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(57) ABSTRACT 

An electro-kinetic electro-static air conditioner includes a 
mechanism to clean the Wire-like electrodes in the ?rst 
electrode array. A length of ?exible Mylar type sheet mate 
rial projects from the base of the second electrode array 
toWards and beyond the ?rst electrode array. The distal end 
of each sheet includes a slit that engages a corresponding 
Wire-like electrode. As a user moves the second electrode 
array up or doWn Within the conditioner housing, friction 
betWeen slit edges and the Wire-like electrode cleans the 
electrode surface. The sheet material may be biasedly piv 
otably attached to the base of the second electrode array, and 
may be urged aWay from and parallel to the Wire-like 
electrodes When the conditioner is in use. Another embodi 
ment includes a bead-like member having a through opening 
or channel, through Which the Wire-like electrode passes. As 
the conditioner is turned upside doWn and rightside up, 
friction betWeen the opening in the bead-like member and 
Wire-like electrode cleans the electrode surface. The bead 
like member may be made of ceramic, glass, or even metal. 
The through channel may be symmetrically formed in the 
bead-like member, but preferably Will be asymmetrical to 
create a mechanical moment and increased friction With the 
surface of the Wire-like electrode being cleaned. 
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ELECTRODE SELF-CLEANING MECHANISM 
FOR ELECTRO-KINETIC AIR 

TRANSPORTER-CONDITIONER DEVICES 

RELATION TO PENDING APPLICATION 

[0001] This application is a continuation-in-part from US. 
application Ser. No. 09/186,471, ?led Nov. 5, 1998, entitled 
Electro-Kinetic Air Transporter-Conditioner, and assigned 
to the assignee herein. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to devices that 
produce oZone and an electro-kinetic How of air from Which 
particulate matter has been substantially removed, and more 
particularly to cleaning the Wire or Wire-like electrodes 
present in such devices. 

BACKGROUND OF THE INVENTION 

[0003] The use of an electric motor to rotate a fan blade to 
create an air How has long been knoWn in the art. Unfortu 
nately, such fans produce substantial noise, and can present 
a haZard to children Who may be tempted to poke a ?nger or 
a pencil into the moving fan blade. Although such fans can 
produce substantial air ?oW, e.g., 1,000 ft3/minute or more, 
substantial electrical poWer is required to operate the motor, 
and essentially no conditioning of the ?oWing air occurs. 

[0004] It is knoWn to provide such fans With a HEPA 
compliant ?lter element to remove particulate matter larger 
than perhaps 0.3 pm. Unfortunately, the resistance to air ?oW 
presented by the ?lter element may require doubling the 
electric motor siZe to maintain a desired level of air?oW. 
Further, HEPA-compliant ?lter elements are expensive, and 
can represent a substantial portion of the sale price of a 
HEPA-compliant ?lter-fan unit. While such ?lter-fan units 
can condition the air by removing large particles, particulate 
matter small enough to pass through the ?lter element is not 
removed, including bacteria, for example. 

[0005] It is also knoWn in the art to produce an air ?oW 
using electro-kinetic techniques, by Which electrical poWer 
is directly converted into a How of air Without mechanically 
moving components. One such system is described in US. 
Pat. No. 4,789,801 to Lee (1988), depicted herein in sim 
pli?ed form as FIGS. 1A and 1B. Lee’s system 10 includes 
an array of small area (“minisectional”) electrodes 20 that is 
spaced-apart symmetrically from an array of larger area 
(“maxisectional”) electrodes 30. The positive terminal of a 
pulse generator 40 that outputs a train of high voltage pulses 
(e.g., 0 to perhaps +5 KV) is coupled to the minisectional 
array, and the negative pulse generator terminal is coupled 
to the maxisectional array. 

