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CLEANABLE FILTER

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This Application claims priority to United States Provisional Patent Application Serial

No. 61/752,208 entitled "CLEANABLE FILTER," which was filed on January 14, 2013. This

application is hereby incorporated by reference in its entirety and for all purposes.

TECHNICAL FIELD

[0002] The present invention relates to air filtration systems. More particularly, the present

application relates to cleanable filter elements for air filtration systems.

BACKGROUND

[0003] Air filtration systems typically filter particulate (e.g., dust and other contaminants) out

of dirty air (e.g., from an external environment) to provide clean air to a system. For example,

an automotive air intake system typically includes an air filtration system configured to filter

dirty air from the external environment prior to providing the air to a combustion chamber of the

engine. The filtration may be performed by an air filter element within the filtration system.

The air filter element may include air filter media. The air filter media may be supported in the

air filter element by a frame. The air filter media is configured to trap the particulate contained

in the dirty air as the air flows through the air filter media.

[0004] As dirty air is filtered through the air filter media, the air filter media loads as

particulate builds within the air filter media and on the surface of the air filter media. As the load

of the air filter media increases, the efficiency of the air filter typically increases. Additionally,

as the load of the air filter media increases, the restriction of air flow through the air filter media

typically increases. At a certain point in the air filter's life, the restriction through the air filter

media becomes too large for the air filtration system to function properly. At or before this

point, the air filter element, including the air filter media, is typically replaced with a new or

refurbished air filter element.



[0005] The consistent need to replace filter elements within filtration systems has associated

drawbacks. A first drawback is the cost of regularly replacing the filter elements. Replacement

filter elements may be expensive. Additionally, the labor costs of technicians can drive up the

operating costs of the filtration systems. A second drawback is negative environmental impact

associated with the disposal of used filter elements in landfills. A third drawback is the potential

contamination of the filtration systems that may occur when the old filter elements are removed.

For example, a seal may be broken within the air filtration system when the old air filter element

is removed, and prior to installation of the new air filter element, dirty air may travel to the clean

side of the air filtration system. The above drawbacks are driving owners and operators of

filtration systems to request self-cleaning filtration systems, thereby eliminating the need to

replace the filter elements at regular service intervals.

SUMMARY

[0006] One exemplary embodiment relates to a cleanable air filter. The cleanable air filter

includes a housing and a filter element installed in the housing. The filter element is configured

to filter an operating fluid in a given application. The filter element is cleanable in-situ in the

installed condition in the housing. The cleanable air filter further includes a cleaning fluid

applicator configured to apply a cleaning fluid to the filter element while the filter element is in

the installed condition in the housing such that the filter element is cleanable without being

removed from the filter housing.

[0007] Another exemplary embodiment relates to a method for cleaning a filter element having

an installed condition in a filter housing and filtering fluid in a given application. The method

includes applying, by a controller, cleaning fluid to the filter element while the filter element is

in the installed condition in the filter housing, wherein the cleaning fluid frees particulate from

the filter element. The method further includes ejecting, by the controller, the freed particulate

from the filter housing.

[0008] Yet another exemplary embodiment relates to a method of cleaning a filter installed in a

system. The method includes receiving, at a controller, a cleaning command. The method



further includes applying, through a fluid inlet, a cleaning fluid to a filter element of the filter.

The method includes activating, by the controller, a vibration mechanism configured to vibrate

the filter element. The method further includes ejecting, through an opening in a housing of the

filter, particulate freed from the filter element during the applying of the cleaning fluid and the

activation of the vibration mechanism.

[0009] These and other features, together with the organization and manner of operation

thereof, will become apparent from the following detailed description when taken in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1 is a cross-sectional view of cleanable air filter according to an exemplary

embodiment.

[0011] FIG. 2 is a cross-sectional view of a cleanable air filter according to an exemplary

embodiment.

[0012] FIG. 3 is a cross-sectional view of a cleanable air filter according to an exemplary

embodiment.

[0013] FIG. 4 is a cross-sectional view of a cleanable air filter according to an exemplary

embodiment.

[0014] FIG. 5 is a cross-sectional view of a cleanable air filter according to an exemplary

embodiment.

[0015] FIG. 6 is a perspective view of the cleanable air filter of FIG. 5 without the housing

according to an exemplary embodiment.

[0016] FIGS. 7 through 9 show arrangements of air delivery ports in a manifold according to

exemplary embodiments.



[0017] FIGS. 10 through 1 show a cleanable air filter according to an exemplary embodiment.

[0018] FIG. 13 is a cross-sectional view of a cleanable air filter according to an exemplary

embodiment.

[0019] FIGS. 14 and 15 show a cleanable air filter according to an exemplary embodiment.

[0020] FIG. 16 is a cross-sectional view of a vibration mechanism according to an exemplary

embodiment.

[0021] FIG. 1 is a cross-sectional view of a vibration mechanism according to an exemplary

embodiment.

[0022] FIG. 18 is a block diagram of a system according to an exemplary embodiment.

