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AIR FILTER ULTRASONIC CLEANING SYSTEMS AND THE METHODS OF
USING THE SAME

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of priority of U.S. Patent Application No. 14/515,066
filed October 15, 2014, entitled, “Air Filter Ultrasonic Cleaning Systems And The
Methods Of Using The Same” (Docket SA 6008 PA/77097.32), the contents of which

are hereby incorporated by reference in its entirety
TECHNICAL FIELD

[0002] The present specification generally relates to an ultrasonic cleaning system, and

specifically to an ultrasonic cleaning system for cleaning air filters.

BACKGROUND

[0003] Currently, air filters are used in gas turbine systems. These air filters generally
remove foreign matter, such as dust and dirt, from the air which is to be supplied to the
other portions of the gas turbine systems, namely, the compressors, combustors, and
turbines. These other portions of the gas turbine systems operate at high speeds and
small tolerances, necessitating properly filtered air to operate safely and efficiently.
Accordingly, continued improvement to gas turbine systems and related devices is

desired.
SUMMARY

[0004] In one embodiment, an ultrasonic wave washing unit may include a power source, a
housing including a media inlet, a media outlet, and a bottom surface; a plurality of
ultrasonic transducers coupled to the power source and disposed about and extending
from the bottom surface within the housing; a support structure including a chair,
wherein the support structure is coaxially disposed within the plurality of ultrasonic
transducers; wherein the chair is operable to hold an air filter and receive residue from

the air filter when the air filter is washed within the ultrasonic wave washing unit.
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[0005] In another embodiment, an ultrasonic cleaning system may include a media source
and an ultrasonic wave washing unit. The ultrasonic wave washing unit may include a
power source; a housing including a media inlet in communication with the media
source, a media outlet, and a bottom surface; a plurality of ultrasonic transducers
coupled to the power source and disposed about and extending from the bottom surface
within the housing; a support structure comprising a chair and a sleeve, wherein the
support structure is coaxially disposed within the plurality of ultrasonic transducers;
wherein the chair is operable to hold an air filter and receive residue from the air filter
when the air filter is washed within the ultrasonic wave washing unit and the sleeve is

operable to engage with the air filter and secure the air filter within the chair.

[0006] In another embodiment, a method for cleaning an air filter may include providing an
ultrasonic wave washing unit comprising a chair; placing an air filter in the ultrasonic
wave washing unit; applying ultrasonic energy to the air filter from the ultrasonic wave
washing unit to remove residue from the air filter; collecting the residue within the

chair; and removing the air filter from the ultrasonic wave washing unit.

[0007] These and additional features provided by the embodiments described herein will be
more fully understood in view of the following detailed description, in conjunction with

the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The embodiments set forth in the drawings are illustrative in nature and not intended
to limit the subject matter defined by the claims. The following detailed description of
the illustrative embodiments can be understood when read in conjunction with the
following drawings, where like structure is indicated with like reference numerals and

in which:

[0009] FIG. 1 depicts an ultrasonic cleaning system according to one or more embodiments

shown and described herein;



WO 2016/060731 PCT/US2015/044569

[0010] FIG. 2A depicts a side view of an embodiment of a support structure of the ultrasonic

cleaning system of FIG. 1;
[0011] FIG. 2B depicts an isometric view of the support structure of FIG. 2A ;
[0012] FIG. 2C depicts a top view of the support structure of FIG. 2A;

[0013] FIG. 3 depicts a side view of the ultrasonic wave washing unit of the ultrasonic

cleaning system of FIG. 1;

[0014] FIG. 4 depicts an isometric view of an air filter and the support structure of FIG. 2A

in combination according to one or more embodiments shown and described herein;
[0015] FIG. 5 depicts a top view of the air filter and the support structure of FIG. 4; and

[0016] FIG. 6 depicts a flow chart of the method of cleaning an air filter according to one or

more embodiments shown and described herein.

DETAILED DESCRIPTION

[0017] The following text sets forth a broad description of numerous different embodiments
of the present disclosure. The description is to be construed as illustrative only and
does not describe every possible embodiment since describing every possible
embodiment would be impractical, if not impossible, and it will be understood that any
feature, characteristic, component, composition, product, step or methodology described
herein can be deleted, combined with or substituted for, in whole or part, any other
feature, characteristic, component, composition, product, step or methodology described
herein. Numerous alternative embodiments could be implemented, using either current
technology or technology developed after the filing date of this patent, which would

still fall within the scope of the claims.