[0006] The high voltage pulses ioniZe the air betWeen the 
arrays, and an air How 50 from the minisectional array 
toWard the maxisectional array results, Without requiring 
any moving parts. Particulate matter 60 in the air is entrained 
Within the air?oW 50 and also moves toWards the maxisec 
tional electrodes 30. Much of the particulate matter is 
electrostatically attracted to the surface of the maxisectional 
electrode array, Where it remains, thus conditioning the How 
of air exiting system 10. Further, the high voltage ?eld 
present betWeen the electrode arrays can release oZone into 
the ambient environment, Which appears to destroy or at 
least alter Whatever is entrained in the air?oW, including for 
example, bacteria. 
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[0007] In the embodiment of FIG. 1A, minisectional 
electrodes 20 are circular in cross-section, having a diameter 
of about 0.003“ (0.08 mm), Whereas the maxisectional 
electrodes 30 are substantially larger in area and de?ne a 
“teardrop” shape in cross-section. The ratio of cross-sec 
tional radii of curvature betWeen the maxisectional and 
minisectional electrodes is not explicitly stated, but from 
Lee’s ?gures appears to exceed 10:1. As shoWn in FIG. 1A 
herein, the bulbous front surfaces of the maxisectional 
electrodes face the minisectional electrodes, and the some 
What sharp trailing edges face the exit direction of the air 
?oW. The “sharpened” trailing edges on the maxisectional 
electrodes apparently promote good electrostatic attachment 
of particular matter entrained in the air?oW. Lee does not 
disclose hoW the teardrop shaped maxisectional electrodes 
are fabricated, but presumably they are produced using a 
relatively expensive mold-casting or an extrusion process. 

[0008] In another embodiment shoWn herein as FIG. 1B, 
Lee’s maxisectional sectional electrodes 30 are symmetrical 
and elongated in cross-section. The elongated trailing edges 
on the maxisectional electrodes provide increased area upon 
Which particulate matter entrained in the air?oW can attach. 
Lee states that precipitation efficiency and desired reduction 
of anion release into the environment can result from 
including a passive third array of electrodes 70. Understand 
ably, increasing ef?ciency by adding a third array of elec 
trodes Will contribute to the cost of manufacturing and 
maintaining the resultant system. 

[0009] While the electrostatic techniques disclosed by Lee 
are advantageous over conventional electric fan-?lter units, 
Lee’s maxisectional electrodes are relatively expensive to 
fabricate. Further, increased ?lter ef?ciency beyond What 
Lee’s embodiments can produce Would be advantageous, 
especially Without including a third array of electrodes. 

[0010] The invention in appilcants’ parent application 
provided a ?rst and second electrode array con?guration 
electro-kinetic air transporter-conditioner having improved 
ef?ciency over Lee-type systems, Without requiring expen 
sive production techniques to fabricate the electrodes. The 
condition also permitted user-selection of safe amounts of 
oZone to be generated. 

[0011] The second array electrodes Were intended to col 
lect particulate matter, and to be user-removable from the 
transporter-conditioner for regular cleaning to remove such 
matter from the electrode surfaces. The user must take care, 
hoWever, to ensure that if the second array electrodes Were 
cleaned With Water, that the electrodes are thoroughly dried 
before reinsertion into the transporter-conditioner unit. If the 
unit Were turned on While moisture from neWly cleaned 
electrodes Was alloWed to pool Within the unit, and moisture 
Wicking could result in high voltage arcing from the ?rst to 
the second electrode arrays, With possible damage to the 
unit. 

[0012] The Wire or Wire-like electrodes in the ?rst elec 
trode array are less robust than the second array electrodes. 
(The terms “Wire” and “Wire-like” shall be used interchange 
ably herein to mean an electrode either made from a Wire or, 
if thicker or stiffer than a Wire, having the appearance of a 
Wire.) In embodiments in Which the ?rst array electrodes 
Were user-removable from the transporter-conditioner unit, 
care Was required during cleaning to prevent excessive force 
from simply snapping the Wire electrodes. But eventually 
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the ?rst array electrodes can accumulate a deposited layer or 
coating of ?ne ash-like material. 

[0013] If this deposit is alloWed to accumulate eventually 
ef?ciency of the conditioner-transporter Will be degraded. 
Further, for reasons not entirely understood, such deposits 
can produce an audible oscillation that can be annoying to 
persons near the conditioner-transporter. 

