
1 AEROENGINE WASHING SYSTEM AND METHOD          The present invention
relates to a system and a method for washing an aeroengine and
particularly, but not 5 exclusively, a mobile washing system.
During the service life of a gas turbine engine and particularly
aeroengines, engine derived contaminants and ingestion of airborne
particles lead to a build up of matter on aerodynamic surfaces such
as fan blades, blades 10 and vanes of compressors and turbines and
airflow duct walls. This undesirable build-up of matter causes a loss
of efficiency of the engine leading to reduced thrust and/or
increased fuel burn resulting in increased environmental pollution
compared to a clean engine. For 15 the engine's operator this loss of
efficiency increases fuel costs and results in shorter intervals
between engine overhauls.       Washing aeroengines to improve engine
performance is well known and usually comprises spraying a liquid
into the 20 engine's intake or directly into core turbomachinery of
the engine, while the engine is being cranked over. A suitable waste
washing liquid collection device is described in detail in
PCT/GB2007/002927. A suitable pressurised and mobile washing rig is
available from A.T. Jupiter 25 (Liverpool) Ltd. The washing liquid
cleans the fan blades and enters the core of the engine where it
washes the core compressors and turbines. The washing effluent
becomes contaminated to an extent and/ therefore the effluent must be
captured and treated prior to it being disposed of or 30 re-used.
Washing effluent is discharged via the engine's bypass and core
exhausts and is captured by the washing liquid collection device
described in PCT/GB2007/002927. Washing liquid is also discharged
through drain holes in the 35 underside of the nacelle surrounding
the engine and an under-engine collection tray is provided.The
nacelle  2 commonly comprises two C-shaped ducts that are hinged from
the top of the engine or pylon and are latched together on the
underside of the engine. During engine washing it has been found that
washing liquid seeps through the nacelle 



5 where the C-shaped ducts meet and also from the nacelle's inlet.
During engine washing and afterwards while the engine has stopped
rotating and is draining, the washing fluid runs forwards and out of
the engine core and egresses the inlet and through the nacelle. This
washing fluid may 10 be contaminated and requires collection.       A
further problem is accommodating various sizes of gas turbine engines
and also the different positions of the engines, which can vary
substantially either from aircraft to aircraft or on one aircraft
having inboard and outboard 15 engines on each wing.       Therefore
it is an object of the present invention to provide a washing
collection system and a method of operating the system that is
capable of collecting all washing fluid issuing from the engine
during and after 20 washing, accommodating many different engine
sizes and heights and is compact enough in its stowed position for
easy transportation.       In accordance with a first aspect of the
present invention a collector for collecting washing fluid issuing 25
from a gas turbine engine during and/or after a washing operation,
the collector comprises, a collection tray and an inlet collector
connected at a first end to the collection tray and is characterised
in that at its second end is connected to an inlet of the engine,
thereby the 30 inlet collector collects washing fluid issuing from
any one or both the inlet and below the engine.       Preferably, the
collection tray comprises a drip tray. Alternatively, the collection
tray comprises a floor of an engine washing cart. 35Preferably, the
inlet collector extends forwardly of the inlet.  3        Preferably,
the inlet collector comprises extendable means capable of extending
the inlet collector between the collection tray and in front of the
inlet to accommodate different engine types, sizes, positions and the
position 



5 of the collection tray.       Preferably, the inlet collector
comprises a flexible sheet material.         Preferably, the inlet
collector comprises a storage roller for storing and deploying the
flexible sheet M material. Alternatively,the inlet collector
comprises a moveable bar mounted to the collection tray.Preferably,
the sheet is anchored at its first end to the collection tray and
extends around the moveable bar. 15Preferably, the moveable bar is
mounted to the collection tray via a slidable arrangement that
extends between the ends of the collection tray.       Preferably,
the extendable means comprises a locking means and/or a tensioning
means. 20Preferably, the inlet collector comprises a guide to ensure
the sheet remains in a concave shape with respect to its upper
surface. Preferably, the guide defines a U-shaped or V-shaped
aperture through which the sheet passes. Alternatively, the inlet
collector comprises a rigid 25 panel. The rigid panel is mounted to
the collection tray preferably via a slidable arrangement that
extends between the ends of the collection tray.       Additionally,
the rigid panel may be held in place by a further support means.
30Preferably, the extendable means is located on the 



