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My invention rélates to electrical precipitators
for atmospheric dust, and particularly, although
not necessarily, such precipitators as may be
used for the conditioning of air which .is to be
breathed. . )

The principal object of my invention is to
achieve the cleansing of air without the produc-
tion of more than fraces -of ozones or nitrous
oxides, which are now known to be toxic and
harmful when they are present in any material
quantity in the air which is breathed.

Mechanical filters, for removing dirt or dust-

particles, and particularly smoke-particles, from-

air, present certain difficulties, when limited to
any practical air-pressure drop in the appara-
tus. These smoke-particles may be as small as
.3 micron or less in diameter, that is, smaller than
the wave-length of light. In cities, much of the
dirt in the air is in the form of such smoke-par-
ticles. My invention is not limited as to the
size of particles which it can precipitate, and it is
thus well suited for the difficult task of precipitat-
ing dust from the air in, or supplied to, rooms
or other places in which people live, particularly
in cities, vehicles or the like, where smoke is
present, as well as air-cleaning for industrial
plants and processes.

The ordinary Cottrell precipitator, consisting
of 2 single chamber for both ionizing and pre-
cipitating the foreign particles from the air, by
means of a charged wire in a chimney, or other
similar arrangement, cannot be used for comfort
air-conditioning because of the large quantities
of ozone and nitrous oxides that are generated.

An important feature of my invention is to
design a precipitating apparatus which will op-
erate efficiently, even more so than the Cottrell
system, and yet in such manner that the ozone

 and nitrous oxides, if present at all, will be in
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such small quantities as to have no possible harm-
ful effects, and in fact, so small as to be unde-
tectable. Particularly, I keep the ozone-concen-
tration down to a mere trace, and then it will
necessarily follow that the nitrous-oxide problem
ceases to exist. To this end, I separate the func-
tions of ionizing the air (and thus charging the
dust-particles)’ and precipitating the charged
particles, utilizing separate chambers for these
two functions. .

It has heretofore been proposed, as in the
patents to-Schmidt, No. 1,343,285, patented June

.15, 1920 and Mdller, No. 1,357,466, patented No-

vember 2, 1920, to more or less separate the func-
tions of ionization and precipitation in two sep-

arate chambers, but the ionization was not ac-.

(CL 183—7)

complished in such a way as to limit the dis-
charge-current in the ionizing chamber. In fact,
the patentees instructed those practicing .their
inventions that the ionization was produced by
discharging electricity into the gas to be treated,

and warned them to be certain to have a suf- -

ficiently high rate of discharge. 'This means
that large quantities of ozone and nitrous oxides
were produced. )

An important feature of my invention in its
preferred form, although I am not limited there-
to, is that I utilize positive ionization, rather than
the customary negative ionization; that is, my
wire in the ionizing chamber is positive with re~
spect to the walls of the chamber. In the Cot~
trell precipitating system, which has been the
standard practice for many years, it has been

" necessary to utilize as high a voltage as possible,

on the wire, in order to obtain an electrostatic
field at the walls of the chamber, which is suffi-
ciently strong to precipitate the charged foreign
particles from the air. Particles could be ionized
either positively or negatively with equal facility,
and could be precipitated with equal facility
once they were formed, but the flashover voltage
between the wire and the walls of the ionizing
chamber is considerably lower when the wire is
positive than when the wire is negative. Hence,
in the precipitating systems heretofore utilized,
in which as much voltage as possible was ap-

plied to the wire, it has long been standard prac-

tice to make the wire negative.

My invention does not utilize an ionizing volt-
age anywhere approaching the ‘flashover voli-
age, because very excessive ozone-production is
encountered, long before the flashover point is
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reached. It is possible, therefore, for me to

utilize either positive or negative ionization, and
I have made the important discovery that, for
a given current-flow, and hence for a given ef-

fectiveness of ionization, at least at the small

current-inputs and physical dimensions which I
utilize, the amount of ozone generated is sub-
stantially ten times as much, with negative ion-
ization, as with positive ionization, or, for a
given rate of ozone generation, positive ioniza-
tion enables me to utilize higher voltages such as
will produce a current-input substantially ten
times as great as is possible with negative ioniza-
tion. Thus, by utilizing a positively charged
lonizing wire, I precipitate the dirt just as effec-
tively as if I had utilized a negatively charged
wire, and at the same time I achieve a much
smaller space for the ionizing chamber than if
negative ionization had been utilized, or I can
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cause the dust particles to take on a much larger
electrical charge in the ionizing chamber, with
positive ionization, than with negative ionization,
in the same size of chamber, thus causing the
precipitation to be much more perfect in the
precipitating chamber, or making it possible to
utilize a smaller size of precipitating chamber
or a higher velocity of air-flow for a given per-
centage of dust- or smoke-removal.

A still further improvement which I have in-
troduced relates to the design of the ionizing
chamber. Instead of utilizing a tubular ionizing
chamber, or instead of utilizing an ionizing wire
which is disposed longitudinally with respect to
the direction of air-flow, with flat electrodes
parallel to the direction of air-flow on either side
of the ionizing wire, to constitute the walls of
the ionizing chamber, I have found it signifi-
cantly advantageous to utilize rounded-surface
electrodes on either side of the ionizing wire, and
to dispose the wire transversely with respect to
the direction of the air-flow. In this way, I am
able to obtain a significantly higher charging of
the ionized particles, for a given rate of ozone-
generation. I believe that this advantage is due
to the intensity of the field through which the
air passes, in the ionizing chamber, particularly
in the portion of the ionizing chamber close to
the outer walls or electrodes, that is, furthest
away from the wire. I have found that, with an
ijonizing wire at the center of a rectangular ioniz-
ing chamber, with the air passing at right angles
to the ionizing wire, the dust particles in the air
passing through the region near the ionizing wire
were much more effectively ionized than those
passing outside, near the walls of the ionizing
chamber. By utilizing curved-surface electrodes
or pipes for the outside walls of the ionizing
chamber, I have found that this deficiency in
jonization near the outer walls is in large meas-

“ure overcome, so that more efficient ionization

is obtained.