[0014] Thus there is a need for a mechanism by a condi 
tioner-transporter unit can be protected against moisture 
pooling in the unit as a result of user cleaning. Further there 
is a need for a mechanism by Which the Wire electrodes in 
the ?rst electrode array of a conditioner-transporter can be 
periodically cleaned. Preferably such cleaning mechanism 
should be straightforward to implement, should not require 
removal of the ?rst array electrodes from the conditioner 
transporter, and should be operable by a user on a periodic 
basis. 

[0015] The present invention provides such a method and 
apparatus. 

SUMMARY OF THE PRESENT INVENTION 

[0016] Applicants’ parent application provides an electro 
kinetic system for transporting and conditioning air Without 
moving parts. The air is conditioned in the sense that it is 
ioniZed and contains safe amounts of oZone. The electro 
kinetic air transporter-conditioner disclosed therein includes 
a louvered or grilled body that houses an ioniZer unit. The 
ioniZer unit includes a high voltage DC inverter that boosts 
common 110 VAC to high voltage, and a generator that 
receives the high voltage DC and outputs high voltage 
pulses of perhaps 10 KV peak-to-peak, although an essen 
tially 100% duty cycle (e.g., high voltage DC) output could 
be used instead of pulses. The unit also includes an electrode 
assembly unit comprising ?rst and second spaced-apart 
arrays of conducting electrodes, the ?rst array and second 
array being coupled, respectively, preferably to the positive 
and negative output ports of the high voltage generator. 

[0017] The electrode assembly preferably is formed using 
?rst and second arrays of readily manufacturable electrode 
con?gurations. In the embodiments relevant to this present 
application, the ?rst array included Wire (or Wire-like) 
electrodes. The second array comprised “U”-shaped or “L” 
shaped electrodes having one or tWo trailing surfaces and 
intentionally large outer surface areas upon Which to collect 
particulate matter in the air. In the preferred embodiments, 
the ratio betWeen effective radii of curvature of the second 
array electrodes to the ?rst array electrodes Was at least 
about 20:1. 

[0018] The high voltage pulses create an electric ?eld 
betWeen the ?rst and second electrode arrays. This ?eld 
produces an electro-kinetic air?oW going from the ?rst array 
toWard the second array, the air?oW being rich in preferably 
a net surplus of negative ions and in oZone. Ambient air 
including dust particles and other undesired components 
(germs, perhaps) enter the housing through the grill or 
louver openings, and ioniZed clean air (With oZone) eXits 
through openings on the doWnstream side of the housing. 

[0019] The dust and other particulate matter attaches elec 
trostatically to the second array (or collector) electrodes, and 
the output air is substantially clean of such particulate 
matter. Further, oZone generated by the transporter-condi 
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tioner unit can kill certain types of germs and the like, and 
also eliminates odors in the output air. Preferably the trans 
porter operates in periodic bursts, and a control permits the 
user to temporarily increase the high voltage pulse generator 
output, e.g., to more rapidly eliminate odors in the environ 
ment. 

[0020] Applicants’ parent application provided second 
array electrode units that Were very robust and user-remov 
able from the transporter-conditioner unit for cleaning. 
These second array electrode units could simply be slid up 
and out of the transporter-conditioner unit, and Wiped clean 
With a moist cloth, and returned to the unit. HoWever on 
occasion, if electrode units are returned to the transporter 
conditioner unit While still Wet (from cleaning), moisture 
pooling can reduce resistance betWeen the ?rst and second 
electrode arrays to Where high voltage arcing results. 

[0021] Another problem is that over time the Wire elec 
trodes in the ?rst electrode array become dirty and can 
accumulate a deposited layer or coating of ?ne ash-like 
material. This accumulated material on the ?rst array elec 
trodes can eventually reduce ioniZation ef?ciency. Further, 
this accumulated coating can also result in the transporter 
conditioner unit producing 500 HZ to 5 KHZ audible oscil 
lations that can annoy people in the same room as the unit. 