drip tray or floor / rear part of an engine washing cart. Preferably,
the inlet collector comprises a hook at its second end to connect to
the inlet.           Preferably, the hook is configured so that the
sheet 35 or rigid panel forms a concave or dished upper surface.  4
Preferably, the hook comprises a frame having at least two generally
C-shaped members.       Alternatively, the hook comprises a frame
having three generally C-shaped members; the central C-shaped member
5 subtends a greater arc than the outer two members and causes the
sheet to form a concave or dished upper surface.       Preferably,
the hook comprises grips means to enhance friction with the inlet.
Preferably, the hook comprises a biased arm which 10 contacts the
inlet and is capable of accommodating a wide range of inlet sizes.
Usefully, a washing cart comprising a collector as described above.
In another aspect of the present invention, a method 15 of washing a
gas turbine engine with a collector as described above comprising the
step of connecting the inlet collector to the inlet.       In yet
another aspect of the present invention, a collector for collecting
washing fluid issuing from a gas 20 turbine engine during and/or
after a washing operation, the collector comprises, a collection tray
and an inlet collector connected at a first end to the collection
tray and is characterised in that its second end is extendable and in
operation extends in front of an inlet of the 25 engine, thereby the
inlet collector collects washing fluid issuing from an inlet of the
engine. 



The present invention will be more fully described by way of example
with reference to the accompanying drawings in which: 30Figure 1 is a
schematic section of a ducted fan gas turbine engine and a mobile
engine washing cart comprising a washing liquid collection device in
accordance of the present invention;         Figures 2-7B show
various views of a first embodiment 35 of the washing liquid
collection device in accordance of the present invention;  5
Figures 8-9 show plan and side views of a second embodiment of the
washing liquid collection device in accordance of the present
invention.         Figures 10-11 show plan and side views of a third
5 embodiment of the washing liquid collection device in accordance of
the present invention.       Referring to Figure 1, a ducted fan gas
turbine engine generally indicated at 10 is suspended via a pylon 6
from a wing 7 of an aircraft. The engine 10 comprises, in axial 10
flow series, an air intake 12, a propulsive fan 13, a core engine 9
comprising an intermediate pressure (IP) compressor 14,a
high-pressure(HP)compressor 15, combustion equipment 16, a HP turbine
17, and IP turbine 18, a low-pressure (LP) turbine 19 and a core
exhaust 15 nozzle 20. A nacelle 21 generally surrounds the engine 10
and defines the intake 12, a bypass duct 22 and an exhaust nozzle 23.
The nacelle 21 comprises two generally C-shaped ducts 24 that are
hinged from the top of the engine 10 or the pylon 6 and are latched
together at the underside of 20 the engine. 



The gas turbine engine 10 works in the conventional manner so that
air entering the intake 12 is accelerated by the fan 13 to produce
two air flows: a first airflow A into the IF compressor 14 and a
second airflow B which passes 25 through a bypass duct 22 to provide
propulsive thrust. The IP compressor 14 compresses the airflow A
directed into it before delivering that air to the HP compressor 15
where further compression takes place. The compressed air exhausted
from the HP compressor 15 30 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture combusted.
The resultant hot combustion products then expand through, and
thereby drive the HP, IP and LP turbines 17, 18, 19, via suitable
interconnecting shafts, before being exhausted through the 35 nozzle
20 to provide additional propulsive thrust. The HP, IP and LP
turbines 17, 18, 19 respectively drive the HP and  6 IP compressors
15, 14 and the fan 13 by suitable interconnecting shafts.       When
this engine 10 is washed it may be either non-rotating, cranked via a
gearbox (not shown) or at idle 5 speed i.e. self powering. Cranking
the engine 10 is particularly beneficial when the core engine 9 is
washed as the cleaning fluid is forced through the engine's many rows
of blades and vanes in the compressors and turbines thereby aiding
cleaning. 