[0018] Referring now to FIG. 1, an ultrasonic cleaning system 1 may comprise a media
source 70 and an ultrasonic wave washing unit 2. The media source 70 may be a

reservoir, a pipe, a connection to municipal water, a storage system with a pump, a
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gravity fed basin, or any other supply of a media 15. The media source 70 may be

external and/or internal to the ultrasonic wave washing unit 2.

[0019] “Media” as used herein refers to liquid, semi-solid (e.g., a gel), or solid (e.g., small
beads) substances capable of transmitting ultrasonic energy. Examples of the media 15
include, but are not limited to, water, detergents or cleaning agents, and any
combination thereof. Examples of forms of water that may be used include salt water,

sterile water, deoxygenated water, de-ionized water, or the like.

[0020] Referring collectively to FIGS. 1 and 3, the ultrasonic wave washing unit 2 of the
ultrasonic cleaning system 1 is shown. The ultrasonic wave washing unit 2 comprises a
power source 5, a housing 10, a plurality of ultrasonic transducers 20, and a support
structure 40. The ultrasonic wave washing unit 2 is generally configured to hold the
media 15 and to permit immersion of an air filter 30 in the media 15. The ultrasonic
wave washing unit 2 is further configured to wash the air filter 30 by using the plurality
of ultrasonic transducers 20 to generate and transmit ultrasound energy to clean the air

filter 30 immersed in the media 15.

[0021] The housing 10 may comprise a media inlet 12 and/or a media outlet 14 to fill the
housing 10 with the media 15 or to drain the housing 10 of the media 15. The media
inlet 12 may be in communication with the media source 70. In the illustrated
embodiment, the media inlet 12 and the media outlet 14 are distinct. Alternatively, the
media inlet 12 and the media outlet 14 may be the same element on the housing 10,
serving a dual purpose or permitting entry of the media 15 into the housing 10 and

dispersing of the media 15 out of the housing 10.

[0022] The housing 10 further comprises a bottom surface 16. In the illustrated embodiment,
the bottom surface 16 is substantially circular. Alternatively, the bottom surface 16 may
be of any shape operable to accept the plurality of ultrasonic transducers 20 positioned
along such bottom surface 16 such that the ultrasonic transducers 20 surround the
support structure 40. The housing 10 may be made from any appropriate material

known in the art such as, for example, metals, plastics, composites, or any combination
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thereof. In one embodiment, the housing 10 may be made of stainless steel. The housing

10 may be any suitable size and shape that permits the immersion of the air filter 30.

[0023] The ultrasonic transducers 20 generally generate and transmit ultrasound energy to
clean the air filter 30 positioned within the housing 10. The ultrasonic transducers 20
may be electrically coupled to the power source 5 and disposed about and extend from
the bottom surface 16 of the housing 10. Although the power source 5 is only shown in
FIG. 1 as coupled to one of the ultrasonic transducers 20, it is understood that the power
source 5 could be individually coupled to each ultrasonic transducer 20 or coupled to
one ultrasonic transducer 20 and that ultrasonic transducer 20 is coupled to the other
ultrasonic transducers 20 in circuit. The power source 5 may be coupled to the
ultrasonic transducers 20 via a wire or wirelessly. In the illustrated embodiment, there
are four evenly spaced ultrasonic transducers 20 that extend from the bottom surface 16
for the entire height of the air filter 30 and the support structure 40 when in
combination. In other embodiments, there may be more or fewer ultrasonic transducers
20 in alternative configurations about the bottom surface 16 of the housing 10 extending
to various heights. The ultrasonic wave washing unit 2 may comprise a transducer
control unit 3 electronically coupled to the power source 5 and/or the ultrasonic
transducers 20 to control the amplitude, frequency, power and/or duration of ultrasonic

energy emitted by the ultrasonic transducers 20.

[0024] The present disclosure may be embodied in hardware and/or in software (including
firmware, resident software, micro-code, etc.). The ultrasonic transducer controller unit
3 may have at least one processor and a computer-readable medium. A computer-
usable or the computer-readable medium may be any medium that can contain, store,
communicate, propagate, or transport the program for use by or in connection with the

instruction execution system, apparatus, or device.