[0022] In a ?rst embodiment, the present invention 
eXtends one or more thin ?exible sheets of Mylar or Kapton 
type material from the loWer portion of the removable 
second array electrode unit. This sheet or sheets faces the 
?rst array electrodes and is nominally in a plane perpen 
dicular to the longitudinal aXis of the ?rst and second array 
electrodes. Such sheet material has high voltage breakdown, 
high dielectric constant, can Withstand high temperature, and 
is ?exible. Aslit is cut in the distal edge of this sheet for each 
?rst array electrode such that each Wire ?rst array electrode 
?ts into a slit in this sheet. Whenever the user removes the 
second electrode array from the transporter-conditioner unit, 
the sheet of material is also removed. HoWever in the 
removal process, the sheet of material is also pulled upWard, 
and friction betWeen the inner slit edge surrounding each 
Wire tends to scrape off any coating on the ?rst array 
electrode. When the second array electrode unit is reinserted 
into the transporter-conditioner unit, the slits in the sheet 
automatically surround the associated ?rst electrode array 
electrode. Thus, there is an up and doWn scraping action on 
the ?rst electrode array electrodes Whenever the second 
array electrode unit is removed from, or simply moved up 
and doWn Within, the transporter-conditioner unit. 

[0023] Optionally, upWardly projecting pillars can be dis 
posed on the inner bottom surface of the transporter-condi 
tioner unit to de?ect the distal edge of the sheet material 
upWard, aWay from the ?rst array electrodes When the 
second array electrode unit is fully inserted. This feature 
reduces the likelihood of the sheet itself loWering the 
resistance betWeen the tWo electrode arrays. 

[0024] In a presently preferred embodiment, the loWer 
ends of the second array electrodes are mounted to a retainer 
that includes pivotable arms to Which a strip of Mylar or 
Kapton type material is attached. The distal edge of each 
strip includes a slit, and the each strip (and the slit therein) 
is disposed to self-align With an associated Wire electrode. A 
pedestal eXtends doWnWard from the base of the retainer, 
and When fully inserted in the transporter-conditioner unit, 
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the pedestal extends into a pedestal opening in a sub-?oor of 
the unit. The ?rst electrode array-facing Walls of the pedestal 
opening urge the arms and the strip on each arm to pivot 
upWardly, from a horiZontal to a vertical disposition. This 
con?guration can improve resistance betWeen the electrode 
arrays. 

[0025] Yet another embodiment provides a cleaning 
mechanism for the Wires in the ?rst electrode array in Which 
one or more bead-like members surrounds each Wire, the 
Wire electrode passing through a channel in the bead. When 
the transporter-conditioner unit is inverted, top-for-bottom 
and then bottom-for-top, the beads slide the length of the 
Wire they surround, scraping off debris in the process. The 
beads embodiments may be combined With any or all of the 
various sheets embodiments to provide mechanisms alloW 
ing a user to safely clean the Wire electrodes in the ?rst 
electrode array in a transporter-conditioner unit. 

[0026] 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1A is a plan, cross-sectional vieW, of a ?rst 
embodiment of a prior art electro-kinetic air transporter 
conditioner system, according to the prior art; 

[0028] FIG. 1B is a plan, cross-sectional vieW, of a second 
embodiment of a prior art electro-kinetic air transporter 
conditioner system, according to the prior art; 

[0029] FIG. 2A is an perspective vieW of a preferred 
embodiment of the present invention; 

[0030] FIG. 2B is a perspective vieW of the embodiment 
of FIG. 2A, With the second array electrode assembly 
partially WithdraWn depicting a mechanism for self-cleaning 
the ?rst array electrode assembly, according to the present 
invention; 
[0031] FIG. 3 is an electrical block diagram of the present 
invention; 
[0032] FIG. 4A is a perspective block diagram shoWing a 
?rst embodiment for an electrode assembly, according to the 
present invention; 

[0033] FIG. 4B is a plan block diagram of the embodi 
ment of FIG. 4A; 

[0034] FIG. 4C is a perspective block diagram shoWing a 
second embodiment for an electrode assembly, according to 
the present invention; 

[0035] FIG. 4D is a plan block diagram of a modi?ed 
version of the embodiment of FIG. 4C; 

[0036] FIG. 4E is a perspective block diagram shoWing a 
third embodiment for an electrode assembly, according to 
the present invention; 

[0037] FIG. 4F is a plan block diagram of the embodiment 
of FIG. 4E; 

