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(57) ABSTRACT 

Electro-kinetic air transporter and conditioner systems and 
methods are provided. A system includes at least one ernitter 
electrode and at least a one collector (and likely, at least a 
pair of collector electrodes) that are downstream from the 
emitter electrode. An insulated driver electrode is located 
adjacent a collector electrode, and Where there is at least a 
pair of collector electrodes, betWeen each pair of collector 
electrodes. A high voltage source provides a voltage poten 
tial to the at least one of the emitter electrode and the 
collector electrode(s), to thereby provide a potential differ 
ent therebetWeen. The insulated driver electrode(s) may or 
may not be at a same voltage potential as the emitter 
electrode, but should be at a different voltage potential than 
the collector electrode(s). 
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ELECTRO-KINETIC AIR TRANSPORTER AND 
CONDITIONER DEVICES WITH INSULATED 

DRIVER ELECTRODES 

PRIORITY CLAIM 

[0001] The present application claims priority under 35 
U.S.C. 119(e) to US. Provisional Patent Application No. 
60/500,437, ?led Sep. 5, 2003, entitled “Electro-Kinetic Air 
Transporter and Conditioner Devices with Insulated Driver 
Electrodes.” 

CROSS-REFERENCE TO RELATED ART 

[0002] The present invention is related to the following 
patent applications and patent, each of which is incorporated 
herein by reference: US. patent application Ser. No. 10/074, 
207, ?led Feb. 12, 2002, entitled “Electro-Kinetic Air Trans 
porter-Conditioner Devices with Interstitial Electrode”; US. 
patent application Ser. No. 10/074,827, ?led Feb. 12, 2002, 
“Electro-Kinetic Air Transporter-Conditioner with Non 
Equidistant Collector Electrodes”; and US. Pat. No. 6,176, 
977, entitled “Electro-Kinetic Air Transporter-Conditioner”. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to devices 
that electro-kinetically transport and/or condition air. 

BACKGROUND OF THE INVENTION 

[0004] It is known in the art to produce an air?ow using 
electro-kinetic techniques, by which electrical power is 
converted into a How of air without mechanically moving 
components. One such system was described in US. Pat. 
No. 4,789,801 to Lee (1988), depicted herein in simpli?ed 
form as FIG. 1. System 100 includes a ?rst array 110 of 
emitter electrodes 112 that are spaced-apart symmetrically 
from a second array 120 of collector electrodes 122. The 
positive terminal of a high voltage pulse generator 140 that 
outputs a train of high voltage pulses (e.g., 0 to perhaps +5 
KV) is coupled to the ?rst array 110, and the negative pulse 
generator terminal is coupled to the second array 120 in this 
eXample. 
[0005] The high voltage pulses ioniZe the air between 
arrays 110 and 120, and create an air?ow 150 from the ?rst 
array 110 toward the second array 120, without requiring 
any moving parts. Particulate matter 160 in the air is 
entrained within the air?ow 150 and also moves towards the 
collector electrodes 122. Some of the particulate matter is 
electrostatically attracted to the surfaces of the collector 
electrodes 122, where it remains, thus conditioning the How 
of air eXiting system 100. Further, the corona discharge 
produced between the electrode arrays can release oZone 
into the ambient environment, which can eliminate odors 
that are entrained in the air?ow, but is generally undesirable 
in eXcess quantities. 

[0006] In a further embodiment of Lee shown herein as 
FIG. 2, a third array 230 includes passive collector elec 
trodes 232 that are positioned midway between each pair of 
collector electrodes 122. According to Lee, these passive 
collector electrodes 232, which were described as being 
grounded, increase precipitation efficiency. However, 
because the grounded passive collector electrodes 232 (also 
referred to hereafter as driver electrodes) are located close to 
adjacent negatively charged collector electrodes 122, unde 

Mar. 10, 2005 

sirable arcing (also known as breakdown or sparking) will 
occur between collector electrodes 122 and driver electrodes 
232 if the potential difference therebetween is too high, or if 
a carbon path is produced between an electrode 122 and an 
electrode 232 (e.g., due to a moth or other insect that got 
stuck between an electrode 122 and electrode 232). It is also 
noted that driver electrodes are sometimes referred to as 
interstitial electrodes because they are situated between 
other (i.e., collector) electrodes. 