During engine washing waste fluids emerge from a) drainage holes (not
shown) in underside of the nacelle 21 as streams or droplets 40, b)
the engine's inlet as streams or droplets 41, c) the nozzles 20, 23
shown by streams or droplets 42 and d) the nozzles 20, 23 as droplets
43 15 carried in the efflux particularly when the engine is being
cranked over or is at idle. As the effluent may contain contaminants
that might be harmful to the environment this waste fluid is required
to be collected and treated. For this purpose a mobile waste fluid
collection cart 50 is 20 provided generally in accordance with the
cart as disclosed in International patent application
PCT/GB2007/002927 to the present applicant, and which the teachings
of are incorporated herein. Furthermore, during engine washing it has
been found 25 that washing liquid also seeps through the nacelle 21
where the C-shaped ducts 24 meet and also from the nacelle's inlet
12. During an engine washing operation and afterwards while the
engine has stopped rotating and is draining, the washing fluid runs
forward and out of the 30 engine core (arrow 41) and can egress the
inlet 12 and passes through the nacelle as streams or droplets 40.
This washing fluid may be contaminated by core engine contaminates
and/or contaminates present on in the bypass duct 22 and therefore
requires collection. 35The cart 50 also comprises a washing system 68
comprising a fluid reservoir, a storage tank, a power  7 generator, a
filtration device and a heating / jet wash system connected to the
nozzle 32. The heating / jet wash system includes a pump for
pressurising washing fluid to the nozzle 32. A further pump is
provided on the cart 50 5 to transfer waste fluid from the sump 66 to
the filtration device or the storage tank. Washing fluid is directed
at the fan blades 13 and is then sucked into the core engine 9 to
clean the compressors 14, 15 and turbines 17, 18, 19. However, for
some engines it is preferable to hand clean 10 the fan blades 13 and
therefore a rigid hose 34 may be used to inject washing fluid
directly into the core engine 9. The rigid hose 34 comprises a hook
which conveniently secures the hose 34 to the inlet or splitter
fairing of the core engine; the hose 34 being inserted forwardly
along the 15 bypass duct from the exhaust nozzle 23.       The mobile
waste fluid collection cart 50 is similar to that described in
PCT/GB2007/002927 and comprises a wheeled chassis or platform 52
having at a front end 50F a towing attachment 54 and rearwardly a
washing liquid 



20 collector 56. The washing liquid collector 56 comprises an
under-engine drip tray 58, a floor 53 of the cart 50 and a sump 66.
In accordance with the present invention, the collector 56 also
comprises an inlet collector 70 that extends from a first end 72 that
is connected to the drip 25 tray 58 and a second end 74 that is
connected to the inlet 12 of the engine 10.       Alternatively, the
under-engine drip tray 58 may be omitted and so the collector 56
comprises only the inlet collector 70 that now extends from its first
end 72 that is 30 connected to the rear of the cart 50R / floor 53.
The second end 74 remains connected to the inlet 12 of the engine 10.
Figures 2-7 show a first embodiment of the inlet collector 70 in more
detail. The inlet collector 70 35 extends from the drip tray 58 (or
the rear of the cart 50R or floor 53) and is connected to the inlet
12 of the engine  8  10 prior to, during and preferably for a time
after a washing cycle. The inlet collector 70 comprises a resilient,
impermeable sheet 76 and a frame 78. The frame 78 is hooked such that
it is complimentary to the shape of 5 the inlet 12 and is in contact
with the surface 30 of the inlet 12. The impermeable sheet 76 is
wrapped around the opposite side or outside of the frame 78 to the
inlet's surface so that there is a gap between the inlet's surface
and the sheet 76 to allow washing liquid to flow out of the 10 inlet
and onto the sheet 76.       The frame 76 preferably comprises three
generally C-shaped members 80, joined together by further members 82.
Preferably the members 80, 82 are fabricated from tubular metal
although any reasonably rigid lightweight materials 15 can be used.
As can be seen in Figures 3 and 4, the central C-shaped member 80C
subtends a greater arc than the outer two members 80 and causes the
sheet 76 to form a concave or dished upper surface 84. Furthermore,
the central C-shaped member 80 holds the sheet 76 away from the 20
surface 30 of the inlet 12 at its bottom dead-centre where the
washing liquid 41 is most likely to flow.       The inlet collector
70 comprises a storage roller 90 and a guide 92 which are
conveniently located on the drip tray 58 or the rear of the cart 50R
/ floor 53. Therefore 