[0023] FIG. 19 is a flow diagram of a method of cleaning a cleanable air filter according to an

exemplary embodiment.

DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS

[0024] Referring to the figures generally, the various embodiments disclosed herein relate to a

cleanable filter elements within an filter system. The cleanable filter elements are cleanable

without requiring removal from the filter systems. A pressurized air supply may be coupled to

the filter systems. Air from the pressurized air supply may be used to "blow out" or "blow off

captured and caked on particulate (e.g., dust) from the filter media of the filter element. Air from

the pressurized air supply may drive a vibration mechanism that vibrates the filter element

thereby assisting in dislodging captured and caked on particulate from the filter media of the

filter element. A vacuum may assist in evacuating any dislodged particulate from the region

surrounding the filter media. The evacuated particulate may be ejected into the outside

environment.

[0025] Referring to FIG. 1, a cross-sectional view of a cleanable air filter 100 is shown

according to an exemplary embodiment. The air filter 100 includes a housing 102 and filter



media 104. The filter media 104 is arranged in a cylindrical manner within the housing 102.

The air filter 100 is configured to filter particulate out of dirty air (e.g., from an external

environment) to provide clean air to another system (e.g., an internal combustion engine system,

a compressor system, a medical system, a heating, ventilation and air conditioning (HVAC)

system, etc.). Filtering is performed by the filter media 104. As shown in FIG. 1, the filter

media 104 is in an installed position within the housing 102. The filter media 104 may be

removable from the filter housing 102.

[0026] As shown in FIG. 1, the filter media 104 includes a dirty side 106 and a clean side 108.

The dirty side 106 receives dirty air from the external environment. The air then passes through

the filter media 104 and out the clean side 108. As the air passes from the dirty side 106 to the

clean side 108, the filter media captures particulate 110 contained in the air from the external

environment. The clean air may then be passed out of the opening 112 to the system that

receives the clean air (e.g., an internal combustion engine). A first seal may be positioned

between the filter media 104 and the opening 112 to isolate the dirty side 106 from the clean side

108. A second seal may be positioned between the filter media 104 and the housing 102 (e.g., at

the top of the housing opposite the opening 112) to isolate the dirty side 106 from the clean side

108. The second seal may be spaced apart from the first seal.

[0027] As the filter media 104 collects particulate 110, the particulate 110 builds within the

filter media 104 and on the surface of the filter media 104. As the amount of built up particulate

110 increases, the efficiency of the air filter 100 increases. Additionally, the amount of built up

particulate 110 increases, the restriction of air flow through the air filter 100 increases. At a

certain point in the life of the filter media 104, the restriction becomes too large for the filter

media 104 to function properly. Accordingly, air filter 100 includes a pressurized air input 114

that supplies clean, pressurized air to blow the particulate 110 out of and off of the filter media

106.

[0028] The pressurized air input 114 may be connected to a pressurized air source. The air

from the pressurized air source may have already been filtered through the air filter 100 (e.g.,



stored in a pressurized take after a prior filtering operation). During a cleaning operation, the air

from the pressurized air source may flow through the pressurized air input 114 and into the air

filter 100. The air may be supplied to the clean side 108 of the filter media 104. Accordingly,

clean air passes into the filter media 104 through the clean side 108, continues through the filter

media 104, and passes out of the filter media 104 through the dirty side 106. In the process, the

air sweeps particulate 110 out of the filter media 104 and off of the dirty side 106 of the filter

media. The freed particulate 110 may then pass out of the filter housing 102 through an ejection

port 116. The ejection portion 116 may include a check valve 118 that prevents air and

particulate 110 from flowing out of the housing 102 when cleaning operations are not being

performed. The check valve 118 may be selectively opened and closed during a cleaning

operation or during a filter operation. The ejection port 116 may eject the now dirtied cleaning

air and the particulate 110 to the external environment. In some arrangements, a vacuum source

(e.g., a vacuum chamber, a vacuum pump, etc.) may be connected to the ejection port 116 to

assist in removing particulate 110 from the filter. The opening 112 may be selectively closed

during the cleaning operation (e.g., by operation of a valve) to increase the amount of air flowing

from the pressurized air input 114 and out the dust ejection port 116. The air entering the air

filter 100 through the pressurized air input 114 may be routed through an air distributor 120. The

air distributor 120 may be conical in shape, although other shapes are also possible. The air

distributor 120 includes a plurality of openings 122. The openings may be substantially evenly

spaced across the air distributor 120 to evenly distribute the air from the pressurized air input

across a surface of the clean side 108 of the filter media 104.

[0029] The cleaning operation removes particulate 110 from the filter media 104.

Accordingly, the lifespan of the filter media 104 may be increased through the cleaning

operations. The cleaning operation may be automatically performed (e.g., at regular intervals,

based on feedback from a sensor, etc.) or may be performed as an on-demand operation at the

instruction of a user. The cleaning operation may be performed while the system connected to

the air filter 100 is operating or while the system connected to the air filter 100 is not operating.