[0025] The computer-usable or computer-readable medium may be, for example but not
limited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, device, or propagation medium. More specific examples (a non-

exhaustive list) of the computer-readable medium would include the following: an



WO 2016/060731 PCT/US2015/044569

-6-

electrical connection having one or more wires, a portable computer diskette, a random
access memory (RAM), a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber, and a portable compact disc
read-only memory (CD-ROM). Note that the computer-usable or computer-readable
medium could even be paper or another suitable medium upon which the program is
printed, as the program can be electronically captured, via, for instance, optical
scanning of the paper or other medium, then compiled, interpreted, or otherwise

processed in a suitable manner, if necessary, and then stored in a computer memory.

[0026] In various embodiments, the ultrasonic transducers 20 may be adapted to generate and
transmit ultrasonic energy at a frequency of about 18 kHz to about 3 MHz. In some
embodiments the frequency may be about 20 kHz to about 40 kHz. In some
embodiments, the ultrasonic transducer 20 may be adapted to generate and transmit a
power output of about 0.01 watt per cm? to about 20.0 watts per cm”. In some
embodiments, the media 15 placed in the housing 10 allows for and/or assists with
uniform transmission of ultrasonic energy from the ultrasonic transducers 20 to the air

filter 30 that is immersed and surrounded by the media 15.

[0027] In some embodiments, the air filter 30 is generally configured to operate within a gas
turbine. The particular materials, dimensions including its height (hy), and configuration
of the air filter 30 are beyond the scope of the present disclosure and may be gleaned
from conventional or yet-to-be developed teachings on the subject of air filters. One
example of the air filter 30 used is the P19-1177 air filter cartridge manufactured by

Donaldson Company, Inc, however, any other similarly designed product may be used.

[0028] In the example shown, the support structure 40 comprises a chair 50. In some
embodiments, the support structure 40 may be fabricated from stainless steel or any
other material capable of engaging the air filter 30 and existing within the selected
media 15. As shown in FIG. 1, the support structure 40 is coaxially disposed within the
housing 10 such that it is positioned within the plurality of ultrasonic transducers 20.
Alternatively, the support structure 40 may be disposed anywhere along a radius of the

bottom surface 16. As shown in FIGS. 2A-2C, the chair 50 has an outer chair diameter
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(Do), an interior chair diameter (Dj), a chair height (C), an upper chair surface 51, and
an outer chair surface 53. The chair 50 is generally configured to be operable to support
and/or hold the air filter 30 and receive residue from the air filter 30 when washed
within the ultrasonic wave washing unit 2. The interior chair diameter (D;.) may be any
value between about 50% of the outer chair diameter (0.5 D,.) and about 80% of the
outer chair diameter (0.8 D). In other embodiments, the interior chair diameter (Dj.)
may be any value between about 65% of the outer chair diameter (0.65 Do) and about
76% of the outer chair diameter (0.76 D,.). In the illustrated embodiment, the interior
chair diameter (D;.) is about 30 cm and the outer chair diameter (D) is about 40 cm.
The chair height (C) may be any value between about 10% of the outer chair diameter

(0.1 Do) and about 90% of the outer chair diameter (0.90 D).

[0029] The chair 50 may define outer apertures 54 along and disposed within the outer chair
surface 53 and a plurality of supports 56. Each of the plurality of supports 56 have a
support circumferential width (E) along the bottom of the chair 50. The chair 50 may
define a number (n) outer apertures 54 having an aperture height (B) and an aperture
circumferential width (A), where n is an integer between about 10% of the outer chair
diameter (0.1 D,.) and about 60% of the outer chair diameter (0.6 D). In the illustrated
embodiment, the chair 50 defines four (n=4) outer apertures 54 wherein the aperture
height (B) is about 11 cm and the aperture circumferential width (A) is about 20 cm.
The aperture height (B) may be any value between about 5% the aperture
circumferential width (0.05 A) and about 90% of the chair height (0.9 C). The support
circumferential width (E) may be any value such that the support circumferential width

(E) 1s greater than about 20% of the aperture circumferential width (0.20 A).

[0030] In some embodiments, the media outlet 14 may be disposed at a height (h) along the
housing 10, wherein the height (h) is less than the chair height (C). In other
embodiments, the media outlet 14 may be disposed in other locations along the housing

10 such that the height (h) is equal to or greater than the chair height (C).

