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REAR MOUNTED WASH MANIFOLD RETENTION SYSTEM 

BACKGROUND 

Through use, gas turbine engines become subject to buildup of contaminants on 

5 engine components. These contaminants can affect engine components and overall 

performance of the engine. In order to improve efficiency, engine compressors and 

turbine sections are routinely cleaned. 

Conventional engine washing can be done using an inlet mounted manifold for 

spraying wash fluid into the engine. The engine can be cranked, allowing the fluid to 

10 flow through the core engine flowpath, removing contaminants. 

SUMMARY 

A retention system includes a structure clamp to connect the retention system to 

another structure; and a manifold clamp connected to the structure clamp, the manifold 

clamp including a trough to receive a pipe, a plurality of tube clamps with split cylinders 

15 extending through the trough, a collar to clamp around the pipe, and a spring to bias the 

collar from the trough. 

A method of retaining a rear mounted manifold with a wash delivery pipe with a 

retention system includes connecting a collar and spring around the wash delivery pipe; 

placing the wash delivery pipe in a trough in a manifold clamp so that the spring biases 

20 the wash delivery pipe away from the manifold clamp; securing a plurality of tube clamps 

with split cylinders around the wash delivery pipe to secure the wash delivery pipe in the 

trough; and securing a structure clamp that is connected to the manifold clamp to another 

structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1A shows a perspective view of a rear mounted engine wash manifold 

connected to an engine with part of the engine cut-away for viewing purposes. 

FIG. IB shows a perspective view of the engine wash manifold of FIG. 1 A. 

FIG. 1C shows a close-up view of a portion of the engine wash manifold of FIG. 

1A 

30 FIG. 2A shows a second embodiment of a rear mounted engine wash manifold 

connected to an engine with part of the engine cut-away for viewing purposes. 

FIG. 2B shows a close up view of a portion of the manifold and engine of FIG. 

2A. 

FIG. 2C shows a perspective view of the manifold of FIG. 2A. 
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FIG. 2D shows a close up portion of the manifold of FIG. 2D. 

FIG. 3 shows the rear mounted engine wash manifold of FIG. 2A used in 

combination with a front mounted manifold. 

FIG. 4A shows a cross-sectional top view of an engine with a wash system 

5 including two rear mounted engine wash manifolds. 

FIG. 4B shows a perspective view of the two wash manifolds of FIG. 4A 

connected by a hose. 

FIG. 4C shows the two rear mounted engine wash manifolds of FIG. 4A mounted 

to an engine in combination with a front mounted manifold, with part of the engine cut-

10 away for viewing purposes. 

FIG. 5A shows a perspective view of a retention system for a rear mounted wash 

manifold. 

FIG. 5B shows an exploded view of the retention system of FIG. 4A. 

DETAILED DESCRIPTION 

15 FIG. 1A shows a perspective view of a rear mounted engine wash manifold 10 

connected to an engine 12 with part of the engine cut-away for viewing purposes. FIG. 

IB shows a perspective view of engine wash manifold 10, and FIG. 1C shows a close-up 

view of a portion of the engine wash manifold 10. Portion of engine 12 shown includes 

case 13, bypass duct 14 with fan exit guide vanes 16, core inlet splitter 18, stators 20 and 

20 engine core 22 with core inlet 23. Manifold 10 includes retention system 24, wash 

delivery segment 26 with first end 28, second end 30 with inlet 31, connection 32 (with 

rings 33) and nozzles 34, 36, 38. 

Wash delivery segment 26 of manifold is designed and shaped to at least partially 

follow curvature of the engine, specifically the inside curvature of case 13 which forms 

25 bypass duct 14. Second end 30 of manifold 10 includes inlet 31 to receive wash fluid. 

First end 28 of manifold is shaped to interface with core inlet splitter 18 and additionally 

includes nozzles 34, 36, 38. Nozzles 34, 36, 38 can atomize the wash fluid, and can be 

specifically angled, shaped and/or designed to bypass stators 20 and penetrate core 22 

with spray consisting of desired properties based on engine, environment and other 

30 factors. Wash fluid may be deionized, heated, atomized, sized, directed and/or 

pressurized to be delivered at a specific flow rate and velocity to ensure effective cleaning 

and engine core penetration. Wash delivery segment 26 is a typically a pipe, covered 

with a coating to ensure it does not scratch and/or damage engine 12 components. Wash 

delivery segment 26 pipe can be made of stainless steel or other materials depending on 
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system requirements. This coating can be a rubber coating, a plastic coating or other 

types of coating depending on system requirements. Second end 30 of manifold 10 also 

includes retention feature 24 (which will be discussed in detail in FIGS. 4A-4B) and inlet 

31. Inlet 31 can be a quick coupling fitting for connection to a high forward hose from a 

5 wash unit (not shown). 

