wo 2012/162476 A1 I} I N1 000 0 O O O

(43) International Publication Date
29 November 2012 (29.11.2012)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/162476 Al

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
B03C 3/70 (2006.01) B03C 3/86 (2006.01)

International Application Number:
PCT/US2012/039300

International Filing Date:
24 May 2012 (24.05.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/489,533 24 May 2011 (24.05.2011) US

Applicant (for all designated States except US): CARRI-
ER CORPORATION [US/US]; 1 Carrier Place, Farming-
ton, CT 06034 (US).

Inventors; and

Inventors/Applicants (for US only): MCKINNEY, Peter
Johannes [US/US]; 410 S. Arthur Ave., Louisville, CO
80027 (US). BOWMAN, Ronald L. [US/US]; 410 S. Ar-
thur Ave., Louisville, CO 80027 (US).

Agent: WIMPE, James E.; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Hartford, CT 06103 (US).

(84)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: ELECTRODE SUPPORT FOR ELECTRICALLY-ENHANCED AIR FILTRATION SYSTEM

(57) Abstract: An electrode support for an electrode of an
electrically-enhanced air filtration system includes a conduct-
or extending through the electrode support and electrically
connectible to the electrode and to a power supply. An insu-
lative layer is located around the conductor and the electrode
support is configured to position the electrode in a frame of
the air filtration system. An air filtration system includes a
frame directing an airflow through the air filtration system
and an electrode located in the frame. An electrode support
positions the electrode in the frame and includes a conductor
extending through the electrode support and electrically con-
nected to the electrode and an insulative layer located around
the conductor. An electrical power supply is electrically con-
nected to the conductor to provide electrical power to the
electrode.



wO 2012/162476 A1 L0V OO

— as to the applicant's entitlement to claim the priority of —  before the expiration of the time limit for amending the
the earlier application (Rule 4.17(iii)) claims and to be republished in the event of receipt of
—  of inventorship (Rule 4.17(iv)) amendments (Rule 48.2(h))

Published:
—  with international search report (Art. 21(3))



WO 2012/162476 PCT/US2012/039300

ELECTRODE SUPPORT FOR ELECTRICALLY-ENHANCED AIR FILTRATION
SYSTEM

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to air filtration systems. More
specifically, the subject disclosure relates to supports for high voltage electrodes in
electrically-enhanced air filtration systems.

[0002] In air filtration systems, for example, electrically enhanced air filtration
systems, electrostatic filters installed in the systems collect impurities in an airflow through
the system before the airflow is circulated through a space such as a home or other building.
In such systems, high voltage electrodes, also referred to as “ionization arrays” are positioned
upstream of the electrostatic filters and ionize the airflow via a high voltage flow across the
ionization array. The ionization array is typically held in position in a housing or frame of the
system by a number of insulating supports. Further, power is delivered to the ionization array
from a high voltage power supply by a power cable connected to the ionization array. When
these supporting structures and connections accumulate dirt and/or moisture or other
contaminants, electrical charge can unintentionally leak from the ionization array to ground
or to other system elements. Such leakage may occur over the outside of the insulation of the
power cable. Leakage current may reduce the effectiveness of the system or render it
inoperable, and can be a safety hazard by the introduction of high voltage and electrical

current to portions of the system that were never intended to handle such conditions.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to one aspect of the invention, an electrode support for an electrode
of an electrically-enhanced air filtration system includes a conductor extending through the
electrode support and electrically connectible to the electrode and to a power supply. An
insulative layer is located around the conductor and the electrode support is configured to
position the electrode in a frame of the air filtration system.

[0004] According to another aspect of the invention, an air filtration system includes
a frame directing an airflow through the air filtration system and an electrode located in the
frame. An electrode support positions the electrode in the frame and includes a conductor

extending through the electrode support and electrically connected to the electrode and an
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insulative layer located around the conductor. An electrical power supply is electrically
connected to the conductor to provide electrical power to the electrode.
[0005] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0007] FIG. 1 schematically illustrates an embodiment of an air filtration system;

[0008] FIG. 2 is a schematic cross-sectional view of an embodiment of an air
filtration system;

[0009] FIG. 3 is a perspective view of an embodiment of an electrode support
installed in an air filtration system;

[0010] FIG. 4 is a cross-sectional view of an embodiment of an electrode support; and

[0011] FIG. 5 is a perspective view of an embodiment of an electrode support.

[0012] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Shown in FIG. 1 is a view of an embodiment of an air filtration system 10.
The air filtration system 10 of FIG. 1 is an electrically enhanced air filtration system 10, but it
is to be appreciated that utilization of the present invention with other types of air filtration
systems 10 having replaceable filters and/or electrodes is contemplated within the present
scope.