[0031] In some embodiments, the support structure 40 may comprise a sleeve 60 that is

generally configured to be operable to engage with the air filter 30 and secure the air
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filter 30 upon the chair 50. Alternatively, the support structure 40 may comprise
portions of the chair 50 configured to directly engage with the air filter 30, such as snap
fit mechanisms, wedges, hasps, etc. In embodiments that include the sleeve 60, the
sleeve 60 extends from the upper chair surface 51 and has a sleeve thickness (Ts), a
sleeve height (H;), and an inner sleeve diameter (D;s). The sleeve thickness (T;) in the
illustrated embodiment is about 5 mm. The sleeve height (H;) may be between about 2%
of the height of the air filter 30 (0.02 hr) and about 15% of the height of the air filter 30
(0.15 hy). In the illustrated embodiment, the sleeve height (H;) is about 3 cm compared
to the selected air filter 30 with a height (h¢) of about 78 cm. The inner sleeve diameter
(Djs) is between the inner chair diameter (D;.) and the outer diameter of the selected air
filter 30 (Dr). In the illustrated embodiment, the sleeve 60 is centered on the upper
chair surface 51 of the chair 50 and has a diameter (Dj,) equal to (D, + Djc)/2 + T,

which equals about 35 cm.

[0032] As shown in FIG. 6, a method 100 of using the ultrasonic wave washing unit 2 is
contemplated. The method 100 comprises providing the ultrasonic wave washing unit 2
comprising the chair 50 shown as 102; placing the air filter 30 in the ultrasonic wave
washing unit 2 shown as 104; applying ultrasonic energy to the air filter 30 from the
ultrasonic wave washing unit 2 to remove residue from the air filter 30 shown as 106;
collecting the residue within the chair 50 shown as 108; and removing the air filter 30

from the ultrasonic wave washing unit 2 shown as 110.

[0033] The housing 10 of the ultrasonic wave washing unit 2 may be filled with the media 15
before or after the placing of the air filter 30 in the ultrasonic wave washing unit 2. In
one example, the media 15 may more specifically comprise solid detergent and de-
ionized water. Alternatively, the media 15 may comprise pure water. Additionally or
alternatively, during one or more of the steps of the method 100, the media 15 may be at
any temperature between room temperature and about 50 °C. Additionally, the different
compositions of the media 15 may be introduced at time intervals after the air filter 30
has been placed in the ultrasonic wave washing unit 2. For example, detergent may be
added to the media 15 five minutes into the step of using the ultrasonic wave washing

unit 2 to apply ultrasonic energy to remove residue from the air filter 30.
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[0034] The ultrasonic wave washing unit 2 to may apply ultrasonic energy to remove residue
from the air filter 30 for any amount of time sufficient to remove residue from the air
filter 30. In some embodiments, the ultrasonic wave washing unit 2 may apply
ultrasonic energy continuously and at a constant amplitude, frequency, power and/or
duration. Alternatively, the ultrasonic wave washing unit 2 may vary the amplitude,

frequency, power and/or duration of the ultrasonic energy provided to the air filter 30.

[0035] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the
claimed subject matter belongs. The terminology used in the description herein is for
describing particular embodiments only and is not intended to be limiting. As used in
the specification and appended claims, the singular forms “a,” “an,” and “the” are

intended to include the plural forms as well, unless the context clearly indicates

otherwise.

[0036] It is noted that terms like “preferably,” “generally,” and “typically” are not utilized
herein to limit the scope of the appended claims or to imply that certain features are
critical, essential, or even important to the structure or function of the claimed subject
matter. Rather, these terms are merely intended to highlight alternative or additional

features that may or may not be utilized in a particular embodiment.

[0037] It is noted that the terms "substantially” and "about" may be utilized herein to
represent the inherent degree of uncertainty that may be attributed to any quantitative
comparison, value, measurement, or other representation. These terms are also utilized
herein to represent the degree by which a quantitative representation may vary from a
stated reference without resulting in a change in the basic function of the subject matter

at issue.