In the embodiment shown, manifold 10 is formed of two portions, with connection 

32 connecting the portions. This can be a quick-fit connection and can allow for easy 

disassembly, transporting of manifold 10 and/or storage. Connection 32 includes rubber 

rings or other protective material to ensure connection 32 components do no scratch 

10 and/or damage engine 10, as connection 32 components are typically metal. 

Manifold 10 connects to engine 12 by entering bypass duct 14. First end 28 

interfaces with core inlet splitter 18, positioning nozzles 34, 36, 38 to spray into engine 

core 22. As can be seen in FIG. 1C, nozzles 34, 36 and 38 are each angled and shaped 

differently to provide different cleaning capabilities to engine core. For example, nozzles 

15 34, 36, 38 may be pointed toward different parts of engine core, dispense fluid at different 

rates and/or temperature, and/or may be completely different nozzle types. Retention 

system 24 connects to case 13 around bypass duct 14, securing manifold 10 with respect 

to engine 12. 

Manifold 10 allows for rear mounted washing of engine 13 core 22 by shaping 

20 manifold 10 to interface with core inlet splitter 18 and bypass duct 14. This provides 

wash fluid directly to engine core inlet 23 by accessing core inlet 23 through bypass duct 

13. Retention system 24 and the interface of manifold 10 first end 28 with core inlet 

splitter 18 ensure manifold 10 is secure during washing so that nozzles 34, 36, 38 can 

deliver fluid into core 22 as intended. Providing atomized wash fluid directly to core inlet 

25 23 can ensure greater droplet penetration through compressor and turbine of engine 12 

compared to conventional methods. Improved penetration of engine 12 core 22 can 

increase removal of contaminants, thus increasing engine 12 performance by decreasing 

engine temperatures, reducing fuel consumption, restoring engine power and improving 

overall engine 12 efficiency. 

30 FIG. 2A shows a second embodiment of a rear mounted engine wash manifold 40 

connected to engine 12 with parts of the engine cut-away for viewing purposes. FIG. 2B 

shows a close up view of a portion of manifold 40 and engine 12 showing airflow F and 

wash fluid droplet flow path D. FIG. 2C shows a perspective view of the manifold 40, 

and FIG. 2D shows a close up view of first end 28 of manifold 40. 
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Similar parts are labeled with the same numbers as those in FIGS. 1A-1C. 

Portion of engine 12 shown includes case 13, bypass duct 14 with fan exit guide vanes 16, 

core inlet splitter 18, stators 20 and engine core 22 with core inlet 23, fan 42 with hub 46 

and blades 44 (each blade 44 with forward side 48 and aft side 50). Manifold 40 includes 

5 retention system 24, wash delivery segment 26 with first end 28, second end 30 with inlet 

31, connection 32 (with rings 33), core nozzles 34, 36, 38, fan nozzles 52, 54 and 

alignment bar 39. Also shown are arrows indicating engine airflow F and wash fluid 

droplet flowpath D. 

Manifold 40 connects to case 13 which surrounds bypass duct 14 and to core inlet 

10 splitter 18 in the same way as described above in relation to FIGS. 1A-1C. Manifold 40 

additionally has fan nozzles 52 and 54, which direct wash fluid at aft side 50 of fan blades 

44 and alignment bar 39 which interfaces with fan exit guide vanes 16. While manifold 

40 shows two fan nozzles 52, 54, a different number of fan nozzles may be used in other 

embodiments. One or more fan nozzles 52, 54 can be oriented to wash fan blade 44 from 

15 root to tip and can be angled to ensure all parts of the complex blade 44 surface geometry 

is contacted by wash fluid. 