[0014] The air filtration system 10 includes a field enhancement module (FEM) 12,
shown exploded in FIG. 1. The FEM 12 includes a frame 14. The frame 14 is configured to
arrange the components of the FEM 12 which are secured therein. At an upstream end 16 of
the FEM 12, relative to an airflow direction 18 of air through the filtration system 10 is, in
some embodiments, a safety screen 20 which may also act as an upstream ground for the
FEM 12. Downstream of the safety screen 20 is an electrode, also known as an ionization
array 22, and a field-generating array 24 located downstream of the ionization array 22. The

ionization array 22 is an array of points sufficiently sharp such as to produce corona
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discharge when a pre-determined voltage is applied. For example, the ionization array may
comprise a plurality of thin wires, barbed wires, or any structure capable of producing the
corona needed to yield ions. The field- generating array 24 and the ionization array 22 are
both connected to and powered by a high voltage power supply 26. A media filter 28 is
disposed in the frame 14 downstream of the field-generating array 24. Further, some
embodiments may include a downstream conductive electrode 70, which acts as a ground for
the ionization array 22 and further provides a sink or drain for ionic current flowing into the
media filter 28. This allows more current to flow into the filter 28 via corona discharge from
the ionization array 22. It is to be appreciated that while a field-generating array 24 is
included in the system 10 described herein, in some embodiments, the field generating array
24 may be omitted.

[0015] Referring now to FIG. 2, when the power supply 26 is activated, the ionization
array 22 ionizes particles 30 in an airstream 32 passing through the FEM 12. The voltage
across the field-generating array 24 polarizes media fibers 34 of the media filter 28, which
causes the ionized particles 30 to be attracted to and captured by the media fibers 34. It is to
be appreciated that, in some embodiments, the field-generating array is not required and the
ionized gas (air) charges the filter media, which renders the fibers electrostatically attractive
to the particles 30 whether they be charged or not.

[0016] Referring to FIG. 3, the ionization array 22 is positioned and retained in the
frame 14 by one or more electrode supports 36. As shown, some embodiments include four
electrode supports 36, but it is to be appreciated that other numbers of electrode supports 36,
for example, two or three electrode supports 36, may be utilized. At least one of the electrode
supports 36 deliver electrical power to the ionization array 22, rather than the system 10
utilizing a separate power connection to the ionization array 22 as in the prior art. Referring
now to FIG. 4, to deliver electrical power to the ionization array 22, the electrode support 36
includes a conductor 38, which in some embodiments is a metal rod, extending through the
electrode support 36 and electrically connected to the ionization array 22 and to the power
supply 26.

[0017] In some embodiments, the conductor 38 is at least partially encapsulated in an
insulative layer 40 or, for example, silicone or EPDM rubber. The use of a silicone or similar
material improves the insulation performance of the electrode support 36, especially in wet
conditions. Further the electrode support 36 may include a number of sheds 42 arranged
along an axial length of the electrode support 36, and extending radially outwardly therefrom.

The sheds 42 create a long tracking path for current leak off from the ionization array 22,
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thereby improving insulation of the ionization array 22 even in wet or dirty conditions. The
sheds 42 may be constructed of the same material, for example silicone, as the rest of the
body of the electrode support 36, or they may alternatively contain internal support discs of
another more rigid material such as a hard plastic, or other substantially non-conductive
material. The sheds 42 may further be formed in a variety of suitable shapes, for example,
circular discs as shown, and/or include spokes, waves and/or undulations to further lengthen
the tracking path.

[0018] The conductor 38 is electrically connected to the ionization array 22 by, for
example, a screw 44 or other connection means. In some embodiments, the electrode support
36 is secured at the frame 14 via a connector 46 disposed at the frame 14. In some
embodiments, the connector 46 is formed of a hard plastic material, and is secured to the
frame 14 via a suitable means, such as one or more clamps or mechanical fasteners (not
shown). In other embodiments, the connector 46 is secured to the frame 14 by a press fit in an
opening in the frame 14, or other means. As shown, the electrode support 36 may include a
plurality of support ribs 48 extending from a support base 50. The support ribs 48 mesh with
a plurality of complimentary connector ribs 52 at the connector 46 to create a long path
length and resist electrical tracking on the surface of the connector 46. In some embodiments,
the support ribs 48 and/or the connector ribs 52 may be tapered along their length to act as
guides for assembly and/or connector 46 closure. In some embodiments, as shown in FIG. 5,
the connector ribs 52 are a number of concentric rings which engage with complimentary
ring-shaped support ribs 48. Even though ring-shaped connector ribs 52 are shown in FIG. 5,
it is to be appreciated that that shape is merely exemplary and that other shapes, for example,
hexagonal, oval, elliptical or the like may be used. In some embodiments, the support ribs 48
are formed from a soft plastic material such as silicone. Thus, when the support ribs 48
engage with the connector ribs 52, the support ribs 48 conform to the space between the
connector ribs 52 and provide a seal to keep contaminants such as moisture and dirt out of the
connection. In other embodiments the outer ring on either of the mating annular ribbed
surfaces may be slightly taller than the inner rings, thereby producing a seal to keep
contaminants and moistures out away from the inner ribs.