With the foregoing objects in view, and others
which will become apparent as the description
proceeds, my invention consists in the systems,
methods, apparatus, and combinations herein-
after described and claimed and illustrated in the
accompanying drawings, wherein:

Pigure 1 is a top plan view of one form of
embodiment of my bprecipitator, with parts
broken away to show the construction;

Fig. 2 is a front elevational view of the same,
also with parts broken away; .

Pig. 3 is a sectional end view of the power-
pack, the section being indicated by the line
OI—-IT of Fig. 2; ]

Fig. 4 is a sectional view on any one of the
seven lines IV—IV of Fig. §;

Fig. 5 is a sectional view on the line V—V of
Pig. 6; :

Fig. 6 is an end view of the precipitator cabi-
net proper, with parts broken away to show sec-

- tions on lines 6—6 and VI—VI of Fig. 2;
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Fig. 7 is a perspective view showing the details
of a door interlock;

Fig. 8 is a diagrammatic view showing the elec-
trical circuits; and

Fig. 9 is a somewhat diagrammatic perspective
view of the entire assembly, including the blower
and the plate-washing equipment, as well as the
precipitator cabinet proper. ‘

As shown in Figs. 1 and 2, the main portions
of my invention are disposed in two cabinets, the
larger of which is the precipitator cabinet {, on
the side of which is mounted, as an appendage, a

2,120,783

smaller power-pack cabinet 2, both cabinets be-
ing illustrated as being made of aluminum, al-
though they may be of other metaliic or non-
metallic construction. The precipitator cabinet
{ is open at its bottom for the entrance of the
air to be conditioned. The lower portion of the
cabinet | contains the ionizing chamber 4, which
really, in the illustrated embodiment, consists of
a plurality of ionizing chambers arranged side-
by-side. ‘The upper portion of the cabinet  con-
tains the precipitating chamber 5, which really,
in the illustrated embodiment, consists of a plu-
rality of precipitating chambers arranged side-
by-side. The cabinet | is open, at the top, for
the discharge of the conditioned air. A small
amount of uni-directional high-voltage power,
for -the charging of the electrical parts of the
ionizing and precipitator chambers, is converted
in the power-pack cabinet 2, which is mounted
on the side of the main cabinet I.

The ionizing chamber 4 is shown in Figs. 1, 2
and 6. It is shown as comprising nine parallel,
spaced ionizing wires 1, which, according to my.
invention, should preferably be very fine wires.
It will usually be found advantageous to make
the wires 7 as small as considerations of me-
chanical strength will permit. In the particular
design illustrated, the wires T are tungsten wires
of 6 mils diameter. My experiments, however,
have included wires as small as .6 mil in diame-
ter and as large as 32 mils in diameter. The
ionizing wires 1 are arranged in a horizontal
plane, substantially at right angles to the direc-
tion of air-flow, which is upwardly through the
cabinet. Each ionizing wire is mounted in the
center of an ionizing unit of the ionizing cham-
ber 4. The use of a single wire in each ionizing
unit assures that, within the effective range of
its electrostatic field, the wire itself will deter-
mine and control the maximum potential-gradi-
ent which occurs at the surface of the wire, thus
contributing materially to the creation of a high
gradient at the wire-surface, unimpaired by
other electrodes at the wire-potential within the
effective range of the field surrounding said wire,
or, what amounts to the same thing, within each
ionizing unit. The side-walls of each ionizing
unit, according to a preferred form of embodi-
ment of my invention, are composed of the op-
posing surfaces of spaced cylindrical electrodes
8 which may consist of aluminum tubes grounded
on the framework of the cabinet. These ionizing
units are disposed transverse to the direction of
air-flow in the cabinet, that is, in such a man-
ner that the air flows in a general cross-wise di-
rection across the wires and between the pairs of
cylindrical electrodes 8. :

The grounded tubular electrodes 8, which con-
stitute the side-walls of the ionizing chamber or
chambers 4, are about one inch in diameter in
the particular embodiment of my invention illus-
trated in the drawings. As previously intimated,
T believe it to be desirable for these tubes to be
fairly small, so as to increase the intensity of
the electrostatic fields between each tube and its
associated ionizing wires 1, but the diameter must
not be so small as to produce anything like the
extremely high voltage-gradient which is ob-
tained in the region immediately surrounding the
fine wire 1, in which ionization by collision oc-
curs. The tubes 8, therefore, should be very
large, as compared to the fine wires 1.

The ionizing wires 1 are suspended, at each
end, from brackets i depending from a trans-

on
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versely disposed bar 12, which is supported by two
insulators 13. - :

Each of the four precipitator chambers 5 is
formed by a unitary collector-cell assembly 15, as
shown in Figs. 1, 2 and 6. These collector-cell
assemblies are constructed somewhat like drawers
which can be easily and quickly slid in and out,
on supporting beams 16 constituting slides. The
cabinet is provided with a door i1, through which
these collector-cell assemblits may be removed,
if such removal should become necessary for ordi-
nary cleaning purposes, or for emergency clean-
ing because of contamination with some unusual
obstruction, or for any other cause, :

Each collector cell 15 of the brecipitating cham-
ber § consists of a metallic framework {8, which
is grounded on the supporting slides 16 which
constitute a part .of the metallic framework of the
cabinet . Each collector cell contains a large
number of vertical plates 19 and 20, alternating
with each other, with a separation of something
like one-four of an inch, or usually not much more
than one-half inch apart, for the most economical
utilization of space, as will be subsequently
pointed out. The plates 19 are grounded plates,
supported by notched bars 21 which are carried
by the grounded framework I8 of the collector
cell. 'The plates 20 are insulated plates carried
by notched bars 22, which are supported by in-
sulators 23.