Alignment bar 39 can be connected to wash delivery segment 26 with thumb 

screws so that it is adjustable relative to wash delivery segment 26. Alignment bar 39 

interfaces with fan exit guide vanes 16 to restrict forward extension of wash delivery 

20 segment 26, preventing wash delivery segment 26 from hitting (and possibly damaging) 

fan blades during installation. Alignment bar 39 additionally helps to secures wash 

delivery segment 26 relative to engine 12 for washing operations. 

In some systems, engine can be cranked during washing creating airflow F shown 

in FIG. 2B. Wash fluid can be sprayed at such a flow rate and droplet size that it flows 

25 just beyond forward side 48 of fan blades and then is pulled back into engine by airflow 

caused by fan 42 rotation, causing the wash fluid to impact forward side 48 of blades 44 

and then proceed to flow through engine core 22. The spray forward and/or droplet size 

of wash fluid through nozzles 52, 54 can be set to make wash fluid able to overcome fan 

air velocity to reach a leading edge of fan 42. The water droplets sprayed from nozzles 

30 52, 54 may or may not extend beyond engine inlet 12, as shown in the example flow 

paths D of FIG. 2B. 

Appropriate droplet size, pressure and other parameters used for dispensing wash 

fluid through nozzles 34, 36, 38, 52, 54 can vary depending on engine type, engine and/or 

environmental conditions and other factors. For example, nozzles 34, 34, 38 may most 
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effectively clean core 22 with an atomized, high pressure, small droplet spray. For 

example, nozzles 34, 36, 38 could spray with a pressure of 13-275 bar (200-4000 psi), a 

droplet size of 50-250 jim, and a volumetric flow rate of 0.5-60 L/min. (1-16 GPM) 

through each nozzle. In other embodiments, nozzles 34, 36, 38 could have a pressure of 

5 50-80 bar (735-1175 psi) and a droplet size of 120-250 jim. Nozzles 52, 54 may provide 

an atomized, high pressure spray and/or a low pressure non-atomized spray. For 

example, nozzles 52, 54 may provide wash fluid at a pressure of 4-275 bar (60-4000 psi), 

droplet size of 50-2000 jim and/or a volumetric flow rate of 0.5-60 L/min (0.1-16 GPM) 

through each nozzle 52, 54. 

10 By entering through bypass duct 14 and interfacing with core inlet splitter 18, 

manifold 40 allows for rear washing of fan 42, including direct washing of aft side 50. 

Past systems for washing aft side 50 of fan 42 included manually wiping down aft side 50 

of fan blades 44 with a cloth. This is a time consuming process, as the blades 44 must be 

manually wiped down one by one. Manifold 40 allows for effective and efficient 

15 simultaneous washing of both engine core 22 (with nozzles 34, 36, 38) and aft side 50 of 

fan blades 44 (with nozzles 52, 54). Alignment bar 39 prevents damage from wash 

delivery segment going too far forward and hitting and possibly damaging fan 42 blades 

44 during installation. 

FIG. 3 shows the washing system 55, including rear mounted engine wash 

20 manifold 40 used in combination with a front mounted manifold 56. Engine 12 includes 

case 13, bypass duct 14 with fan exit guide vanes 16, core inlet splitter 18, stators 20, core 

inlet 23, fan 42 with hub 46 and blades 44 (each blade 44 with forward side 48 and aft 

side 50) and nacelle 58. Manifold 40 includes retention system 24, wash delivery segment 

26 with first end 28, second end 30 with inlet 31, core nozzles 34, 36, 38 (not visible) and 

25 fan nozzles 52, 54 (not visible). Manifold 56 includes retention structure 60 and nozzles 

62, 63. 

Manifold 56 connects to nacelle 58 through retention structure 60 to position 

nozzles 62, 63 to spray into engine 12 and at forward side 48 of fan blades 44. Manifold 

56 can be connected to the same source of washing fluid as manifold 40, or can be 

30 connected to different sources. Manifold 56 is shown for example purposes only, and 

other inlet manifolds which spray into engine could be used in washing system 55. 

By using both rear mounted manifold 40 and front mounted manifold 56, washing 

system 55 provides an efficient and effective wash to forward side 48 and aft side 50 of 

fan blades 44 and to engine core 22. Manifold 40 is positioned so that nozzles 52, 54 
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wash aft side 50 of blades 44 and nozzles 34, 36, 38 direct wash fluid straight into core 

22. Manifold 56 uses nozzle 63 to spray forward side 48 of blade 44. Wash manifold 56 

uses nozzles 62 to direct wash fluid through fan blades 44 and into core 22, though 

nozzles 62 can in some embodiments spray fan blades 44 as well. Wash fluid from 

5 manifold 56 is then pulled into engine with airflow (due to engine cranking) to wash 

engine 12 core 22 and fan 42. 

