb5, wherein said optical 2sensing device (55) is
connected to said control panel (113) and is adapted

to deliver a view of said engine inlet (1 10) to an
operator of said washing systemat a nonitor (112). 7.
The washi ng system according to claim5 or 6, wherein
said optical sensing device (55) conprises a canera.

8. The wdshicegonystisimgas tezncinmidter (56) adaptedoto @nit a sound

L s

fibre op
any one QfheReRC8AIdNMistAtd® e%ti}namedsdvema siah &l dEradce for

device (33;_ 90) further conprises a

i stance neasur.ing

devi ce ('58id beamafyem said: Fansmitiet (2p) foseit secaigsriod
gaid spray device (33; 90) and said engine (1). 10.

The washi ng system according to claim9, wherein said

di st ant2. neZherwashiteysysters;cosding to deimeped0; wherein

id t [ (1 13). i t [
i cat 1 SRARERBe Pl u R deliBe FOEDN el Bt e
(33; 90) c&?ﬂ:e&ﬁilﬂpﬁ@ﬁig;@ tfa]l’)SmitEmfr(sbyadapmddﬂmgnm laser
operator _of a present dis c et ween sai ra
dovi oe ( ﬁ?nhﬁ-g‘dﬁﬁf’eé\lf‘@‘u (ggr egﬁptﬁf‘ {einreivs;saill hphm,
1070Ni tor  (iedbin 4did didRan@SHY Qi EIEDY 66 Ginblé AdFfdrence for
claim9 or 10, wherein said distance measuring _dev*sgﬁ

(56, 57) seif bremafresy RAidBASPAYHEY (RQ) ORI reFsiyen
transmtter (56) adapted to emt a sound beam and a
receiver (57) adapted to receive said beam

15

20

25

30

13. The washing system according to any one of preceding

claims 8-12, wherein said distance measuring device (56, 57)
further comprises an alarm means adapted to emit an alarm
signal if said measured distance decreases below a

predetermined value.

14. The washing system according to any one of preceding
claims, wherein said spray device (33; 90) further comprises

illumination means (52).

15. The washing system according to any one of preceding
claims, wherein said spray device (33; 90) comprises a
substantially ring-shaped manifold (36) arranged
symmetrically about a body (50; 91), said at one nozzles (54)

being arranged in said manifold (36).

16. The washing system according to any one of preceding

claims 1-13, wherein said spray device (33) comprises at least



wherein said distance is estimated by the tine

difference for said beamfromsaid transmtter (56) to
w@aiod/1z@sei ver (57). 12. The washi ng syst em ackOr/EPI995/052643

to claim9 or 10, wherein saif6di stance neasuring

device (56, 57) is optical neasuring device conprising

a transmtter (56) adapted to emt a | aser beam and a

receiver (57) adapted to receive said beam wherein

said distance is estimated by the tine difference for

said beamfromsaid transmtter (5@ to said receiver

(57). 13onghpépevihiaryasgerd emadeady hgsaid atrigpashengpipe

precedin lLai.ms 8-12. mhetein said distan asuring
v e ( b B plried Wi 1cBS! Gn ARl
adapted to emt an alarmsignal if said nmeasured

di stance decreases ,bel ow a predeterm ned val u

. L1 14
The wabfi ng 1§ STRTHIRESHPLTAGOCE ARG (GLPRpPL ekl 16,
scl ai ms,  WhiRheinssaal hrap dvicey %oﬁ%éise%oé nUibdIess

conprises illum nation neans (52) The washi ng

syst em asubstintipllyoringshanedomapifeldsi(99), each having
wher ei n j r i -' ' .
sUbst ant P igar AmERsEhd Being phafigR sratfeBicarly about a
symret r i Galdyy(9 a)) sdieraihatleastwodigzzlesafS®, @) ame arranged in
nozzl es (54) Dbei nged in said manifold (36). 16.
The vvashigﬁﬁ ﬁ%@&dg@égr ding to any one of preceding
1ocl aims 1- 13, wherein said spray device (33) conprises
at | eastone pipe (61) arranged at a bod 50), saig, at
| east &fe pi%@%f)v%‘é?lﬁéoﬁg?%’h‘@%& %Sttﬁ%gin? Eﬁg‘lneo(ﬂ)a
nozzl e (finprising a washing system in accordance with any one of

preceding claim 1-17.

15 19. A mobile system for serving a gas turbine engine (1)
comprising a vehicle according to claim 18 and a liquid
collecting unit (116) comprising a collecting device (114)
adapted to collect waste wash liquid emanating from said

engine during a washing operation of said engine.

20
20. The mobile system according to claim 19, wherein said
liquid collecting unit (116) is connectable to a tank (116) for
storing said waste wash liquid.
25 21. The mobile system according to claim 19 or 20, wherein

said liquid collecting unit (116) is connectable to said wash

unit (31, 35).

22. The mobile system according to claim 19 or 20, wherein

30 said tank (116) is connectable to a said wash unit (31, 35).



17. The washi ng system according to any one of clains

1-16, wherein said spray device (90) conprises a
wooosae09ss substantially ring-shaped mani f ol dSPCPEP2005/052643

each having different dianetep3s and bei ng arranged

symetrically about a body (91), wherein at |east two

nozzles (53, 54) are arranged in each manifold (92).

18. Anobile vehicle for serving a gas turbine engine

(1) conprising a washing systemin accordance with any

one of preceding claim11-17. 19. Anobile systemfor

servi ng3a géEha mobiilaesyet&;nrwcorjgingcmmlaim@g ar ¥2hwhbkrein

accordin [ a. | i uid ol.lecting unit
(126 conpid sfad UbtdpTeae gt R Fed st i fuh wasn
col l ect whgiie, wastby lanuwmgeaiaatrea@d wamesaadnemmmeo be
during a washi ng operatlon of said engine. 20. The
nobi | e sSEEnNR FSSHiRg oPSratioft-m 19, wherein said
4iquid collecting unit (1 16) is connectable to a tank
(116) for storing said waste wash liquid. 21. The
nobi |l e system according to claim 19 or 20, wherein
said liquid collecting unit (116) is connectable to
said wash unit (31, 35). 22. The nobile system
according to claim19 or 20, wherein said tank (1 16)
is connectable to a said wash unit (31, 35).23. The
nobil e system according to claim2 1 or 22, wherein
said wash unit (31, 35) is adapted to treat said waste
wash liquid, thereby allow ng said treated waste wash
liquid to be used in a washi ng operation.