A very small amount of electrical energy is
utilized for charging the insulated ionizing wires
T and the insulated brecipitator plates 20. This
power is furnished by my power-pack 2, which
is shown in Figs. 1, 2 and 3, the electrical con-
nections of which are indicated in Fig. 8.  Rela~
tively low-voltage energy, such as may be obtained
from an ordinary 110-volt lighting circuit, enters
the power-pack through low voltage leads 26, as
shown in Figs. 3 and 8. This energy is fed into

‘& transformer 27, which consists of a magnetizable

core 28 (Fig. 8) consisting of a primary leg 29,
a secondary leg 30, and an intermediate leg 31
having an air-gap 32 therein constituting a leak-
age path for the flux, whereby the amount of
energy which may be withdrawn from the trans-
former is distinctly limited. The primary leg 28
carries a primary winding 33, which is connected
to the low-voltage input leads 26. The primary
leg 29 also carries two tertiary windings 34 and
35 for the excitation of the filaments of two
rectifier tubes 36 and 31. The transformer leg
30 carries a secondary winding 38 which produces
a high voltage for application to the plate-circuits
of the rectifiers 36 and 37.

In order to reduce the voltage which must be

handled by each one of the rectifier tubes, I utilize -

an arrangement whereby the voltage of the
secondary winding 38 may be multiplied, by means
of two energy-storing devices 40 and &1, each of
which is arranged to receive the unidirectional
energy-output of its associated tube 36 and 31,
respectively, to constitute a substantially con-
stant source of voltage even during the non-
conducting periods of the respective rectifiers.
Because of the extremely small amount of high-
voltage charging-current required for my ap-
paratus, which is of the order of a milliampere,
more or less, the two energy-storing devices 40
and 41 may conveniently be small capacitors, as

illustrated. The two capacitors 40 and 41 are

(]

connected 'in series, with their potentials adding,
that is, with the positive terminal 42 of the
capacitor 40 connected to the negative terminal
43 of the capacitor 41. These two terminals are

3

also connected to one terminal 44 of the secondary
winding 38, and to a lead 45 for energizing the in-
sulated plates 20 of the precipitator chamber.

The connection between the lead 45 and the in-
Sulated plates 20 is indicated schematically at 46 in
Fig. 8, but in Pigs. 1, 2 and 6, the detailed con-
struction is shown. The lead 45 extends from
the power-pack into the main cabinet |, where
it is bolted onto-a horizontal insulated bar 47
which is disposed between the: lonizing chamber
4 and the precipitating chamber 5, being sup-
ported on insulators 48. The bar 47 carries four
spring-contact members 49 which are adapted to
make electrical contact with metallic contact-
brackets 50, depending from the insulated plate-
supporting bars 22 of each of the four collector
cells or precipitator-chamber units 5.

Referring again to. the details of the power-
pack shown in Figs. 1, 2, 3 and 8, it will be ob-
served that the negative terminal 51 of the
capacitor 40 is grounded on the casing, as indi-
cated at 52, and is also connected to the anode
terminal 53 of the rectifier 36. The cathode ter-
minal 54 of said rectifier 36 is connected to an
intermediate tap 55 on the secondary winding 38.
The positive terminal 56 of the capacitor 4{ is
connected to a terminal-lead 57 which charges
the ionizing wires 7, and is also connected to a
cathode lead 58 of the rectifier 37. The anode
lead 98 of said rectifier 37 is connected to the
other terminal 60 of the secondary winding 38.

The electrical connection between the terminal-
lead 567 and the ionizing wires 7 is indicated dia-
grammatically at 61 in Fig. 8. ‘The details of the
connection are shown in Pigs. 1, 2 and 3, which
show that the lead 56 extends into the. main
cabinet i, where it is bolted, at 61, onto one of
the insulated bars {2 which supports one end
of the wires 1. )

The connections just described are the con-
nections which I prefer at present, being the ones
which are utilized in the apparatus shown in Pigs.
1,2 and 3. According to my invention, however,
it is possible to use either negative or positive
ionization, the only difference being that, with
negative ionization, the voltage on the wires must
be very greatly reduced, until the current-input
on the wires becomes only one-tenth of its former
value, for the same amount of ozone-production,
thus materially reducing the amount of charging
of the dust particles, and rendering the precipita-
tion much less perfect: or else requiring a ma-
terial reduction in the velocity of air-Bow through
the apparatus. :

It is possible, however, that as our knowledge
of the qualities which give the invigorating effect
to pure outside air becomes more fully known, it
may be found desirable to alternate between posi-
tive and negative ionization, in order to control
the positive- and negative-ion content of the con-
ditioned air; or it may be found desirable to dis-
pense altogether with either positive or negative
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ionization, or to utilize one form of ionization -

at times, and the other form at other times,
To date, the researches on the subject of ioniza-
tion of air appear to me to be indicative that no
discernible physiological or psychological effects
may be attributed to any reasonable amount of
concentration of either positive or negative ions
in the air.

In order, however, to enable the user of my
precipitating equipment to conduct his own ex-
periments in the matter, or to satisfy his own
whims or future scientific findings as to ioniza-
tion, I have shown the wiring diagram in Fig. 8
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16, as shown in
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as Including an electromagnetic change-over
switch 62 having three normally closed or “preak”
contacts 63, 64 and 68, and three normally open
or “make” contacts 68, 61 and 8. The electro-
magnetic switch 62 is actuated by means of an
energizing coil 69 which is actuated from any
convenlent source, such as the low-voltage trans-
former-winding 34, through any suitable control-
ling switch 10, either manual or automatic. When
the change-over switch 62 is actuated by the
closure of the controlling switch 10, the contact
63 breaks the connection between the cathode
lead 58 of the rectifier 37 and the terminal-lead
571 which is connected to the ionizing wires 1;
and the contact 66 establishes a connection be-
tween said cathode lead 58 and the casing of the
cabinet |, which is grounded. At the same time,
the contacts 64 and 61 transfer the connection
of the anode lead 5§ of the rectifier 31 from
the transformer terminal 60 to the intermediate
tap 55. At the same time, the contact 65 breaks
the connection between the negative terminal 51
of the capacitor 40 and the ground-lead 52; and
the contact 88 establishes a connection between
said negative terminal 51 and the terminal-lead
51 of the ionizing wires 1.