FIG. 4A shows a cross-sectional top view of engine 12 with a wash system 

including two rear mounted engine wash manifolds 40, FIG. 4B shows a perspective view 

of wash manifolds 40 connected by hose 61, and FIG. 4C shows rear mounted engine 

10 wash manifolds 40 mounted to engine 12 in combination with front mounted manifold 56, 

with part of the engine cut-away for viewing purposes. 

FIGS. 4A-4C include engine 12 (with case 13, bypass duct 14 with fan exit guide 

vanes 16, core inlet splitter 18, stators 20 and engine core 22 with core inlet 23, fan 42 

with hub 46 and blades 44 with forward side 48 and aft side 50), rear mounted manifolds 

15 40 (with retention system 24, wash delivery segment 26 with first end 28, second end 30 

with inlet 31, core nozzles 34, 36, 38 and fan nozzles 52, 54), hose 61 with inlet 65 and 

front mounted manifold 56 (with retention structure 60 and nozzles 62, 63). Inlet 65 can 

include a T-fitting to receive wash liquid and send it to each of manifolds 40. 

Manifolds 40 connect to engine 12 and work to wash engine 12 the same as 

20 described in relation to FIGS. 2A-2D, and manifold 56 connects to engine 12 and works 

to wash engine 12 the same as described in relation to FIG. 3. In the embodiment shown 

in FIGS. 4A-4C, a plurality of rear mounted manifolds 40 work together to 

simultaneously deliver wash fluid to engine 12 core 22 and fan blades 42. Hose 61 

connects rear mounted manifolds 40 together so that inlet 65 receives the wash fluid for 

25 delivery to engine 12 core 22 and fan 42. 

Using a plurality of rear mounted manifolds 40 separately or in combination with 

a front mounted manifold 56 (as shown in FIG. 4C) can provide an efficient and thorough 

engine 12 cleaning. Using a plurality of rear mounted manifolds 40 can delivery more 

wash fluid to and around to different parts of engine core 22 and blades 44, which can be 

30 especially useful in large engines 12. 

FIG. 5A shows a perspective view of retention system 24 connected to case 13 

surrounding bypass duct 14, and FIG. 4B shows an exploded view of the retention system 

24. Retention system 24 includes manifold clamp 64, case clamp 66 and handle 67. 

Manifold clamp 64 includes trough 68, tube clamps 70 (each with knob screw 72, washer 
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74, nut 76 and split cylinder 78), spring 80 and collar 82. Case clamp 66 includes bracket 

84 (with first arm 85 and second arm 86), foot pad 87 and knob screw 88. Also shown is 

second end 30 of wash delivery segment 26 and inlet 31. 

Collar 82 fits securely around wash delivery segment at second end 30. Trough 

5 68 receives wash delivery segment 26 and spring 80 pushes wash delivery segment 26, 

and thus, whole manifold (10, 40) toward rear of engine 12 securing first end 28 against 

core inlet splitter 18 (see FIGS. 1A, 2A, 2B). Wash delivery segment 26 can slide 

forward and aft through trough 68. Tube clamps 70 can then secure wash delivery 

segment 26 in place by knob screw 72 connecting to nut 76 to tighten split cylinder 

10 segments 78 around wash delivery segment 26. Split cylinder segments 78 are 

cylindrical, and can have ends which are angled or shaped to interface with the outer 

radius of wash delivery segment 26, to ensure wash delivery segment pipe 26 is held 

tightly, locking into place in trough 68. Tube claims 70 are also biased from opposing 

sides to ensure a secure connection. Manifold clamp 64 can be connected to case clamp 

15 66 by bolting, welding or any other means. Handle 67 connects to manifold clamp 64, 

allowing one to easily place retention system 24 at desired location. 