25 the sheet 76 may be stowed on the storage roller 90 for
transportation, may be deployed for engine washing to varying lengths
depending on positioning of the drip tray 58 and/or cart 50 and may
easily accommodate the many different engine sizes and positions on
various types of 30 aircraft. The storage roller 90 is provided with
a tensioning means and a locking mechanism (such devices are well
known in the art) so that the sheet 76 is sufficiently taught to
ensure it remains concave and retains a sufficient angle to drain the
washing fluid towards the 35 drip tray 58.  9      The guide 92 is
provided aft of the storage roller 90 and defines, in one form, a
U-shaped or V-shaped aperture 94 through which the sheet 76 is fed.
The shape of the aperture 94 further helps to ensure the sheet 76
remains in 5 a concave shape with respect to its upper surface 84. In
its simplest form, shown in Figure 5A, the guide 92 is an aperture
through which the sheet 76 slides, however, in Figure 5B, the guide
92 comprises pairs of rollers 96 mounted in a housing. The rollers 96
may comprise the 10 tensioning means and locking mechanism to tighten
the sheet 76.       In Figure 6 details of the frame 78 can be seen
more clearly. The outer C-shaped members 80 engage the surface 30 of
the inlet 12 and are provided with rubber grips 98 to 15 protect the
inlet surface 30 and to enhance the contact friction to better hold
the frame 78 in position. It should be appreciated that the rubber
grips 88 may be replaced by other grip enhancing means to assist
retention of the frame 78 in the inlet 12. Although the C-shaped 20
members 80, 80C may be sized to fit snugly to the shape of the inlet
of one particular engine type, it is most convenient to be able to
accommodate a wide range of inlet sizes for different engine types.
For this purpose the outer C-shaped members 80 comprise a biased arm
98 which 25 contacts an outer surface 32 of the inlet 12. The arm 98
is preferably rigid and biased by a resilient device 100, which in
this case is rubber. Other biasing devices may be used to provide the
arm 100 with a biasing force such as a spring. Alternatively, the arm
98 may be self-sprung and 30 made from a resilient material and
further the frame itself may be a flexible resilient material such
that it is openable and provides a clamping force around the inlet
12. Other attachment means are also envisaged to be within the scope
of the invention and one such means is a screw 35 threaded clamp.  



10       Alternatively, the biased arm 98 could be arranged to
contact the radially inner surface 30 of the inlet 12.       It
should be appreciated that the frame 78 could comprise a single, a
pair or more than three members 80. 5  Referring to Figure 7A, the
rubber grips 98 that protect the inlet surface 30 and enhance the
contact friction to improve grip, may be mounted on a ball joint 86.
The ball joint 86 is capable of presenting the rubber grips 98
generally normal to the surface 30, thereby 10 accommodating the
different surface angles of a wide range of engine types. As an
alternative to the ball joint 86, a simple resilient hemisphere 87,
as shown in Figure 7B, or a half-cylinder would suffice. Neoprene(r)
is an ideal material for contacting the surface 30, although other
high-grip 15 materials are equally applicable.       Figures 8 and 9
show side and plan views of the washing liquid collection device 56
comprising a second embodiment of the inlet collector 70 in
accordance of the present invention. This second embodiment of the
inlet 20 collector 70 comprises a similar flexible, impermeable sheet
76 that is anchored at its first end 72 to the drip tray 58 and
extends around a moveable bar 102 that is mounted to the drip tray
58. The sheet 76 continues through the guide 92 to the frame 78 for
connection with 25 the inlet 12 of the engine as described earlier.
The moveable bar 102 is mounted to the drip tray 58 via a slide rail
arrangement 104 that extends between the ends of the drip tray 58.
The rail arrangement 104 is well known in the art and simply
comprises a track to capture 30 wheels 106 of the roller 102 so that
it is adjustable along the length of the drip tray 58. The moveable
bar 102 may conveniently comprise a roller to aid the sheet 76
passing around it. The inlet collector 70 comprises a locking means
to locate the moveable bar 102 once the frame 78 has 35 been
connected to the inlet 12. The moveable bar 102 may be moved to
tension the sheet 76 and then locked in place.  11 