1 have also shown means for interrupting the
precipitator function of my apparatus, so as to
make it possible to operate the apparatus, at
times, with an increased amount of ionization of
the air leaving the apparatus. To this end, as
shown in Fig. 8, I provide a switching means 12,
either manual or automatic, in the lead 45 for
energizing the insulated plates 20 of the precipi-
tator chamber. My novel ionizing chamber 4
may thus be utilized to operate as a source of
jonization for the conditioned air, either sepa-
rately, or in conjunction with other
ing equipment (not shown) for treating the air
either for living purposes or for controlling com-
mercial processes.

Suitable means are also provided for indicat-
ing when the apparatus is in need of cleaning.
When this occurs, the precipitator plates 19 and

‘98 are short-circuited, and the high-leakage

transformer second-
ary voltage by shifting the transformer flux from
the secondary leg 30 to the leakage leg 31, thereby
very greatly reducing the voltage on both the
precipitator plates 20 and the ionizing wires 1.
Tn order to conveniently indicate when this effect
occurs, one of the tubular electrodes & which
cooperates with the ionizing wires 1 is insulated,
as indicated at 14 in Fig. 5, the insulated tube
being designated by a primed numeral 8’, the
remaining tubes 8 being grounded on the frame-
work of the cabinet, as shown in Fig. 4. The
insulated tube 8’ is connected to the casing of
the cabinet through a small glow lamp 15, which
is shown in Fig. 8, said glow lamp being con-
veniently mounted on the front of the power-
pack 2, so as to shine through a bull’s-eye glass
Fig. 3. When the secondary cir-
cuit of the transformer 2T is short-circuited, the
glow lamp 15 ceases to glow, and indicates the
necessity for cleaning the apparatus.

Frequently it is desirable to have some means
of grounding the case without having to run a
separate wire to a water-pipe, or anything of that
sort. In the apparatus as shown in Figs. 3 and 8,
T accomplish this by connecting the case to one
side of the 110-volt circuit 26 through a resistor 18
of approximately one megohm resistance. This
will carry off any high-voltage charge tending
to be induced in the case by the high-voltage

air-condition-.
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parts therein. Theoretically it might be possible
to get 110 volts off of the cabinet. However the
current that is available through the megohm
resistor 18, which is like a poor insulator, is so
small that it cannot be felt, or give a shock, and
no ordinary voltmeter can measure it.

Suitable means are also provided for prevent-
ing the opening of either the main precipitator
cabinet { or the power-pack cabinet 2 when power
is being supplied to the transformer 271. To this
end, there is included, in the primary circuit of
the transformer, a door-switch 80, as shown in
Fig. 8. This door-switch is conveniently mounted
in the power-pack cabinet 2, to be opened by the
opening of the door 81 of the power-pack cabi-
net, as shown in Figs. 1, 2 and 3. Thus, the
entire electrical supply is interrupted whenever
the power-cabinet door 8l is open.

I have also shown interlocking means between
the main-cabinet door {71 and the power-cabinet
door 81, so that the former may not be opened
except when the latter is closed, and the latter
may not be closed unless the former is also closed.
To this end I have shown, by way of illustration,
two rods 84 and 85 extending between the two
cabinets as shown in Fig. 2.. The upper rod 84
is rotatable through a slight arc, while the lower
rod 85 is slidable longitudinally for a short dis-
tance, being normally pressed outwardly, so that
it prevents closure of the power-pack door 8,
by means of a spring 86.

The rotatably mounted rod 84 carries, on its
inner end, that is, the end extending within the
main cabinet i, two gravity-biased arms or dogs
87 and 88 which are fixed on the rod 84, and which
tend to fall down into such position that the arm
87 lies back of the inner end of the sliding rod 8%
and prevents the same from being pushed inward-

ly against the action of its biasing spring 86. In
this position, the rod 85 projects out far enough

in front of the power-pack to prevent the door 81
from closing tight enough to close door-switch
80. The door 8! carries a projection 89 which
makes contact with the door-switch 80 and closes
the same when the door is fully closed.

The rotating bar 84 also carries, on its front
end, an arm or dog 81 which comes down over the
front of the door-switch 80, when the rotating bar
84 is in its gravity-actuated position, just de-
seribed. In this manner, the arm 8{ prevents
the closure of the door-switch 80 by reason of an
accidental contact of the hand or any other ob-
ject therewith, while the power-pack door 81 is
open. .

The rotatable bar 84 is moved from its biased
position by the main-cabinet door 11, which has

- an arm or projection 92 mounted on its inner

surface, so that, when the door is closed, the pro-
jection 92 strikes against the depending arm 88
and rocks the same backwardly, thereby moving
the arm 87 from behind the inner end of the slid-
ing rod 85, and also moving the arm 8{ from in
sront of the door-switch 80 in the power-pack.
The sliding rod 85 is thereupon Iree to be pressed
inwardly against the biasing: action of ‘its spring
86, and when the power-pack door 81 is closed,
an inward movement of the sliding bar 85 is ef-
fected, causing the inner end of the same to en-
gage within a perforation 83 in the projection 92
attached to the main-cabinet door i1, thereby
locking the latter against opening. The closure
of the power-pack door also brings the projec-
tion 89 thereof into contact with the door-switch
80 and closes the same, thereby establishing the
primary circuit of the power-pack transformer 21
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as soon as the primary terminals or leads 26 are
plugged into a suitable source of supply, such as
an alternating-current house-lighting circuit.