Case clamp 66 connects to and clamps around case 13, securing retention system 

24 to case. Foot pad 87 can be rubber or another material to prevent scratching and 

should be a sufficient size to spread out force and ensure secure clamping. For example, 

20 foot pad 87 can have a diameter of 76.2 mm (3 inches). As shown in the embodiment of 

FIGS. 5A-5B, bracket 84 can be lined with plastic or another material to prevent 

scratching of case 13. Foot pad 87 is connected to the end of knob screw 88 and moves 

with knob screw 88. Knob screw 88 moves through bracket 84 first arm 85 to clamp case 

13 between second arm 86 and foot pad 87, thereby securing retention system 24 to case 

25 13. Manifold clamp 64 retains manifold 10, 40 by biasing wash delivery segment 26 with 

spring 80 and clamp 82 and further securing with tube clamp 70 with split cylinders 78. 

Retention system 24 acts to secure rear mounted wash manifold 40 to case 13, 

with multi-locking retention features for stabilizing rear mounted manifold 40 during a 

washing operation while preventing damage from connection. Case clamp 66 secures 

30 retention system 24 to case without scratching or damaging case. Manifold clamp 64 

secures wash delivery segment 26 and holds manifold 40 in place by biasing wash 

delivery segment with spring 80 and collar 82, allowing manifold to secure or hook onto 

core inlet splitter 18 on first end 28. Tube clamp 70 of manifold clamp 64 further secures 

wash delivery segment 26 using split cylinders 78 with surfaces that conform to wash 
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delivery segment 26. Handle 67 ensures retention system 24 is easy to move and place 

where desired. 

In summary, rear mounted manifold 10, 40, allows for effective and efficient 

engine 12 washing by spraying wash fluid directly into core 22 engine 12 and/or at fan 

5 42. Wash delivery segment 26 can enter through bypass duct 14 and secure against core 

inlet splitter 18 and case 13 with retention system 24. Retention system 24, through the 

use of biasing spring 80, tube clamps 70 and case clamp 66 is able to hold manifold 10, 

40 in place during washing operations. Wash delivery segment 26 can then deliver wash 

fluid through nozzles directly into core 22, improving penetration and washing of core 

10 engine components. Wash delivery segment 26 can also deliver wash fluid toward aft 

side 50 of fan blades 44, spraying from behind and through fan 42. This rear washing of 

fan 42 blades 44 can efficiently remove contaminants from surfaces that were in past 

systems only occasionally manually cleaned, thereby resulting in an overall cleaner 

engine. This simultaneous washing of engine 12 core 22 and fan 42 provides a superior 

15 washing process which can increase engine performance by decreasing engine 

temperatures, reducing fuel consumption, restoring engine power and improving overall 

engine efficiency. 

While retention system 24 is shown as used with rear mounted manifold 10, 40, it 

can be used with other systems that need secured. While manifolds 10, 40 are shown to 

20 connect to bypass duct 14, in other engines manifolds 10, 40 could connect to engine 

exhaust, a mixed bypass/exhaust duct or another structure rear of fan 42. 

While the invention has been described with reference to an exemplary 

embodiment(s), it will be understood by those skilled in the art that various changes may 

be made and equivalents may be substituted for elements thereof without departing from 

25 the scope of the invention. In addition, many modifications may be made to adapt a 

particular situation or material to the teachings of the invention without departing from 

the essential scope thereof. Therefore, it is intended that the invention not be limited to 

the particular embodiment(s) disclosed, but that the invention will include all 

embodiments falling within the scope of the appended claims. 

30 
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CLAIMS: 

1. A retention system comprising: 

a structure clamp to connect the retention system to another structure; and 

a manifold clamp connected to the structure clamp, the manifold clamp 

5 including a trough to receive a pipe, a plurality of tube clamps with 

split cylinders extending through the trough, a collar to clamp 

around the pipe, and a spring to bias the trough from the collar. 

2. The retention system of claim 1, and further comprising: 

a handle connected to manifold clamp. 

10 3. The retention system of claim 1, wherein the structure clamp comprises: 

a bracket connected to the manifold clamp, the bracket with first and 

second arms; 

a knob screw extending through and able to move relative to the first arm 

of the bracket; and 

15 a foot pad on the end of the knob screw to clamp the structure between the 

foot pad and the second arm of the bracket. 

4. The retention system of claim 3, wherein the foot pad is a rubber or 

compliant material. 

5. The retention system of claim 3, wherein the foot pad is circular shaped. 

20 6. The retention system of claim 5, wherein the diameter of the foot pad is of 

a size sufficient to distribute clamping force. 