The cleaning operation does not require the filter 100 to be disassembled or the filter media 104



to be removed or uninstalled from the housing 102. Accordingly, the cleaning operation may be

performed in-situ (e.g., with the filter media 104 in the installed condition).

[0030] Referring to FIG. 2, a cross-sectional view of a cleanable air filter 200 is shown

according to another exemplary embodiment. Air filter 200 is substantially similar to air filter

100 in its arrangement of components and function. However, the air filter 200 routes cleaning

air through filter media 202 in a slightly different manner. Similar to air filter 100, the air filter

200 includes an air distributor 204. The air distributor 204 may be placed on the clean side of

the air filter media 202. The air distributor 204 may be conical in shape, with other shapes also

being possible. The air distributor 204 includes a plurality of openings 206. The openings 206

may be substantially evenly spaced across the air distributor 204 to evenly distribute the air from

the pressurized air input across a surface of the clean side of the filter media 202. In addition to

the air distributor 204, the air filter 200 may route cleaning air directly into the air filter media

202 through an air pipe 208 coupled to the air filter media 202. The air filter 200 may include a

plurality of air pipes 208. The air pipe 208 may provide cleaning air into a top end of the air

filter media 202. A cleaning air manifold 210 may provide air to both the air pipe 208 and to the

air distributor 204.

[0031] Referring to FIG. 3, a cross-sectional view of a cleanable air filter 300 is shown

according to yet another exemplary embodiment. Air filter 300 is substantially similar to air

filters 100 and 200 in its arrangement of components and function. However, air filter 300

routes cleaning air through filter media 302 in a slightly different manner. Similar to air filter

200, air filter 300 includes an air pipe 304 or a plurality of air pipes 304 to route cleaning air

directly into the air filter media 302. The air pipe or pipes 304 may be coupled to the air filter

media 302. A cleaning air manifold 306 may provide air to the air pipe or pipes 304. Unlike

filters 100 and 200, filter 300 does not include a central air distributor that directs air onto the

clean side of the filter media 302.

[0032] Referring to FIG. 4, a cross-sectional view of a cleanable air filter 400 is shown

according to still another exemplary embodiment. The air filter 400 includes a housing 402



containing a coiled filter media 404. The coiled filter media 404 may be could around a center

tube 406. The coiled filter media 404 may occupy the space between the center tube 406 and the

interior of the housing 402. The coiled filter media 404 includes a dirty side 408, in which dirty

air containing particulates enters the coiled filter media 404, and a clean side 410, in which

clean, filtered air exits the filter media 404. The clean filtered air may exit the air filter through

an opening 412 in the housing 402.

[0033] Similar to the above discussed air filters, the coiled filter media 404 collects particulate

as the air is filtered through the air filter 400. Accordingly, the air filter 400 includes a

pressurized air input 414 that supplies clean, pressurized air to blow the particulate out of and off

of the coiled filter media 404. The pressurized air input 414 may be connected to a pressurized

air source. The air from the pressurized air source may have already been filtered through the air

filter 400 (e.g., stored in a pressurized tank after a prior filtering operation). During a cleaning

operation, the air from the pressurized air source may flow through the pressurized air input 414,

through the center tube 406, and through a coiled hollow tubing 416 into the filter media 404.

The hollow tubing 416 may include a plurality of holes located at a tip edge along the length of

the hollow tubing 416 to deliver the cleaning air to the dirty side 410 of the filter media 404.

The hollow tubing 416 may be extruded. The hollow tubing 416 may be an air sparge plenum.

The hollow tubing 416 may provide cleaning air to each coil of the coiled filter media 404. The

air provided by the hollow tubing 416 forces captured particulate and caked particulate out of

and off of the coiled filter media 404 in a similar manner as described above with respect to air

filters 100, 200, and 300. The freed particulate may then pass out of the housing 402 through an

ejection port. The ejection portion may include a check valve that prevents air and particulate

from flowing out of the housing 402 when cleaning operations are not being performed. The

ejection port may eject the now dirtied air and the particulate to the external environment. In

some arrangements, a vacuum source (e.g., a vacuum chamber, a vacuum pump, etc.) may be

connected to the ejection port to assist in removing particulate from the filter 400.

[0034] Referring to FIGS. 5 and 6, views of a cleanable air filter 500 are shown according to

an exemplary embodiment. FIG. 5 shows a cross-sectional view of the cleanable air filter 500 is



shown according to an exemplary embodiment. FIG. 6 shows a perspective view of the air filter

500 without the housing 502. Air filter 500 is similar in both arrangement and operation to

cleanable air filters 100, 200, 300, and 400. Air filter 500, however, includes a substantially

rectangular housing 502 that contains a V-shaped filter media 504. Additionally, air filter 500

differs in that pressurized cleaning air is routed into a manifold 506 from a pressurized air input

508 such that pressurized air is directed onto a dirty side of the filter media 504 by the manifold

506. The manifold 506 may connect to the housing 502, which includes the pressurized air input

508. A locating feature and an o-ring or auxiliary seal may be used (as shown in FIG. 12) to

assist in forming an air-tight connection between the manifold 506 and the pressurized air input