[0038] FIG. 5A is a perspective vieW of an electrode 
assembly depicting a ?rst embodiment of a mechanism to 
clean ?rst electrode array electrodes, according to the 
present invention; 
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[0039] FIG. 5B is a side vieW depicting an electrode 
cleaning mechanism as shoWn in FIG. 5A, according to the 
present invention; 

[0040] FIG. 5C is a plan vieW of the electrode cleaning 
mechanism shoWn in FIG. 5B, according to the present 
invention; 
[0041] FIG. 6A is a perspective vieW of a pivotable 
electrode cleaning mechanism, according to the present 
invention; 
[0042] FIGS. 6B-6D depict the cleaning mechanism of 
FIG. 6A in various positions, according to the present 
invention; 
[0043] FIGS. 7A-7E depict cross-sectional vieWs of bead 
like mechanisms to clean ?rst electrode array electrodes, 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0044] FIGS. 2A and 2B depict an electro-kinetic air 
transporter-conditioner system 100 Whose housing 102 
includes preferably rear-located intake vents or louvers 104 
and preferably front and side-located eXhaust vents 106, and 
a base pedestal 108. Internal to the transporter housing is an 
ion generating unit 160, preferably poWered by an AC:DC 
poWer supply that is energiZable or eXcitable using sWitch 
S1. Ion generating unit 160 is self-contained in that other 
than ambient air, nothing is required from beyond the 
transporter housing, save external operating potential, for 
operation of the present invention. 

[0045] The upper surface of housing 102 includes a user 
liftable handle member 112 to Which is af?Xed a second 
array 240 of electrodes 242 Within an electrode assembly 
220. Electrode assembly 220 also comprises a ?rst array of 
electrodes 230, shoWn here as a single Wire or Wire-like 
electrode 232. In the embodiment shoWn, lifting member 
112 upWard lifts second array electrodes 240 up and, if 
desired, out of unit 100, While the ?rst electrode array 230 
remains Within unit 100. In FIG. 2B, the bottom ends of 
second array electrode 242 are connected to a member 113, 
to Which is attached a mechanism 500 for cleaning the ?rst 
electrode array electrodes, here electrode 232, Whenever 
handle member 112 is moved upWard or doWnWard by a 
user. FIGS. 5A-7E, described later herein, provide further 
details as to various mechanisms 500 for cleaning Wire or 
Wire-like electrodes 232 in the ?rst electrode array 230, and 
for maintaining high resistance betWeen the ?rst and second 
electrode arrays 220, 230 even if some moisture is alloWed 
to pool Within the bottom interior of unit 100. 

[0046] The ?rst and second arrays of electrodes are 
coupled in series betWeen the output terminals of ion gen 
erating unit 160, as best seen in FIG. 3. The ability to lift 
handle 112 provides ready access to the electrodes compris 
ing the electrode assembly, for purposes of cleaning and, if 
necessary, replacement. The general shape of the invention 
shoWn in FIGS. 2A and 2B is not critical. The top-to-bottom 
height of the preferred embodiment is perhaps 1 m, With a 
left-to-right Width of perhaps 15 cm, and a front-to-back 
depth of perhaps 10 cm, although other dimensions and 
shapes may of course be used. A louvered construction 
provides ample inlet and outlet venting in an economical 
housing con?guration. There need be no real distinction 
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between vents 104 and 106, except their location relative to 
the second array electrodes, and indeed a common vent 
could be used. These vents serve to ensure that an adequate 
How of ambient air may be draWn into or made available to 
the unit 100, and that an adequate How of ioniZed air that 
includes safe amounts of O3 ?oWs out from unit 130. 

[0047] As Will be described, When unit 100 is energized 
With S1, high voltage output by ion generator 160 produces 
ions at the ?rst electrode array, Which ions are attracted to 
the second electrode array. The movement of the ions in an 
“IN” to “OUT” direction carries With them air molecules, 
thus electro kinetically producing an out?oW of ioniZed air. 
The “IN” notion in FIGS. 2A and 2B denote the intake of 
ambient air With particulate matter 60. The “OUT” notation 
in the ?gures denotes the out?oW of cleaned air substantially 
devoid of the particulate matter, Which adheres electrostati 
cally to the surface of the second array electrodes. In the 
process of generating the ioniZed air ?oW, safe amounts of 
oZone (O3) are bene?cially produced. It may be desired to 
provide the inner surface of housing 102 With an electro 
static shield to reduces detectable electromagnetic radiation. 
For example, a metal shield could be disposed Within the 
housing, or portions of the interior of the housing could be 
coated With a metallic paint to reduce such radiation. 