7. The retention system of claim 3, wherein the bracket is lined with a rubber 

or plastic or compliant material on parts which connect to the structure. 

8. The retention system of claim 1, wherein the plurality of tube clamps with 

25 spilt cylinders comprises: 

a first tube clamp extending from a first side of the trough with a split 

cylinder to clamp around the pipe; and 

a second tube clamp extending from a second side of the trough with a 

split cylinder to clamp around the pipe. 

30 9. The retention system of claim 1, wherein the split cylinders are shaped to 

conform to the outer diameter of the pipe when clamping. 

10. A method of retaining a rear mounted manifold with a wash delivery pipe 

with a retention system, the method comprising: 

connecting a collar and spring around the wash delivery pipe; 
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placing the wash delivery pipe in a trough in a manifold clamp so that the 

spring biases the wash delivery pipe away from the manifold 

clamp; 

securing a plurality of tube clamps with split cylinders around the wash 

5 delivery pipe to secure the wash delivery pipe in the trough; and 

securing a structure clamp that is connected to the manifold clamp to 

another structure. 

11. The method of claim 10, wherein the step of securing a plurality of tube 

clamps with split cylinders around the wash delivery pipe to secure the wash delivery 

10 pipe in the trough comprises: 

tightening a knob screw of a first tube clamp extending from a first side of 

the trough to a second side of the threaded trough so that a first 

split cylinder secures around the wash delivery pipe; and 

tightening a knob screw of a second tube clamp extending from a second 

15 side of the trough to a first side of the threaded trough so that a 

second split cylinder secures around the wash delivery pipe. 

12. The method of claim 10, wherein the step of securing a structure clamp 

that is connected to the manifold clamp to another structure comprises: 

placing the structure clamp so that the structure is between first and second 

20 arms of a bracket of the structure clamp; 

tightening a knob screw extending through the first arm of the bracket so 

that a foot pad connected to the end of the knob screw contacts the 

structure, securing the structure bracket to the structure between the 

foot pad and the second arm of the bracket. 

25 13. The method of claim 10, and further comprising: 

placing the retention system in place with a handle connected to the 

trough. 

14. An engine wash system with a manifold for delivering wash liquid to an 

engine with an inlet, a fan, a case with a bypass or exhaust duct and a core inlet splitter, 

30 the manifold comprising: 

a wash delivery segment comprising a pipe shaped to follow at least in part 

engine case curvature with a first end to interface with the core 

inlet splitter and a second end with an inlet to receive wash fluid; 

one or more nozzles on the wash delivery segment to spray wash fluid; and 
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a retention system to interface with the bypass duct and with the wash 

delivery to secure the manifold to a bypass duct outlet, wherein the 

retention system comprises: 

a case clamp to connect the retention system to the case; and 

5 a manifold clamp connected to the case clamp, the manifold clamp 

including a trough to receive the wash delivery segment, a 

plurality of tube clamps with split cylinders extending 

through the trough, a collar to clamp around the wash 

delivery segment, and a spring to bias the collar from the 

10 trough. 

15. The engine wash system of claim 14, and further comprising: 

a handle connected to manifold clamp to position the retention system. 

16. The engine wash system of claim 14, wherein the case clamp comprises: 

a bracket connected to the tube clamp, the bracket with first and second 

15 arms; 

a knob screw extending through and able to move relative to the first arm 

of the bracket; and 

a foot pad on the end of the knob screw to clamp the case between the foot 

pad and the second arm of the bracket. 

20 17. The engine wash system of claim 14, wherein the foot pad is a rubber or 

compliant material and is circular shaped. 

18. The engine wash system of claim 14, wherein the plurality of tube clamps 

with spilt cylinders comprises: 

a first tube clamp extending from a first side of the trough with a split 

25 cylinder to clamp around the pipe; and 

a second tube clamp extending from a second side of the trough with a 

split cylinder to clamp around the pipe. 

19. The engine wash system of claim 14, wherein the split cylinders are 

shaped to conform to the outer diameter of the pipe when clamping. 

30 20. The engine wash system of claim 14, wherein the one or more nozzles 

comprises at least one nozzle position to direct wash fluid at a rear of the fan. 

21. The engine wash system of claim 14, and further comprising: one or more 

additional retention systems. 
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