508. The o-ring or auxiliary seal may be provided at an interface between the manifold 506 and

the housing 502. In this arrangement, the pressurized cleaning air dislodges particulate built up

on the surface of the dirty side of the filter media 504. In some arrangements, the manifold 506

may be configured to provide cleaning air to the dirty side, the clean side, or both sides of the

filter media 504. The manifold 506 may include a one-way valve permitting cleaning air to exit

the manifold 506 and to prevent fluid flow from the dirty side of the filter media 504 to the clean

side of the filter media. The manifold 506 may be a constituent part of the filter media such that

when the filter media 504 is removed from the housing 502, the manifold 506 is also removed

(e.g., as shown in FIG. 6). The freed particulate may then pass out of the housing 502 through an

ejection port 510. The ejection portion 510 may include a check valve 512 that prevents air and

particulate from flowing out of the housing 502 when cleaning operations are not being

performed. The ejection port 510 may eject the now dirtied air and the particulate to the external

environment. In some arrangements, a vacuum source (e.g., a vacuum chamber, a vacuum

pump, etc.) may be connected to the ejection port 510 to assist in removing particulate from the

filter 500.

[0035] Referring to FIGS. 7 through 9, views of different arrangements of manifold air passage

channels (e.g., air delivery ports of manifold 506) are shown. As shown in FIGS. 7-9, the

manifold may include a plurality of passage channels. The passage channels direct the cleaning

air to various locations along the filter media. As shown in FIG. 7, a first manifold arrangement



700 may include a plurality of passage channels 702 that are substantially perpendicular to the

longitudinal axis of a manifold pipe 704. As shown in FIG. 8, a second manifold arrangement

800 may include a plurality of passage channels 802 that are substantially in line with the

longitudinal axis of a manifold pipe 804. As shown in FIG. 9, a third manifold arrangement 900

may include a plurality of passage channels 902 that are positioned at a non-perpendicular angle

with respect to the longitudinal axis of a manifold pipe 704. Although each of the above

described arrangements depict passage channels 702, 802, and 902 as slots, the ports may be

sized and shaped in any suitable manner. The passage channels 702, 802, and 902 may be

formed by a water-gas assisted injection molding process.

[0036] Referring to FIGS. 10 through 12, a cleanable air filter 1000 is shown according to an

exemplary embodiment. The cleanable air filter 1000 is similar in both arrangement and

operation to the cleanable air filter 500 discussed above with respect to FIGS. 5 through 9 . The

main difference between air filter 1000 and air filter 500 is that cleaning air in air filter 1000 is

routed into the pleats of filter media, whereas the cleaning air of filter 500 is routed to the dirty

side surface of the filter media 504. Additionally, as shown in FIG. 12, air filter 1000 includes a

manifold 1002 which connects with a pressurized air input 1004 of a housing 1006. The

manifold 1002 may be removably connected to the pressurized air input 1004. The housing 1006

may include a locator feature 1008 to assist a user in connecting the manifold 1002 to the

pressurized air input 1004. The locator feature 1008 may include an o-ring to ensure an air tight

seal between the manifold 1002 and the pressurized air input. As mentioned above, the

connection shown in FIG. 12 may also be used with air filter 500.

[0037] Referring to FIG. 13, a cross-sectional view of a cleanable air filter 1300 is shown

according to another exemplary embodiment. The air filter 1300 is similar in both arrangement

and operation to air filters 100, 200, 300, 400, 500, and 1000. The air filter 1300 includes a

housing 1302 which houses filter media 1304. The filter media 1304 may include panelettes. In

an alternative arrangement, the filter media 1304 may be arranged in a cone, may be coiled (e.g.,

as in air filter 400), or may be cylindrical in shape (e.g., as in air filter 100). The filter media

1304 is supported by a frame 1306 within the housing 1302. The frame 1306 may form a seal



with the housing 1302 to isolate a dirty side of the filter media 1304 from a clean side of the

filter media 1304. The housing 1302 includes a dirty air inlet 1308 and a clean air outlet 1310.

[0038] The cleaning system of filter 1300 includes at least one pressurized air inlet 1312 which

supplies cleaning air 1314 to the air filter media 1304. The cleaning air may be configured to

free captured particulate within and on the dirty side surface of the air filter media 1304 in

accordance with any of the above discussed cleaning air routing systems. Unlike air filters 100,

200, 300, 400, 500, and 1000, air filter 1300 does not include an ejection port. Air filter 1300

includes a removable cover 1316. The removable cover 1316 may be shaped like a cup or a

bucket. Accordingly, the removable cover 1316 may collect particulate that has been freed from

the filter media 1304 by the cleaning system. The removable cover may then be removed by a

user (e.g., by unscrewing the removable cover 1316, by unlatching a lock holding the removable

cover 1316 in place, or otherwise separating the removable cover 1316 from the housing) in

order to remove the collected particulate from the air filter 1300.