As a further safeguarding ‘means, and as §
means for quickly discharging the capacitors 40
and 41, I have also shown, by way of example,
two spring-biased short-circuiting members 95
and 86 carried by the power-pack, and grounding
the positive terminals 42 and 56, respectively, of
the two capacitors 480 and 41, when the power-
pack door 8! is open. Closure of the door 8
pushes the grounded switches 95 and 96 away, out
of contact with the positive terminals of the
capacitors. i

The complete assembly of my device, in a form
of emobdiment suitable for use in factories, or in
the basement of a house, for alr-conditioning the
entire house, is shown in Fig, 9. Air is forced
through cabinet by means of a centrifugal blower
917, which is intended to be symbolic of any means,
including “natural” or “gravity” circulation, for
producing or causing the air-flow through the
cabinet. Means are also provided for washing the
plates {9 and 20, as by means of a sprayer or
sprinkler system 98 mounted thereabove, so that
water may be sprayed thereon to wash off the
dirt, which is carried away through a suitable
drain 99. : ) .

In operation, if the wires 7 are charged posi-
tively with respect to the grounded tubular elec-
trodes or walls 8 of the ionizing chamber &, the
potential gradient immediately surrounding the
wires is considerably greater than the critical

gradient for ionization-by-collision in air at at- -

mospherie pressure, which is of the order of 30
or 31 kilovolts per centimeter. While the lonizing

" voltage is far below the sparkover voltage or spit-
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ting point, at which corona which is visible in sun-
light appears around the wires, which may be
referred to as the critical corona voltage, the
voltage which I utilize on the wires produces a
discharge or corona which is distinctly visible in
& dark room, in the immediate vicinity of the
wires.

The regions immediately surrounding the wires
have the highest voltage-gradient, in which
ionization-by-collision occurs, while the regions
near the walls of the ionizing chamber, that is,
near the tubular electrodes 8, have a lower
voltage-gradient which, in my device, is so low
that I obtain a very low velocity of ion-drift, and
hence a very limited current-flow in the ionizing
chamber 4. The limited extent of the tubular

.electrodes 8 in the vertical direction, that is, in the

direction .of air-flow, and the sharp falling off of

the electrode-surface away from the wires 1, due -

to the curvature of the tubular electrodes 8, un-

- doubtedly also has a great deal to do with the
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limitation of the number of ions or charged
particles reaching the electrodes 8, thus assisting
materially in securing the aforesaid limited cur-
rent-flow in the ionizing chamber. o
The ionization-by-collision occurs within a
short radius from the wires 7. While T am not
limited to any particular radius of this region
of ionization, I believe that this region extends, in
my apparatus, for something like some 10 to 40

- mils from the wires. In this region, both nega-

tive and positive ions are produced, but the nega-
tive ions or electrons are immediately drawn to
the wire and neutralized by the positive charge
on the wire. The positive ions travel toward the
negative tubular electrodes 8, but the gradient ap-
plied to these ions quickly decreases, as their dis-
tance from the wire increases, so that their drift-

S
velocity becomes quite low, thus providing time
during which the thermal
causes them to become attached to dust-particles,
thus charging or ionizing the dust-particles.. The
mass of the dust-partiele-is so large, as compared
to the mass of a positive ion, that those positive
ions which become attached to dust-particles
practically cease to continue to drift toward the
negative tubular electrodes. 8.

While a reduced fleld in the vicinity of the
negative tubular electrodes 8 is desired, both on
account of the reduced velocity of ion-drift, and
the necessity for avoiding lonization-by-collision
at the tubular electrodes 8, I have found it de-

sirable not to reduce the potential-gradient to too -

small & value, at the negative tubular electrodes
8, as I have found that much more effective ioni-
zation or charging of ‘the dust-particles is se-
cured when the negative or grounded electrodes
8 are tubular, rather than plane surfaces parallel
to the direction of air-flow. I attribute this re-
sult to the fact that the intensity of the field has
& considerable effect upon the acquisition of a
charge by a dust-particle; that is, it is evidently
better to have the opposite surfaces of the dust-
particle at as high a potential apart as is prac-
ticable to be obtalned without producing ioniza-
tion-by-collision at the grounded tubular elec-
trodes 8.

I have not determined the exact limits of the
bermissible sizes or diameters of the tubular elec~
trodes 8, but I have reason to believe that satis-
factory operation may be obtained over g wide
range of diameters. The tubes which are utilized
in the embodiment of my invention shown in the
drawings are approximately of one-inch diam-
eter, and are spaced 4 inches between centers,
or 3 inches between the surfaces of the tubes,
which means an inch and a half between each
wire and the nearest surface of the adjacent
tube 8. . .

The amount of ozone generated in the ionizing
chamber is dependent, among other things, upon
the amount of current-input, and also upon the
potential, of the ionizing wire. Thus, with nega~
tive ionization, a current-input of one micro-
ampere per cubic foot per minute of air-flow is
about the upper limit of current-input which
can be utilized without producing objectionable
ozone-concentration, this current-input produc-
ing about one part of ozone in irom 50,000,060
to 75,000,000 cubic feet of air, at a ratio of about
500 or 1000 to 1 between the spacing between the
surfaces of the tubular electrodes 8 and the di-
ameter of the lonizing wire 7. The correspond-
ing power-limit, in the ionizing chamber, is about
.01 watt per cubic foot per minute of air-flow..
With positive ionization, the corresponding lim-

~ its are about 10 times as great, or about 10 micro-

amperes per cubic foot' per minute, or .1 watt
per cubic foot per minute. : )

Excessive quantities of ozone are objectionable
because many materials, such as rubber, will soon
fall to pieces, when exposed to ozone, and be-
cause of a definite ozone smell which is observed
with concentrations as high as one part in about
50,000,000, and which is objected to by some peo-
ple. An ozone-concentration of more than one
part in 10,000,000 is distinctly undesirable. In
still higher concentrations, ozone produces head-