[0038] Certain terminology is used in the disclosure for convenience only and is not limiting.
The words such as "left", "right", "front", "back", "upper", and "lower" designate
directions in the drawings to which reference is made. The terminology includes the

words noted above as well as derivatives thereof and words of similar import.
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[0039] While particular embodiments have been illustrated and described herein, it should be
understood that various other changes and modifications may be made without
departing from the spirit and scope of the claimed subject matter. Moreover, although
various aspects of the claimed subject matter have been described herein, such aspects
need not be utilized in combination. It is therefore intended that the appended claims
cover all such changes and modifications that are within the scope of the claimed

subject matter.
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CLAIMS

1. An ultrasonic wave washing unit comprising:

a power source;

a housing comprising a media inlet, a media outlet, and a bottom surface;

a plurality of ultrasonic transducers coupled to the power source and disposed
about and extending from the bottom surface within the housing; and

a support structure comprising a chair, wherein the support structure is disposed
within the housing within the plurality of ultrasonic transducers;

wherein the chair is operable to hold an air filter and receive residue from the air
filter when the air filter washed within the ultrasonic wave washing unit, wherein the

chair is configured to evacuate residue from the housing through the media outlet.

2. The ultrasonic wave washing unit of claim 1, wherein the chair

comprises supports and defines apertures through which the received residue may flow.

3. The ultrasonic wave washing unit of claim 2, wherein the chair

comprises four supports and defines four apertures.

4. The ultrasonic wave washing unit of claim 1, wherein the chair

comprises stainless steel.

5. The ultrasonic wave washing unit of claim 1, wherein the support

structure is coaxially disposed within the housing.

6. The ultrasonic wave washing unit of claim 1, wherein the media inlet and

the media outlet are the same element.

7. The ultrasonic wave washing unit of claim 1, wherein the plurality of
ultrasonic transducers emit ultrasonic energy with a distinct amplitude, frequency,

power and/or duration.
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8. The ultrasonic wave washing unit of claim 1, wherein the ultrasonic

transducers are evenly spaced within the housing.

0. The ultrasonic wave washing unit of claim 1, wherein the support
structure further comprises a sleeve operable to engage with the air filter and secure the

air filter within the chair.

10. The ultrasonic wave washing unit of claim 1, wherein the media outlet is

disposed below the support structure.

11. An ultrasonic cleaning system comprising:
a media source;
a power source;
an ultrasonic wave washing unit, wherein the ultrasonic wave washing unit
comprises:

a housing comprising a media inlet in communication with the media
source, a media outlet, and a bottom surface;

a plurality of ultrasonic transducers coupled to the power source and
disposed about and extending from the bottom surface within the housing; and

a support structure comprising a chair and a sleeve, wherein the support
structure is coaxially disposed within the housing within the plurality of
ultrasonic transducers;

wherein the chair is operable to hold an air filter and receive residue
from the air filter when washed within the ultrasonic wave washing unit;

wherein the chair is configured to evacuate residue from the housing
through the media outlet; and

wherein the sleeve is operable to engage with the air filter and secure the

air filter within the chair.
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12. The ultrasonic cleaning system of claim 11, further comprising a

transducer control unit.

13.  The ultrasonic cleaning system of claim 12, wherein the transducer

control unit is coupled to the power source.

14.  The ultrasonic cleaning system of claim 11, wherein the media outlet is

in communication with the media source.

15. A method for cleaning an air filter, comprising:

providing an ultrasonic wave washing unit comprising a housing, a chair, and a
media outlet;

placing an air filter in the ultrasonic wave washing unit;

using the chair to hold the air filter in the ultrasonic wave washing unit;

applying ultrasonic energy to the air filter from the ultrasonic wave washing unit
to remove residue from the air filter;

collecting residue within the chair configured to evacuate residue from the
housing through the media outlet;

evacuating residue from the chair through the media outlet; and

removing the air filter from the ultrasonic wave washing unit.

16. The method of claim 15, further comprising the step of filling the

ultrasonic wave washing unit with media.

17. The method of claim 16, wherein the ultrasonic wave washing unit is

filled with media before the air filter is placed in the ultrasonic wave washing unit.

18. The method of claim 16, wherein the ultrasonic wave washing unit is

filled with media after the air filter is placed in the ultrasonic wave washing unit.
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19. The method of claim 16, further comprising adding detergent to the

media after a time delay.

20. The method of claim 16, wherein the media is held at a controlled

5  temperature.