[0039] Referring to FIGS. 14 and 15, a cleanable air filter 1400 is shown according to still

another exemplary embodiment. The cleanable air filter 1400 comprises a bag-style air filter

system. Air filter 1400 is similar in both arrangement and operation to air filters 100, 200, 300,

400, 500, 1000, and 1300. Air filter 1400 includes pleated filter media 1402. As shown in FIG.

15, an air flow path 1404 carries air through the filter media 1402 to be cleaned. The air filter

1400 includes a manifold 1406 configured to route pressurized cleaning air 1408 onto the dirty

side pleats of the air filter media 1402. The pressurized cleaning air frees captured particulate

within and on the dirty side surface of the air filter media 1402 in accordance with any of the

above discussed cleaning air routing systems. The freed particulate falls to the bottom of the air

filter 1400, where it is collected and removed through an ejection port 1410. A vacuum source

(e.g., a vacuum chamber, a vacuum pump, etc.) may be connected to the ejection port 1410 to

assist in removing the freed particulate from the air filter 1410.

[0040] Referring to FIG. 16 a vibration mechanism 1600 for a cleanable air filter is shown,

where the vibration mechanism 1600 includes a rotary vibrator. The rotary vibrator may include



a motor having an offset weight. Accordingly, when the motor turns, the offset weight causes

the vibration mechanism to vibrate. Referring to FIG. 17, a vibration mechanism 1700 including

a linear or oscillating vibrator is shown. The vibration mechanism 1700 oscillates a mass

linearly, which causes the vibration mechanism 1700 to vibrate. The above described vibration

mechanisms 1600 and 1700 may be coupled to an air filter. The vibration mechanisms may be

coupled to an air filter frame, directly to air filter media, or to a cleaning system component (e.g.,

an air delivery manifold). The vibration mechanisms are configured to shake the air filter media

thereby assisting in dislodging captured particulate in the filter media. The above described

vibration mechanisms 1600 and 1700 may be used with any of the above described cleanable air

filters 100, 200, 300, 400, 500, 1000, 1300, and 1400. In alternative arrangements, the vibration

mechanisms 1600 and 1700 may be used on air filter systems that do not use a pressurized fluid

(e.g., pressurized air) cleaning system. Each of the above vibration mechanisms 1600 and 1700

may be driven by the cleaning air passed through the manifold or by a separate electric actuator

(e.g., an electric motor).

[0041] Referring to FIG. 18, a block diagram of a system 1800 is shown according to an

exemplary embodiment. System 1800 includes a filter 1802. The filter 1802 may be any of the

above described cleanable air filters 100, 200, 300, 400, 500, 1000, 1300, and 1400. The filter

1802 may include a vibration mechanism (e.g., vibration mechanism 1600 or 1700). The filter

1802 filters a fluid (e.g., air, fuel, etc.) and provides clean fluid to a system 1804. System 1804

may be an internal combustion engine system, a compressor system, a medical system, an

HVAC system, or the like. System 1804 uses clean air provided by the filter 1802. The system

may include a controller 1806. The controller 1806 may control the operation of the system

1804. For example, if the system 1804 is an internal combustion engine system of an

automobile, the controller 1806 may be the automobile's engine control module. In other

arrangements, the controller 1806 may control the cleaning operations of filter 1802.

[0042] The system 1800 may include a pressurized fluid supply 1808. The pressurized fluid

supply 1808 may provide pressurized cleaning fluid (e.g., air or water) to the filter 1802 during

filter cleaning operations. The pressurized fluid supply 1808 may be controlled by the controller



1806. The pressurized fluid supply may provide cleaning fluid to the air filter in any manner

described herein. The system 1800 may also include a vacuum source 1810. The vacuum source

1810 may provide a vacuum to an ejection port of the filter 1802 to assist with removing freed

particulate from the filter 1802. The vacuum source 1810 may be controlled by the controller

1806. If the filter 1802 includes a vibration mechanism, the controller 1806 may also control the

operation of the vibration mechanism during cleaning operations. The controller 1806 may

automatically instruct cleaning operations for the filter 1802 based on stored cleaning settings

(e.g., a periodic cleaning schedule, based on feedback from a sensor associated with the filter

1802, etc.). Alternatively, the controller 1806 may instruct cleaning operations for the filter 1802

based on a user cleaning request (e.g., a technician may provide input to the controller 1806

through an input device to instruct a filter cleaning operation to be performed on the filter 1802

while servicing the system 1804).

[0043] Referring to FIG. 19, a flow diagram of a method 1900 of cleaning a cleanable air filter

is shown according to an exemplary embodiment. The filter may be any of the above described

cleanable air filters. The filter includes a filter element. The filter element may be in an installed

condition within a filter housing. The filter element may include filter media. The filter may be

configured to provide clean air to an external system (e.g., an internal combustion engine system,

a compressor system, a medical system, an HVAC system, system 1804, or the like). The

system may include a controller that controls a cleaning operation performed on the filter. In an

alternative arrangement, the filter may include a controller configured to control the cleaning

operation.