This second configuration of inlet collector 70 may be mounted
directly to the cart 50 and here the drip tray 58 is omitted. It will
be apparent to the skilled reader that the 5 flexible sheet 76 is
narrower than the collector tray so that waste liquid flows off the
sides of the sheet 76 and onto the collection tray.       A third
embodiment of the inlet collector 70 is shown in Figures 10 and 11.
Here the inlet collector 70 10 comprises a rigid panel 110 that is
extendable under the engine between the drip tray 58 and the inlet
12. Preferably, the rigid panel 110 is extendable in front of the
inlet 12 to catch drips or a stream of washing fluid 41 that egresses
the inlet 12 during and/or after a washing 15 operation. The rigid
panel 110 is mounted to the drip tray 58 via a rail arrangement 104
that extends between the ends (front and rear) of the drip tray 58.
The rail arrangement 104 is well known in the art and simply
comprises a track to capture wheels or a slide 106 so that the
extension of 20 the rigid panel 110 is adjustable. The inlet
collector 70 comprises a locking means to locate the wheels 106 once
the frame 78 has been connected to the inlet 12.       The rigid
panel 110 is attached to the inlet 12 in similar fashion as described
above and may include further 25 support means. Preferably the
further support means is a pair of struts 112, one each lateral side
of the rigid panel 110. Each strut 112 defines a series of holes 114
that can engage any of the series of pins 116 on the rigid frame 110.
The holes 114 in combination with the pins 116 30 enable a wide range
of positions for the rigid panel 110 to take up. Other further
support means may easily be provided instead of the struts 114 such
as a hydraulic or pneumatic piston. Conveniently, the rigid panel 110
may be a 35 complimentary shape and size to lay compact against the
drip tray 58 or floor of the cart 53.  12        Referring again to
Figure 11, an extendable leg 120 is preferably provided to allow for
adjustment of the height of the drip tray 58 to ensure collected
washing liquid flows towards the sump 66 (Figure 1). 



5Figure 12 shows another alternative embodiment of the present
invention.The inlet collector 70 comprises a clamping arrangement 130
at its second end 74 to connect to the inlet 12 of the engine. The
clamping arrangement 130 comprises a frame having a fixed part 132
and a rotatable 10 part 134 mounted to the fixed part 132. At one end
of the fixed part 132 are two feet 136, which locate on the radially
inner surface of the inlet 12, and at the other end an end frame 138
that attaches to the flexible sheet 76. The end frame 138 is arcuate
so that the sheet 76, or 15 indeed a rigid panel, forms a concave or
dished upper surface for collecting washing liquid issuing from the
engine and as previously discussed. The rotatable part 134 is
attached to the fixed part via a pin or similar and also via
extendable devices 140. The rotatable part 134 further 20 comprises
two suckers 142, mounted on universal joints, which locate on the
radially outer surface of the inlet 12. Once fitted to the inlet the
extendable devices 140 are extended to increase the clamping force
about the inlet. It should be appreciated that the clamping
arrangement may 25 comprise a single foot 136 or a single sucker 142
or may even include a plurality of feet or suckers.  13 Claims 1. A
collector (56) for collecting washing fluid issuing (40, 41) from a
gas turbine engine (10) during and/or after 5 a washing operation,
the collector (56) comprises, a collection tray (58, 53) and an inlet
collector (70) connected at a first end (72) to the collection tray
(58, 53) and is characterised in that its second end (74) is
connected to an inlet (12) of the engine (10), thereby the 10 inlet
collector (70) collects washing fluid (40, 41) issuing from any one
or both the inlet (21) and below the engine (10). 