[0048] As best seen in FIG. 3, ion generating unit 160 
includes a high voltage generator unit 170 and circuitry 180 
for converting raW alternating voltage (e.g., 117 VAC) into 
direct current (“DC”) voltage. Circuitry 180 preferably 
includes circuitry controlling the shape and/or duty cycle of 
the generator unit output voltage (Which control is altered 
With user sWitch S2). Circuitry 180 preferably also includes 
a pulse mode component, coupled to sWitch S3, to tempo 
rarily provide a burst of increased output oZone. Circuitry 
180 can also include a timer circuit and a visual indicator 
such as a light emitting diode (“LED”). The LED or other 
indicator (including, if desired, audible indicator) signals 
When ion generation is occurring. The timer can automati 
cally halt generation of ions and/or oZone after some pre 
determined time, e.g., 30 minutes. indicator(s), and/or 
audible indicator(s). 
[0049] As shoWn in FIG. 3, high voltage generator unit 
170 preferably comprises a loW voltage oscillator circuit 190 
of perhaps 20 KHZ frequency, that outputs loW voltage 
pulses to an electronic sWitch 200, e.g., a thyristor or the 
like. SWitch 200 sWitchably couples the loW voltage pulses 
to the input Winding of a step-up transformer T1. The 
secondary Winding of T1 is coupled to a high voltage 
multiplier circuit 210 that outputs high voltage pulses. 
Preferably the circuitry and components comprising high 
voltage pulse generator 170 and circuit 180 are fabricated on 
a printed circuit board that is mounted Within housing 102. 
If desired, external audio input (e.g., from a stereo tuner) 
could be suitably coupled to oscillator 190 to acoustically 
modulate the kinetic air?oW produced by unit 160. 

[0050] The result Would be an electrostatic loudspeaker, 
Whose output air How is audible to the human ear in 
accordance With the audio input signal. Further, the output 
air stream Would still include ions and oZone. 

[0051] Output pulses from high voltage generator 170 
preferably are at least 10 KV peak-to-peak With an effective 
DC offset of perhaps half the peak-to-peak voltage, and have 
a frequency of perhaps 20 KHZ. The pulse train output 
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preferably has a duty cycle of perhaps 10%, Which Will 
promote battery lifetime. Of course, different peak-peak 
amplitudes, DC offsets, pulse train Waveshapes, duty cycle, 
and/or repetition frequencies may instead be used. Indeed, a 
100% pulse train (e.g., an essentially DC high voltage) may 
be used, albeit With shorter battery lifetime. Thus, generator 
unit 170 may (but need not) be referred to as a high voltage 
pulse generator. 

[0052] Frequency of oscillation is not especially critical 
but frequency of at least about 20 KHZ is preferred as being 
inaudible to humans. If pets Will be in the same room as the 
unit 100, it may be desired to utiliZe an even higher 
operating frequency, to prevent pet discomfort and/or hoWl 
ing by the pet. As noted With respect to FIGS. 5A-6E, to 
reduce likelihood of audible oscillations, it is desired to 
include at least one mechanism to clean the ?rst electrode 
array 230 elements 232. 

[0053] The output from high voltage pulse generator unit 
170 is coupled to an electrode assembly 220 that comprises 
a ?rst electrode array 230 and a second electrode array 240. 
Unit 170 functions as a DC:DC high voltage generator, and 
could be implemented using other circuitry and/or tech 
niques to output high voltage pulses that are input to 
electrode assembly 220. 