[0044] Method 1900 begins when the controller receives a cleaning command (1902). The

cleaning command may be received automatically. For example, the controller may be

configured to automatically instruct a cleaning operation on the filter after a set time interval

(e.g., every day, every week, every month, every 6 months, etc.), after a set usage interval (e.g.,

after the filter has filtered a certain amount of air, after the system has been used for a certain

amount of time, if the system is a car - after the car has been driven a certain distance, etc.), or

based on a feedback signal from a sensor of the filter (e.g., an air flow sensor, an air quality



sensor, etc.). Additionally or alternatively, the cleaning command may be received from an

external source. The external source may be an external computing system. The external source

may be a user input in which a user (e.g., a technician) may instruct an on-demand cleaning

operation.

[0045] After receiving the cleaning command, the controller may instruct a pressurized fluid

source to provide a pressurized cleaning fluid to the filter element of the air filter (1904). The

pressurized cleaning fluid may be air, water, detergent, degreaser, or a combination thereof. The

pressurized cleaning fluid may be provided to the clean side of the filter element, the dirty side of

the filter element, directly to the filter element, or a combination thereof. The filter media of the

filter element may include channels to distribute the cleaning fluid within the filter media. The

channels may be formed within the filter media itself or in a cleaning fluid distribution manifold

coupled to the media. The channels may be formed by a water-gas assisted injection molding

process. The cleaning fluid may be applied in pulses or applied in a steady stream. The cleaning

fluid may be applied to the filter element while the filter element is in the installed position

within the filter housing. The cleaning fluid may be applied to the filter element during a

filtering operation (e.g., while the filter element is providing clean air to the external system) or

when a filtering operation is not being performed by the filter. The cleaning fluid may remove

trapped and caked on particulate from the filter media.

[0046] The controller may activate a vibration mechanism of the filter (e.g., vibration

mechanism 1600 or 1700) (1906). Although shown as occurring after step 1904, the controller

may activate the vibration mechanism before or simultaneous to the application of cleaning fluid

to the filter element. The vibration mechanism may vibrate the filter element in order to assist in

freeing captured and caked on particulate from the filter media. The vibration mechanism may

be actuated by the flow of cleaning fluid or may be actuated by an electric actuator (e.g., an

electric motor).

[0047] The controller may then remove freed particulate from the filter housing (1908). The

controller may instruct the opening of a valve in an ejection port of the filter to allow the freed



particulate to exit the filter housing. In some arrangements, the controller may activate a vacuum

source to assist in the removal of the freed particulate out of the ejection port. In an alternative

arrangement, a user may manually remove the freed particulate from the filter housing.

[0048] As noted above, each of the above cleanable air filters 100, 200, 300, 400, 500, 1000,

1300, and 1400, include filter media. The above described filter media may include paper filter

media, foam filter media, cotton filter media, or other suitable filter media. The filter media may

include nanofiber media. The filter media may include integrated air passage channels that

distribute cleaning air within the filter media. The air passage channels may be formed through a

water-gas assist injection molding process. The filter media may be coated in a chemical and/or

may be electrically charged.

[0049] In each of the above cleanable air filters 100, 200, 300, 400, 500, 1000, 1300, and 1400.

pressurized air is described as the cleaning fluid. The pressurized air may be pulsed through the

cleanable filters during cleaning operations or may flow in a substantially steady stream. The

pressurized air may include a detergent configured to assist in cleaning the filter media. The

detergent may include a degreaser. In other arrangements, the filters may be configured to be

cleaned with a different fluid, such as water. The water may be pressurized. The water may be

pulsed through the cleanable filters during cleaning operations or may flow in a substantially

steady stream. The water may include a detergent configured to assist in cleaning the filter

media. The detergent may include a degreaser.

[0050] As utilized herein, the terms "approximately," "about," "substantially," and similar

terms are intended to have a broad meaning in harmony with the common and accepted usage by

those of ordinary skill in the art to which the subject matter of this disclosure pertains. It should

be understood by those of skill in the art who review this disclosure that these terms are intended

to allow a description of certain features described and claimed without restricting the scope of

these features to the precise numerical ranges provided. Accordingly, these terms should be

interpreted as indicating that insubstantial or inconsequential modifications or alterations of the



subject matter described and claimed are considered to be within the scope of the invention as

recited in the appended claims.

[0051] It should be noted that the term "exemplary" as used herein to describe various

embodiments is intended to indicate that such embodiments are possible examples,

representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0052] The terms "coupled," "connected," and the like as used herein mean the joining of two

members directly or indirectly to one another. Such joining may be stationary (e.g., permanent)

or moveable (e.g., removable or releasable). Such joining may be achieved with the two

members or the two members and any additional intermediate members being integrally formed

as a single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.

[0053] References herein to the positions of elements (e.g., "top," "bottom," "above," "below,"

etc.) are merely used to describe the orientation of various elements in the FIGURES. It should

be noted that the orientation of various elements may differ according to other exemplary

embodiments, and that such variations are intended to be encompassed by the present disclosure.