[0007] Increasing the voltage difference between the emit 
ter electrodes 112 and the collector electrodes 122 is one 
way to further increase particle collecting efficiency and air 
?ow rate. However, the eXtent that the voltage difference can 
be increased is limited because arcing will eventually occur 
between the collector electrodes 122 and the driver elec 
trodes 232. Such arcing will typically decrease the collecting 
ef?ciency of the system, as well as produce an unpleasant 
odor. 

[0008] Accordingly, there is a desire to improve upon 
eXisting electro-kinetic techniques. More speci?cally there 
is a desire to increase particle collecting efficiency and 
air?ow rate, and to reduce arcing between electrodes. 

SUMMARY OF THE PRESENT INVENTION 

[0009] Embodiments of the present invention are related 
to electro-kinetic air transporter-conditioner systems and 
methods. In accordance with an embodiment of the present 
invention, a system includes at least one emitter electrode 
and at least one collector electrode that is downstream from 
the emitter electrode. An insulated driver electrode is located 
adjacent the collector electrode. A high voltage source 
provides a voltage potential to at least one of the emitter 
electrode and the collector electrode to thereby provide a 
potential different therebetween. The insulated driver elec 
trode(s) may or may not be at a same voltage potential as the 
emitter electrode, but should be at a different voltage poten 
tial than the collector electrode. 

[0010] The insulation (i.e., dielectric material) on the 
driver electrodes allows the voltage potential to be increased 
between the driver and collector electrodes, to a voltage 
potential that would otherwise cause arcing if the insulation 
were not present. This increased voltage potential increases 
particle collection ef?ciency. Additionally, the insulation 
will reduce, and likely prevent, any arcing from occurring if 
a carbon path is formed between the collector and driver 
electrodes, e.g., due to an insect getting caught therebe 
tween. 

[0011] In accordance with an embodiment of the present 
invention, the emitter electrode(s) and the insulated driver 
electrode(s) are grounded, while the high voltage source is 
used to provide a high voltage potential to the collector 
electrode(s) (e.g., —16 KV). This is a relatively easy embodi 
ment to implement since the high voltage source need only 
provide one polarity. 

[0012] In accordance with an embodiment of the present 
invention, the emitter electrode(s) is at a ?rst voltage poten 
tial, the collector electrode(s) is at a second voltage potential 
different than the ?rst voltage potential, and the insulated 
driver electrode is at a third voltage potential different than 
the ?rst and second voltage potentials. One of the ?rst, 
second and third voltage potentials can be ground, but need 
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not be. Other variations, such as the emitter and driver 
electrodes being at the same potential (ground or otherWise) 
are Within the scope of the invention. 

[0013] In accordance With an embodiment of the present 
invention, the emitter electrode(s) may be generally equi 
distant from the upstream ends of the closest pair of collector 
electrodes. In other embodiments, certain emitter electrodes 
are moved outWard to thereby adjust the electric ?elds 
produced betWeen the emitter electrodes and the collector 
electrodes, and thus establish a non-equidistant relationship. 

[0014] In accordance With an embodiment of the present 
invention, an the upstream end of each insulated driver 
electrode is set back a distance from the upstream end of the 
collector electrode(s). 

[0015] Each insulated driver electrode includes an under 
lying electrically conductive electrode that is covered With, 
for example, a dielectric material. The dielectric material 
can be, for example, a heat shrink tubing material or an 
insulating varnish type material. In accordance With an 
embodiment of the present invention, the dielectric material 
is coated With an oZone reducing catalyst. In accordance 
With another embodiment of the present invention, the 
dielectric material includes or is an oZone reducing catalyst. 

[0016] The embodiments as describe above have some or 
all of the advantages of increasing the particle collection 
ef?ciency, increasing the rate and/or volume of air?oW, 
reducing arcing, and/or reducing the amount of oZone gen 
erated. Further, ions generated using many of the embodi 
ments of the present invention Will be more of the negative 
variety as opposed to the positive variety. 