[0054] In the embodiment of FIG. 3, the positive output 
terminal of unit 170 is coupled to ?rst electrode array 230, 
and the negative output terminal is coupled to second 
electrode array 240. This coupling polarity has been found 
to Work Well, including minimiZing unwanted audible elec 
trode vibration or hum. An electrostatic How of air is created, 
going from the ?rst electrode array toWards the second 
electrode array. (This How is denoted “OUT” in the ?gures.) 
Accordingly electrode assembly 220 is mounted Within 
transporter system 100 such that second electrode array 240 
is closer to the OUT vents and ?rst electrode array 230 is 
closer to the IN vents. 

[0055] When voltage or pulses from high voltage pulse 
generator 170 are coupled across ?rst and second electrode 
arrays 230 and 240, it is believed that a plasma-like ?eld is 
created surrounding electrodes 232 in ?rst array 230. This 
electric ?eld ioniZes the ambient air betWeen the ?rst and 
second electrode arrays and establishes an “OUT” air?oW 
that moves toWards the second array. It is understood that the 
IN ?oW enters via vent(s) 104, and that the OUT ?oW exits 
via vent(s) 106. 

[0056] It is believed that oZone and ions are generated 
simultaneously by the ?rst array electrode(s) 232, essentially 
as a function of the potential from generator 170 coupled to 
the ?rst array. OZone generation may be increased or 
decreased by increasing or decreasing the potential at the 
?rst array. Coupling an opposite polarity potential to the 
second array electrode(s) 242 essentially accelerates the 
motion of ions generated at the ?rst array, producing the air 
?oW denoted as “OUT” in the ?gures. As the ions move 
toWard the second array, it is believed that they push or move 
air molecules toWard the second array. The relative velocity 
of this motion may be increased by decreasing the potential 
at the second array relative to the potential at the ?rst array. 

[0057] For example, if +10 KV Were applied to the ?rst 
array electrode(s), and no potential Were applied to the 
second array electrode(s), a cloud of ions (Whose net charge 
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is positive) Would form adjacent the ?rst electrode array. 
Further, the relatively high 10 KV potential Would generate 
substantial oZone. By coupling a relatively negative poten 
tial to the second array electrode(s), the velocity of the air 
mass moved by the net emitted ions increases, as momentum 
of the moving ions is conserved. 

[0058] On the other hand, if it Were desired to maintain the 
same effective out?oW (OUT) velocity but to generate less 
oZone, the exemplary 10 KV potential could be divided 
betWeen the electrode arrays. For example, generator 170 
could provide +4 KV (or some other fraction) to the ?rst 
array electrode(s) and —6 KV (or some other fraction) to the 
second array electrode(s). In this example, it is understood 
that the +4 KV and the —6 KV are measured relative to 
ground. Understandably it is desired that the unit 100 
operate to output safe amounts of oZone. Accordingly, the 
high voltage is preferably fractionaliZed With about +4 KV 
applied to the ?rst array electrode(s) and about —6 KV 
applied to the second array electrodes. 

[0059] As noted, out?oW (OUT) preferably includes safe 
amounts of O3 that can destroy or at least substantially alter 
bacteria, germs, and other living (or quasi-living) matter 
subjected to the out?oW. Thus, When sWitch S1 is closed and 
B1 has suf?cient operating potential, pulses from high 
voltage pulse generator unit 170 create an out?oW (OUT) of 
ioniZed air and O3. When S1 is closed, LED Will visually 
signal When ioniZation is occurring. 

[0060] Preferably operating parameters of unit 100 are set 
during manufacture and are not user-adjustable. For 
example, increasing the peak-to-peak output voltage and/or 
duty cycle in the high voltage pulses generated by unit 170 
can increase air ?oWrate, ion content, and oZone content. In 
the preferred embodiment, output ?oWrate is about 200 
feet/minute, ion content is about 2,000,000/cc and oZone 
content is about 40 ppb (over ambient) to perhaps 2,000 ppb 
(over ambient). Decreasing the R2/R1 ratio beloW about 
20:1 Will decrease ?oW rate, as Will decreasing the peak-to 
peak voltage and/or duty cycle of the high voltage pulses 
coupled betWeen the ?rst and second electrode arrays. 