[0054] It is important to note that the construction and arrangement of the various exemplary

embodiments are illustrative only. Although only a few embodiments have been described in

detail in this disclosure, those skilled in the art who review this disclosure will readily appreciate

that many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and

proportions of the various elements, values of parameters, mounting arrangements, use of

materials, colors, orientations, etc.) without materially departing from the novel teachings and

advantages of the subject matter described herein. For example, elements shown as integrally

formed may be constructed of multiple parts or elements, the position of elements may be

reversed or otherwise varied, and the nature or number of discrete elements or positions may be

altered or varied. The order or sequence of any process or method steps may be varied or re-

sequenced according to alternative embodiments. Other substitutions, modifications, changes



and omissions may also be made in the design, operating conditions and arrangement of the

various exemplary embodiments without departing from the scope of the present invention.



WHAT IS CLAIMED IS:

1. A method for cleaning a filter element having an installed condition in a filter

housing and filtering fluid in a given application, the method comprising:

applying, by a controller, cleaning fluid to the filter element while the filter

element is in the installed condition in the filter housing, wherein the cleaning fluid frees

particulate from the filter element; and

ejecting, by the controller, the freed particulate from the filter housing.

2 . The method of claim 1, further comprising providing a cleaning fluid and

contaminant outlet from the housing at a discharge port.

3 . The method of claim 2, further comprising applying vacuum to the discharge port

to provide vacuum assist evacuation.

4 . The method according to claim 1, wherein the filter element is configured to filter

an operating fluid, the filter element includes a dirty side receiving dirty operating fluid and a

clean side delivering clean filtered operating fluid, and wherein a primary seal seals the filter

element to the filter housing to isolate the clean side from the dirty side, the method further

comprising providing the filter element with a manifold receiving the cleaning fluid and applying

the cleaning fluid to the filter element.

5 . The method according to claim 4, further comprising applying the cleaning fluid

from the manifold to the dirty side.

6 . The method according to claim 4, further comprising applying the cleaning fluid

from the manifold to the clean side.

7 . The method according to claim 4, further comprising:

applying the cleaning fluid to the dirty side and to the clean side,



providing one-way flow through the manifold permitting fluid flow from the

clean side to the dirty side, and

blocking reverse fluid flow from the dirty side to the clean side.

8. The method according to claim 4, further comprising providing a cleaning fluid

and contaminant outlet from the housing at a discharge port.

9 . The method according to claim 8, further comprising applying vacuum to the

discharge port to provide vacuum assist evacuation.

10. The method according to claim 4, wherein the manifold includes a plurality of

passage channels directing the cleaning fluid to locations along the filter element.

11. The method according to claim 1, further comprising activating, by the controller,

a vibration mechanism configured to vibrate the filter element, wherein the vibration mechanism

aids in dislodging of the particulate from the filter element.

12. The method according to claim 11, further wherein the vibration mechanism is

selected from the group including at least an oscillating mechanism, a reciprocating mechanism,

and a rotating mechanism.

13. The method according to claim 1, wherein the given application is selected from

the group including at least internal combustion engine systems, compressor systems, and HVAC

systems, and wherein the applying the cleaning filter is performed during a given cleaning cycle

in-situ in the installed condition in the system without removing the filter element from the

system.

14. The method according to claim 13, further comprising performing the cleaning

cycle automatically.



15. The method according to claim 13, further comprising performing the cleaning

cycle based on a command received from a user.

16. The method according to claim 13, further comprising performing the cleaning

cycle while the system is operating.

17. The method according to claim 13, further comprising performing the cleaning

cycle while the system is not operating.

18. The method according to claim 1, wherein the given application is an internal

combustion engine, and comprising cleaning the filter element in a given cleaning cycle in-situ

in the installed condition on the engine without removing the filter element from the engine.

19. The method according to claim 1, wherein the filter element is an air filter

element, the operating fluid is air, and the cleaning fluid is air.

20. The method according to claim 1, wherein the cleaning fluid is pressurized air.

21. The method according to claim 1, wherein the cleaning fluid is pulsed air.

22. The method according to claim 1, wherein the cleaning fluid is water.

23. The method according to claim 1, wherein the cleaning fluid is pressurized water.

24. The method according to claim 1, wherein the cleaning fluid is pulsed water.

25. The method according to claim 1, wherein the cleaning fluid includes detergent.

26. The method according to claim 1, wherein the cleaning fluid includes a degreaser.



27. A cleanable filter comprising:

a housing;

a filter element installed in the housing, the filter element configured to filter an

operating fluid in a given application, the filter element being cleanable in-situ in the installed

condition in the housing; and

a cleaning fluid applicator configured to apply a cleaning fluid to the filter

element while the filter element is in the installed condition in the housing such that the filter

element is cleanable without being removed from the filter housing.

28. The cleanable filter according to claim 27, wherein the filter element filters

includes a dirty side receiving dirty operating fluid, and a clean side delivering clean filtered

operating fluid, and the cleanable filter further comprises:

a primary seal configured to the filter element to the housing to isolate the clean

side from the dirty side; and

a manifold configured to receive the cleaning fluid and to apply the cleaning fluid

to the filter element.