‘aches, and the doctors use the term “lethal” in

describing its effects. While there is some dis-
agreement as to the effect of ozone, I believe that
it is generally accepted that a little ozone is de-
sirable. Air which is confined in a room quickly

movement of the ions.
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loses its._ ozone, which is apparently converted

into ordinary oxygen or OXygen compounds.
Fresh pure mountain air is known to have an
ozone concentration of about one part Iin

- 100,000,000 or even one part in 10,000,000; and it
is quite probable that this ozone-content con-

tributes to the “live” or “fresh” feeling of the
air, as distinguished from the seemingly lifeless
air which is circulated in buildings or caves away
from the outside air or sunlight. '

For most applications, the current and wattage
input into my ionizing chamber must be kept
much below the limits which I have indicated.
I usually use such a low current-input as to gen-
erate only one part of ozone, or less, in some
300,000,000 parts of air. In recirculating ven-
tilating systems, where the air of the building is
recirculated over and over again, with small addi-
tions of outside air, it is necessary to take care
that the rate of ozone-generation in my precipi-
tator-apparatus does not exceed the rate at which
the ozone dissipates itself in the recirculating
system of the building, as otherwise a cumulative

increase in ozone-content will be encountered, .

which will soon bring about a very objectionable
concentration of ozone in the building.

Ozone concentrations of the order of one part
in from 100,000,000 to 300,000,000 parts of air are
too small to be accurately analyzed chemically,
by any means which we know now. The only
_way that we know it is there, is by making a test
at reduced air-flow, but with the same rate of
ozZone-generation, so as to get a measurable quan-
The method which I have utilized
for determining the amount of ozone is described
in “Untersuchungen iiber Ozone”, by Warten-
berg and Podjaski, in Zeitschrift fiir anorganische
und allgemeine Chemie, vol. 148, pages 391-396,
October 29, 1925. When I speak of ozone-con-
centrations, therefore, I mean concentrations as
determined by this method. The ozone analyses
are very difficult, and it is extremely hard to ob-
tain results which are in any degree consistent
with each other. The figures which have been
given for the ozone-concentrations must be taken,
therefore, with very wide allowance for differ-
ences in test-results.

The important thing about my invention is that
it affords a means for precipitating dust or
foreign particles from air without generating in-
tolerable quantities of ozone, thus rendering the
electrostatic precipitating process available as a
means for dust or dirt removal in general air-con-
ditioning operations, as a substitute for the much
less effective, previously used air washers and air
filters, and as a means for producing conditioned
air having a “fresher” feeling than air which is
cleaned by other processes. I obtain this reduc-
tion in ozone-generation by utilizing current and
wattage-inputs well below the limits which I have
indicated, and by utilizing a separate precipitator
chamber in which I obtain the precipitation or
withdrawal of the charged or electrified dust-par-
ticles from the air.

There are other factors which affect the rate of
ozone-generation, other than current- or wattage-
input and polarity of ionization in the ionizing
chamber. Other things being equal, the smaller
the wire, the smaller the amount of ozone gener-
ated. For example, in one test, a wire of 32 mils
diameter gave about twice the ozone per unit of
current as a wire of 8 mils diameter in the same

-apparatus. The wire which is utilized in the ap-

paratus shown in the drawings is of 6 mils diam-
eter, and it is very much larger than it really

2,120,788 o
needs to be, for successful commercial use, this -

wire having been made large enough to be able
to withstand exceedingly rough handling and use-
age (in experimental equipment,. Much finer

wires have been tested by me, the smallest being -

of about .6 mil diameter. It is advantageous to
have the wire as small as considerations of me-
chanical strength will permit.

T prefer to utilize an lonizing wire 71 which is
small and essentially smooth on its outer surface.
1 prefer this to a barbed wire, or wire with rough-
enings or protuberances on its surface, in which
case the effective diameter of the wire is consider-

. ably increased by the presence of the barbs or pro-

tuberances, and as above indicated, I prefer a wire
as small as is conveniently practicable.

For a given wire-size, a given current, and a
given potential of ionization, the rate of ozone-
generation is reduced by making the ionizing

chamber larger, that is, by increasing the distance.
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between the surfaces of the tubular electrodes 8,

but, of course, any increase in the size of this
chamber, or in the spacing between the tubular
electrodes 8, will require a considerable increase
in voltage in order to maintain the same current.

" In my apparatus, with the limitations with which

T have been confronted in the voltage-ratings of
available rectifier tubes 36 and 37, I have found it
desirable to design the ionizing chamber for the
highest voltage which was economically obtain-
able by the tubes, and to then adjust the spacings
of the tubes 8 so as to obtain as high a current-
input as considerations of ozone-generation would
permit, ‘

The ratio between the distance between the
surfaces of the tubular electrodes 8 and the diam-
eter of the ionizing wires 7 should thus, in general,
be as high as is practicable, This ratio should
preferably be not less than that which is obtained

_in my illustrated apparatus, which is about 500 to

1, although ratios as low as about 100 to 1, or even
lower, might still be utilized, in some instances.
It is advantageous, however, to use much higher
ratios, such as 2000 to 1, or higher. The dust-
particles, in passing through the ionization cham-
ber 4, take on an electrical charge dependent upon
the number of positive ions which become at-
tached to them. In any event, this electrical
charge is much smaller than that which is given
to the dust-particles in the ordinary Cottrell pre-
cipitator wherein enormous quantities of ozone
are also produced. In order to precipitate the
relatively weakly ionized dust-particles which are
obtained in my ionizing chamber, the air is next
passed through the precipitator chamber 5 where-
in the separation of the ionized particles from the
air is performed in the spaces between paraliel
plates 19 and 20, where the electrostatic field is
substantially uniform and hence can be main-
tained at a relatively high value, so that dust-
particles which are even slightly ionized can be
effectively precipitated. The ionizing and precip-
itating chambers 4 and 5, while performing dif-
ferent functions, merge one into. the other, with
no separating means of any kind therebetween.
The spacing between the plates 18 and 20 of
the collector cell assembly or precipitator chamber
should be as small as considerations of short-cir-
cuit difficulties will permit. I have found that,
with the larger plate spacings, the effects of ac-
cumulations of dirt-particles, in producing point-
discharges, is more noticeable, so that, as the
plate-spacing is increased, the voltage cannot be
increased at as rapid a rate as the plate spacing,
so that the wider spacings of the plates require
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apparatus which is somewhat larger in size than
apparatus having the smaller plate spacings. One
limit which Is encountered as to the closeness with