[0017] In accordance With an embodiment of the present 
invention, an insulated driver electrode includes generally 
?at elongated sides that are generally parallel With the 
adjacent collector electrode(s). Alternatively, an insulated 
driver electrode can include one, or preferably a roW of, 
insulated Wire-shaped electrodes. 

[0018] Other features and advantages of the invention Will 
appear from the folloWing description in Which the preferred 
embodiments have been set forth in detail, in conjunction 
With the accompanying draWings and claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] FIG. 1 illustrates schematically, a prior art electro 
kinetic conditioner system. 

[0020] FIG. 2 illustrates schematically, a further prior art 
electro-kinetic conditioner system. 

[0021] FIG. 3 illustrates schematically, an electro-kinetic 
conditioner system according to an embodiment of the 
present invention. 

[0022] FIG. 4 illustrates schematically, an electro-kinetic 
conditioner system according to another embodiment of the 
present invention. 

[0023] FIG. 5 illustrates schematically, an electro-kinetic 
conditioner system according to a further embodiment of the 
present invention. 

[0024] FIG. 6 illustrates exemplary electrostatic ?eld lines 
produced using embodiments of the present invention. 
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[0025] FIG. 7 illustrates the relative distances betWeen 
various electrodes of the electro-kinetic conditioner systems 
of the present invention. 

[0026] FIG. 8 illustrates schematically, an electro-kinetic 
conditioner system according to a further embodiment of the 
present invention Where additional emitter electrodes are 
used. 

[0027] FIG. 9 illustrates schematically, an electro-kinetic 
conditioner system according to an embodiment of the 
present invention, Where the location of the emitter elec 
trodes are adjusted to change the electric ?eld distribution. 

[0028] FIG. 10 illustrates schematically, an electro-kinetic 
conditioner system according to an embodiment of the 
present invention, Where the location of the collector elec 
trodes are adjusted to change the electric ?eld distribution. 

[0029] FIG. 11 illustrates the use of a oZone reducing 
catalyst over the insulation of the insulating driver elec 
trodes of the present invention. 

[0030] FIG. 12 illustrates schematically, an electro-kinetic 
conditioner system according to an embodiment of the 
present invention, Where the insulated driver electrodes are 
Wire-like. 

[0031] FIGS. 13A and 13B illustrates an electro-kinetic 
conditioner system, according to an embodiment of the 
present invention, Wherein the collector electrodes are 
U-shaped. 
[0032] FIG. 14 illustrates a perspective vieW of an electro 
kinetic conditioner unit, according to an embodiment of the 
present invention. 

[0033] FIG. 15 is block diagram shoWing an exemplary 
implementation of a high voltage source that can be used 
With embodiments of the present invention. 

[0034] FIG. 16 is graph that is useful for shoWing hoW 
embodiments of the present invention can be used to 
increase particle collection efficiency. 

DETAILED DESCRIPTION 

[0035] FIG. 3 illustrates schematically, an electro-kinetic 
conditioner system 300 according to an embodiment of the 
present invention. The system includes a ?rst array 310 (i.e., 
emitter array) of emitter electrodes 312, a second array 320 
(i.e. collector array) of collector electrodes 322 and a third 
array 330 of insulated driver electrodes 330. In this embodi 
ment, the ?rst array 310 is shoWn as being connected to a 
positive terminal of a high voltage source 340, and the 
second array 320 is shoWn as being connected to a negative 
terminal of the high voltage source 340. The third array 330 
of insulated driver electrodes 332 are shoWn as being 
grounded. 
[0036] Each insulated driver electrode 332 includes an 
electrically conductive electrode 334 that is covered by a 
dielectric material 336. In accordance With an embodiment 
of the present invention, the dielectric material 336 is heat 
shrink tubing. During manufacture, the heat shrink tubing is 
placed over the driver electrodes 334 and then heated, Which 
causes the tubing to shrink to the shape of the driver 
electrodes 334. An exemplary heat shrinkable tubing is type 
FP-301 ?exible polyole?n tubing available from 3M of St. 
Paul, Minn. 




