[0019] Referring again to FIG. 4, in some embodiments, the connector 46 includes an
intermediate connector 54 to connect the conductor 38 to the power supply 26 when the
electrode support 36 is secured to the insulator 46. The intermediate connector 54 includes a

plunger 56 which is biased by a spring 58 into an insulator opening 60 and electrically
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connected to the power supply 26. When the electrode support 36 is installed at the connector
46, the spring-loaded plunger 56 in opening 60 maintains positive contact with conductor 38.

[0020] In some embodiments, the connector 46 is part of a removable assembly, for
example, an access door 72 of the system 10 that contains the power supply 26. This allows
for quick and easy removal of the connector 46 and power supply 26 so that the frame 14 and
remainder of the system 10 may be easily cleaned, with water if desired.

[0021] Connecting the power supply 26 to the ionization array 22 via the conductor
38 in the electrode support 36 eliminates the need for a separate connection arrangement of
the power supply 26 to the ionization array 22. Elimination of the separate connection
reduces potential points for current leak-off from the ionization array 22.

[0022] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. An electrode support for an electrode of an electrically-enhanced air filtration
system comprising:

a conductor extending through the electrode support and electrically
connectible to the electrode and to a power supply; and

an insulative layer disposed around the conductor;

the electrode support configured to position the electrode in a frame of the air
filtration system.

2. The electrode support of Claim 1, further comprising a plurality of support ribs
configured to engage with a plurality of connector ribs disposed at one of the frame or an
access door to create a an electrical connection with a surrounding connector having a long
path length.

3. The electrode support of Claim 2, wherein the plurality of support ribs are
substantially circular.

4. The electrode support of Claim 1, wherein the electrode support includes one or
more sheds extending radially outwardly from a central axis of the electrode support.

5. The electrode support of Claim 4, wherein the one or more sheds include one or
more of spokes, waves or undulations.

6. The electrode support of Claim 1, wherein the conductor is electrically
connectible to the electrode via a mechanical fastener.

7. The electrode support of Claim 1, wherein the conductor is electrically
connectible to the power supply via a spring-loaded plunger connection.

8. An air filtration system comprising:

a frame directing an airflow through the air filtration system; and
an electrode disposed in the frame;
an electrode support to position the electrode in the frame including:
a conductor extending through the electrode support and electrically
connected to the electrode; and
an insulative layer disposed around the conductor; and
an electrical power supply electrically connected to the conductor to provide
electrical power to the electrode.
9. The air filtration system of Claim 8, wherein the electrode support further

includes a plurality of support ribs configured to engage with a plurality of connector ribs
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disposed at one of the frame or an access door to create an electrical connection with a
surrounding connector having a long path length.

10. The air filtration system of Claim 9, wherein the plurality of connector ribs are
disposed at a connector secured to the frame.

11. The air filtration system of Claim 10, wherein the connector is formed from one
of silicone or EPDM rubber.

12. The air filtration system of Claim 9, wherein the plurality of support ribs are
substantially circular.

13. The air filtration system of Claim 9, wherein the one or more of the plurality of
connector ribs and the plurality of support ribs are tapered along their length.

14. The air filtration system of Claim 9, wherein the plurality of support ribs and the
plurality of connector ribs form a seal therebetween.

15. The air filtration system of Claim 14, wherein the seal is formed between an
outermost support rib of the plurality of support ribs and an outermost connector rib of the
plurality of connector ribs.

16. The air filtration system of Claim 8 including a spring-loaded plunger electrical
connection between the electrode and the power supply.

17. The air filtration system of Claim 8, wherein the electrode support includes on or
more sheds extending radially outwardly from a central axis of the electrode support.

18. The air filtration system of Claim 17, wherein the one or more sheds include one
or more of spokes, waves or undulations.

19. The air filtration system of Claim 8, wherein the conductor is electrically

connectible to the electrode via a mechanical fastener.
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