‘which the plates may be spaced is the impossibility

of obtaining commercial plates which are suffi-
clently flat. For instance, commercial plates 8
inches square will usually vary from 44 inch to
a7 inch, from being perfectly flat. There is a
range in plate-spacing, from about & inch or %
inch, up to %, inch, or even considerably larger,
that might be commercial. The plate-spacing in
the design which is shown in my drawings is ap-
proximately .22 inch, but this plate-spacing may
be very considerably reduced, with some resulting
economies In the size of the equipment, or it might
be considerably increased if there was no particu-
lar necessity for reducing the size of the precipi-
tator.

The length of the plates 19 and 20, in the
direction of air-flow, must be sufficiently high,
in consideration of the sizes and charges of the
dust-particles and the intensity of the electro-
static fleld between the plates, to withdraw sub-
stantially all of the dust-particles from the air,

-or any desired percentage thereof, such as 95%,

or 991, %, before the air passes out of the pre-
cipitator chamber. This is determined by the
velocity of drift of the charged dust-particles
under the influence of the electrostatic field, and

the maximum distance of drift, which is the dis-

tance between adjacent plates. The air-velocity
must be so chosen that the air is not blown out

of the precipitator before the dust-particles have

had time to drift over onto the negative plates.

There is also an upper limit of air-velocity,
which is the velocity at which the dust is blown
off from the plates unless the plates are coated
with oil or other adhesive material. For most
kinds of dirt, this limiting velocity is more than
800 feet per minute, but it is conceivable that in
some instances the dirt may be of such nature
that it will blow off at even 400 feet per minute.

In the design shown in my drawings, I utilize
about 14,000 volts on the ionizing wires 7, giving
an average voltage-gradient of 14,000/1.5 or 9,300
volts per inch in the ionizing space, and about
4500 volts on the charged plates 20, giving an
average voltage-gradient of 4500/.22 or 20,500
volts per inch in the precipitating space, although,
as will be understood from the foregoing discus-
sion, I am by no means limited to these particular
values. The voltage on the plates could advan-
tageously be very considerably increased, the only
objection to such increase being an occasional
flashover or spitting within the plate structure,
due to the presence of an insect or piece of
straw or lint in the precipitating chamber, which
does no harm, due to the limited current-output
of the transformer 217, because the insect or other

forelgn matter is quickly destroyed by a single

spark or flash, after which the voltage is instantly
restored and the apparatus operates as usual.

. Obviously, such large foreign particles may be
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excluded by suitable screening (not shown).
The plates of the precipitator chamber will
have to be cleaned at intervals varying from pos-
sibly a few hours, for artificial dust in commercial
operations, up to six months for cleaning typical
Pittsburgh city air in summer. This time might
be stated as of the order of one week or two
months, depending upon the time of the year
and the location of the city. Some kinds of dirt
can be removed by jarring the plates, or can be
blown off with a jet of compressed air. For
simplicity of illustration, I have shown my inven-

7

tion with a washing system for washing off the
dirt by means of a water sprayer or sprinkler,
thus avoiding the necessity for removing the
plates in order to clean them. By reason of the
high leakage construction of the transformer 21,
it is quite possible to wash the plates while the
transformer is energized, as the transformer will
limit the short-circuit current, which would re-
sult from the washing, to a value which will not
harm the tubes or other apparatus: or, if desired,
the set may be momentarily shut down during
the washing process. .

If a negative ionization is utilized, as by the
closure of the switch 70 in Fig. 8, the process will
be the same, except that the ionization of the
dust-particles will be negative, and will have to
be carried out at a somewhat lower voltage, as
has been indicated by showing the connections
for the capacitor 4f so that said capacitor is
energized across the transformer-taps 40—53 in-
stead of across the transformer-terminals 40—60.
The dust-particles will then be precipitated, in
the precipitator chamber, by being drawn over to
the positive plates.

While I have described my invention in a pre-
ferred form of embodiment, and have suggested
certain limits in accordance with my best under-
stand'ng of the same at the present time, I de-
sire it to be distinctly understood that I am not
altogether limited to these limits or understand-
ings, or to the particular form of embodiment
shown in the drawings. I desire, therefore, that
the appended claims shall be accorded the broad-
est construction consistent with their language
and the prior art,

I claim as my invention:

1. An air-purifying precipitator comprising a
metal supporting-frame, an ionizing chamber, a
separate precipitator chamber, and means for
causing an air-flow successively therethrough;
said ionizing chamber comprising one or more
insulatedly supported fine wires spaced between
substantially uninsulatedly supported, relatively
large electrodes; said precipitator chamber com-
prising a plurality. of insulatedly supported,
spaced, substantially parallel plate-electrodes,
substantially parallel to the direction of air-flow,
and a plurality of substantially uninsulatedly
supported, spaced, substantially parallel plate-
electrodes interspersed with said insulated plate-
electrodes and spaced therefrom: g plurality of
relatively low-voltage power-supply leads for
feeding electric energy into the precipitator;
voltage-conversion, relatively high-voltage means
for unidirectionally charging said fine wire or
wires and said insulated plate electrodes relatively
to said substantially uninsulated parts; and a
resistor for grounding said frame and said sub-
stantially uninsulated parts onto one of said low-
voltage leads, said resistor having a resistance
sufficiently large to prevent a shock from said
low-voltage power-supply, but sufficiently small
to dissipate any substantial charge tending to be
induced in said frame from said high-voltage
parts.