[0061] In practice, unit 100 is placed in a room and 
connected to an appropriate source of operating potential, 
typically 117 VAC. With S1 energiZed, ioniZation unit 160 
emits ioniZed air and preferably some oZone (O3) via outlet 
vents 150. The air ?oW, coupled With the ions and oZone 
freshens the air in the room, and the oZone can bene?cially 
destroy or at least diminish the undesired effects of certain 
odors, bacteria, germs, and the like. The air How is indeed 
electro-kinetically produced, in that there are no intention 
ally moving parts Within unit 100. (As noted, some mechani 
cal vibration may occur Within the electrodes.) As Will be 
described With respect to FIG. 4A, it is desirable that unit 
100 actually output a net surplus of negative ions, as these 
ions are deemed more bene?cial to health than are positive 
ions. 

[0062] Having described various aspects of the invention 
in general, preferred embodiments of electrode assembly 
220 Will noW be described. In the various embodiments, 
electrode assembly 220 Will comprise a ?rst array 230 of at 
least one electrode 232, and Will further comprise a second 
array 240 of preferably at least one electrode 242. Under 
standably material(s) for electrodes 232 and 242 should 
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conduct electricity, be resilient to corrosive effects from the 
application of high voltage, yet be strong enough to be 
cleaned. 

[0063] In the various electrode assemblies to be described 
herein, electrode(s) 232 in the ?rst electrode array 230 are 
preferably fabricated from tungsten. Tungsten is suf?ciently 
robust to Withstand cleaning, has a high melting point to 
retard breakdoWn due to ioniZation, and has a rough exterior 
surface that seems to promote ef?cient ioniZation. On the 
other hand, electrodes 242 preferably Will have a highly 
polished exterior surface to minimiZe unWanted point-to 
point radiation. As such, electrodes 242 preferably are 
fabricated from stainless steel, brass, among other materials. 
The polished surface of electrodes 232 also promotes ease of 
electrode cleaning. 

[0064] In contrast to the prior art electrodes disclosed by 
Lee, electrodes 232 and 242, electrodes used in unit 100 are 
light Weight, easy to fabricate, and lend themselves to mass 
production. Further, electrodes 232 and 242 described herein 
promote more ef?cient generation of ioniZed air, and pro 
duction of safe amounts of oZone, O3. 

[0065] In unit 100, a high voltage pulse generator 170 is 
coupled betWeen the ?rst electrode array 230 and the second 
electrode array 240. The high voltage pulses produce a How 
of ioniZed air that travels in the direction from the ?rst array 
toWards the second array (indicated herein by holloW arroWs 
denoted “OUT”). As such, electrode(s) 232 may be referred 
to as an emitting electrode, and electrodes 242 may be 
referred to as collector electrodes. This out?ow advanta 
geously contains safe amounts of O3, and exits unit 100 from 
vent(s) 106. 

[0066] It is preferred that the positive output terminal or 
port of the high voltage pulse generator be coupled to 
electrodes 232, and that the negative output terminal or port 
be coupled to electrodes 242. It is believed that the net 
polarity of the emitted ions is positive, e.g., more positive 
ions than negative ions are emitted. In any event, the 
preferred electrode assembly electrical coupling minimiZes 
audible hum from electrodes 232 contrasted With reverse 
polarity (e.g., interchanging the positive and negative output 
port connections). 
[0067] HoWever, While generation of positive ions is con 
ducive to a relatively silent air ?oW, from a health stand 
point, it is desired that the output air ?oW be richer in 
negative ions, not positive ions. It is noted that in some 
embodiments, hoWever, one port (preferably the negative 
port) of the high voltage pulse generator may in fact be the 
ambient air. Thus, electrodes in the second array need not be 
connected to the high voltage pulse generator using Wire. 
Nonetheless, there Will be an “effective connection” 
betWeen the second array electrodes and one output port of 
the high voltage pulse generator, in this instance, via ambi 
ent air. 

[0068] Turning noW to the embodiments of FIGS. 4A and 
4B, electrode assembly 220 comprises a ?rst array 230 of 
Wire electrodes 232, and a second array 240 of generally 
“U”-shaped electrodes 242. In preferred embodiments, the 
number N1 of electrodes comprising the ?rst array Will 
preferably differ by one relative to the number N2 of 
electrodes comprising the second array. In many of the 
embodiments shoWn, N2>N1. HoWever, if desired, in FIG. 