2. A collector (56) as claimed in claim 1 wherein the collection tray
(58, 53) comprises a drip tray (58). 15 3. A collector (56) as
claimed in any one of claims 1-2 wherein the collection tray (58, 53)
comprises a floor (53) of an engine washing cart (50).    4. A
collector (56) as claimed in any one of claims 1-3 wherein the inlet
collector (70) extends forwardly of the 20 inlet (12).  5. A
collector (56) as claimed in any one of claims 1-4 wherein the inlet
collector (70) comprises extendable means (90, 104) capable of
extending the inlet collector (70) between the collection tray (58,
53) and in front of the 25 inlet (12) to accommodate different engine
types, sizes, positions and the position of the collection tray (58,
53).  6. A collector (56) as claimed in any one of claims 1-5 wherein
the inlet collector (70) comprises a flexible sheet material (76). 30
7. A collector (56) as claimed in claim 6 wherein the inlet collector
(70) comprises a storage roller (90) for storing and deploying the
flexible sheet material (76).   8. A collector (56) as claimed in any
one of claims 1-5 wherein the inlet collector (70) comprises a
moveable bar 35 (102) mounted to the collection tray (58, 53).  14 9.
A collector (56) as claimed in claim 8 wherein the sheet (76) is
anchored at its first end (72) to the collection tray (58, 53) and
extends around the moveable bar (102). 10. A collector (56) as
claimed in claim 9 wherein the 5 moveable bar (102) is mounted to the
collection tray (58, 53) via a slidable arrangement (104) that
extends between the ends of the collection tray (58, 53).   11. A
collector (56) as claimed in claim 5 and any claim dependent thereon,
wherein the extendable means (90, 104) 10 comprises a locking means.
12. A collector (56) as claimed in claim 5 and any claim dependent
thereon, wherein the extendable means (90, 104) comprises a
tensioning means. 



13. A collector (56) as claimed in claim 6 and any claim 15 dependent
thereon, wherein the inlet collector (70) comprises a guide (92) to
ensure the sheet (76) remains in a concave shape with respect to its
upper surface (84).    14. A collector (56) as claimed in claim 13
wherein the guide (92) defines a U-shaped or V-shaped aperture (94)
20 through which the sheet (76) passes.  15. A collector (56) as
claimed in any one of claims 1-5 wherein the inlet collector (70)
comprises a rigid panel (110). 16. A collector (56) as claimed in
claim 15 wherein the 25 rigid panel (110) is mounted to the
collection tray (58, 53) via a slidable arrangement (104) that
extends between the ends of the collection tray (58, 53).  17. A
collector (56) as claimed in claim 5 and any claim dependent thereon,
wherein the extendable means (90, 104) 30 is located on the drip tray
(58) or floor (53) / rear part (50) of an engine washing cart (50R).
18. A collector (56) as claimed in any one of claims 1-17 wherein the
inlet collector (70) comprises a hook (78) at its second end (74) to
connect to the inlet (12).  15  19. A collector (56) as claimed in
claim 18 wherein the hook (78) is configured so that the sheet (76)
or rigid panel (110) forms a concave or dished upper surface (84).
20. A collector (56) as claimed in any one of claims 18-19 5 wherein
the hook (78) comprises a frame (76) having at least two generally
C-shaped members (80).  21. A collector (56) as claimed in any one of
claims 18-19 wherein the hook (78) comprises a frame (76) having
three generally C-shaped members (80), the central C-shaped 



10 member (80C) subtends a greater arc than the outer two members
(80) and causes the sheet (76) to form a concave or dished upper
surface (84).   22. A collector (56) as claimed in any one of claims
18-21 wherein the hook (78) comprises grips means (88) to enhance 15
friction with the inlet (12).  23. A collector (56) as claimed in any
one of claims 18-22 wherein the hook (78) comprises a biased arm (98)
which contacts the inlet (12) and is capable of accommodating a wide
range of inlet (12) sizes. 20 24. A washing cart (50) comprising a
collector (56) as claimed in any one of claims 1-23. 25. A collector
(56) for collecting washing fluid issuing (40, 41) from a gas turbine
engine (10) during and/or after a washing operation, the collector
(56) comprises, a 25 collection tray (58, 53) and an inlet collector
(70) connected at a first end (72) to the collection tray (58, 53)
and is characterised in that its second end (74) is extendable and in
operation extends in front of an inlet (12) of the engine (10),
thereby the inlet collector (70) 30 collects washing fluid (40, 41)
issuing from an inlet (21) of the engine (10).  26. A method of
washing a gas turbine engine with a collector (56) as claimed in any
one of claims 1-23, the method comprising the step of connecting the
inlet 35 collector (70) to the inlet (12). 