2. A gas-purifying precipitator comprising an
onizing chamber, a separate precipitator cham-
ber, and means for causing a gas-flow succes-
sively therethrough; said ionizing chamber com-
prising one or more insulatedly supported fine
wires spaced between - substantially uninsulated,
relatively large electrodes; said precipitator
chamber comprising a plurality of alternately in-
sulated and uninsulated, substantially uniformly
spaced, precipitating electrodes, substantially
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parallel to the direction of gas flow; & plurality
of relatively low-voltage power-supply leads for
feeding electric energy into the precipitator; and
limited-energy, voltage-conversion, relatively
high-voltage means for unidirectionally charging
said fine wire or wires and said insulated precip-

itating electrodes relatively to said substantially.

uninsulated parts, said limited-energy means
having such a limited wattage-output that it will
withstand a short-circuit on said relatively high-
voltage parts. .

3. The invention as specified in claim 2, char-
acterized by the fine wires being of less than 32
mils diameter, the wire-charging voltage being
below the critical corona voltage.

4. The invention as specified in claim 2, char-
acterized by the fine wires being of less than 32
mils diameter, the unidirectional charging volt-
ages being such that the potential-gradient in
the spaces between said plates is in excess of the
average gradient in the ionizing space.

5. An air-purifying precipitator as defined in
claim 2, characterized by the fine wires being of
less than 32 mils “diameter, the wires being
charged positively with respect to said relatively
large electrodes, and the wire-charging voltage,
the wire-diameter and the ratio of the wire-diam-
eter to the spacing between the large electrodes
being all sufficiently small and so proportioned
that the current-input in the ionizing chamber is

so small that the quantity of ozone generated is’

substantially indetectable by ordinary methods, at
the concentration in which it is present in the
treated air leaving the precipitator.

6. An air-purifying precipitator as defined in
claim 2, characterized by the fine wires being of
less than 32 mils diameter, the wires being
charged positively with respect to said relatively
large electrodes, and the wire-charging voltage,

the wire-diameter and the ratio of the wire-diam-

eter to the spacing between the large electrodes
being all too small to cause enough current-input
in the ionizing chamber to produce, in the treated
air, an ozone-concentration objectionable for
breathing purposes.

7. A gas-purifying precipitator comprising an
ionizing chamber, a separate precipitator cham-
ber, and means for causing a gas-flow successively
through first said ionizing chamber and then said
precipitator chamber; said ionizing chamber be-

ing provided with one or more ionizing units, each -

unit being disposed transverse to the gas-flow
and comprising a pair of parallel relatively large
electrodes and a single insulatedly supported rela-
tively small electrode: disposed betwen the pair
of large electrodes, the relatively small electrode
being a fine wire of less than 32 mils diameter,
the relatively large electrodes being of limited
extent in the direction of gas-flow and having an
effective surface having a radius of curvature
which is large at all points of said effective surface
as compared to the radius of curvature of the fine
wire, and means for unidirectionally charging
said fine wire relative to said large electrodes,
whereby foreign particles in the air are charged
by the fine wire; said precipitator chamber com-
prising a_plurality of parallel plates spaced more
closely than the spacing between said fine wire

and either of its associated relatively large elec-
trodes, and means for unidirectionally charging
said plates to alternate positive and negative
potentials such that the poténtial-gradient in the
spaces -between said plates is in excess of the
average gradient in the ionizing space.

8. The invention as defined in claim 7, char-
acterized by the wire-charging voltage being be-

- low the critical corona voltage.

9. An air-purifying precipitator as defined in
claim 7, characterized by the wire-charging volt-

age being so low that there is but a relatively

small current-flow, a substantially indetectable
amount of ozone-generation, and no important
amount of precipitation in the ionizing chamber.

10. An air-purifying precipitator as defined in
claim 7, characterized by the wire-charging volt-
age, the wire-diameter, the ratio of the wire-di-
ameter to the spacing between the large elec-
{rodes, and the limited extent of the large elec-
trodes, being all sufficiently small and so pro-
portioned that the current-input in the ionizing
chamber is so small that the quantity of ozone
generated is substantially indetectable by ordi-
nary methods, at the concentration in which it is
present in the treated air leaving the precipitator.

11. An air-purifying precipitator as defined in
claim 7, characterized by the wire-charging volt-
age, the wire-diameter, the ratio of the wire-
diameter to the spacing between the large elec-
trodes, and the limited extent of the large elec-
trodes, being all too small to cause enough cur-
rent-input in the ionizing chamber to produce, in
the treated air, an ozone-concentration objec-
tionable for breathing purposes.

12. The invention as defined in claim 7, char-
acterized by said fine wire being charged posi-
tively with respect to said large electrodes.

13. The invention as defined in claim 7, char-
acterized by sald fine wire being charged posi-
tively with respect to said large electrodes, and
the wire-charging voltage being so low that the

current-input in the ionizing chamber is of the

order of 10 micro-amperes, or less, per cubic foot
of gas treated per minute.

14. The invention as defined in claim 7, char-
acterized by said fine wire being charged posi-
tively with respect to said large electrodes, and
the wire-charging voltage being so low that the

power-input into the ionizing chamber is some-

what less than 0.1 watt per cubic foot of gas
treated per minute.

15. The invention as defined in claim 7, char-

acterized by said fine wire being charged nega-
tively with respect to said large electrodes, and
the wire-charging voltage being so low that the
current-input in the ionizing chamber is of the
order of 1 micro-ampere, or less, per cubic foot
of gas treated per minute.

16. The invention as defined in claim 17, char-
acterized by said fine wire being charged nega-
tively with respect to said large electrodes, and
the wire-charging voltage being so low that the
power-input into the ionizing chamber is some-
what less than 0.01 watt per cubic foot of gas
treated per minute.

GAYLORD W. PENNEY.
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