29. The cleanable filter according to claim 28, wherein the manifold is a constituent

part of the filter element and remains part of the filter element upon removal of the filter element

from the housing.

30. The cleanable filter according to claim 28, further comprising an auxiliary seal

spaced from the primary seal, the auxiliary seal configured to seal the filter element to the

housing to isolate the clean side from the dirty side.

31. The cleanable filter according to claim 30, wherein the auxiliary seal is positioned

at the manifold and seals an interface between the manifold and the filter housing.

32. The cleanable filter according to claim 28, wherein the manifold is configured to

apply the cleaning fluid to the dirty side.



33. The cleanable filter according to claim 28, wherein the manifold is configured to

apply the cleaning fluid to the clean side.

34. The cleanable filter according to claim 28, wherein the manifold is configured to

apply the cleaning fluid to the dirty side and to the clean side, and wherein the cleanable filter

further comprises a one-way valve in the manifold permitting fluid flow therethrough from the

clean side to the dirty side and blocking reverse fluid flow therethrough from the dirty side to the

clean side.

35. The cleanable filter according to claim 28, wherein the filter element is mounted

to the housing at the manifold in the installed condition.

36. The cleanable filter according to claim 28, wherein the housing includes a

cleaning fluid inlet configured to provide cleaning fluid to the manifold for application to the

filter element.

37. The cleanable filter according to claim 28, wherein the housing includes a

cleaning fluid and contaminant outlet at a discharge port.

38. The cleanable filter according to claim 37, wherein the discharge port is

configured to receive a vacuum to provide vacuum assist evacuation.

39. The cleanable filter according to claim 28, wherein the manifold includes a

plurality of passage channels directing the cleaning fluid to locations along the filter element.

40. The cleanable filter according to claim 39, wherein the passage channels are

formed using water-gas assist injection molding.

The cleanable filter according to claim 27, further comprising a vibration



mechanism configured to vibrate the filter element to aid dislodging of contaminant from the

filter element, and wherein the vibration mechanism is actuated by the cleaning fluid.

42. The cleanable filter according to claim 41, wherein the vibration mechanism is

selected from the group including at least an oscillating mechanism, a reciprocating mechanism,

and a rotating mechanism.

43. The cleanable filter according to claim 27, wherein the given application is

selected from the group including at least internal combustion engine systems, compressor

systems, and HVAC systems, and wherein the filter element is configured to be cleaned in a

given cleaning cycle in-situ in the installed condition in the system without removing the filter

element from the system.

44. The cleanable filter according to claim 27 wherein the filter element is an air filter

element, the operating fluid is air, and the cleaning fluid is air.

45. The cleanable filter according to claim 27 wherein the cleaning fluid is

pressurized air.

46. The cleanable filter according to claim 27 wherein the cleaning fluid is pulsed air.

47. The cleanable filter according to claim 27 wherein the cleaning fluid is water.

48. The cleanable filter according to claim 27 wherein the cleaning fluid is

pressurized water.

49. The cleanable filter according to claim 27 wherein the cleaning fluid is pulsed

water.

The cleanable filter according to claim 27 wherein the cleaning fluid includes



detergent.

51. The cleanable filter according to claim 27 wherein the cleaning fluid includes a

degreaser.

52. The cleanable filter according to claim 27 wherein the filter element includes

nanofiber media.

53. A method of cleaning a filter installed in a system, the method comprising:

receiving, at a controller, a cleaning command;

applying, through a fluid inlet, a cleaning fluid to a filter element of the filter;

activating, by the controller, a vibration mechanism configured to vibrate the filter

element; and

ejecting, through an opening in a housing of the filter, particulate freed from the

filter element during the applying of the cleaning fluid and the activation of the vibration

mechanism.

54. The method of claim 53, wherein the cleaning command is based on a feedback

signal from a sensor of the filter.

55. The method of claim 53, wherein the cleaning command is received from an

external computing system.

56. The method of claim 53, wherein the cleaning command relates to an on-demand

cleaning request received from a user through a user input.

57. The method of claim 53, wherein the cleaning command is automatically

generated by the controller based on the expiration of a set time interval.

58. The method of claim 53, further comprising receiving, at the fluid inlet, the



cleaning fluid from a pressurized fluid source.

59. The method of claim 53, wherein the cleaning fluid is at least one of water and

air.

60. The method of claim 59, wherein the cleaning fluid includes a detergent.

6 1. The method of claim 53, wherein the cleaning fluid is applied to a clean side of

the filter element.

62. The method of claim 53, wherein the cleaning fluid is applied to a dirty side of the

filter element.

63. The method of claim 53, further comprising routing the cleaning fluid through

channels within the filter element.

64. The method of claim 53, wherein the vibration mechanism is a rotary vibration

mechanism or an oscillating vibration mechanism.

65. The method of claim 53, further comprising activating, by the controller, a

vacuum source to assist with ejecting the particulate freed from the filter element.

66. The method of claim 53, wherein the vacuum source is connected to the opening.
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