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(571 ABSTRACT

Discloses an electrostatic precipitator of the two chamber
type and specifically, a parallel plate electrostatic cell for the
precipitation chamber of said precipitator. The parallel plate
electrostatic cell is made up of a plurality of identical modular
electrode units in the form of louvered plates, having reinforc-
ing ribs and projecting vanes which are mounted so that the
vanes of one plate are interleaved with the vanes of an op-
positely charged plate and so that the plates are in parallel and
insulated relationship one to the other. The projecting vanes
form a plurality of open air passages and a plurality of electro-
static fields across said open air passages.

14 Claims, 12 Drawing Figures
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1
ELECTROSTATIC PRECIPITATOR

FIELD OF THE INVENTION

This invention relates to electrostatic precipitators and
specifically, to modular electrode units for forming a parallel
plate electrostatic cell in the precipitating section.

DESCRIPTION OF THE PRIOR ART

Various devices have been used or proposed for the electro-
static cleaning of gas streams. The operation of all of them
requires the use of spaced electrodes, the impressing of high
ionizing voltage on the electrodes to create an electrical field
and the passage of dust or particle laden gas streams through
the field whereby the particles are charged so that they
gravitate to oppositely charged surfaces and are deposited
thereon. In one form of known apparatus for precipitating par-
ticles from a gas stream, there are employed high voltageioniz-
ing or charging electrodes in an ionizing section and grounded
collecting electrodes in the form of plates extending longitu-
dinally along the path of the gas stream in the precipitating
section of the apparatus. Credit for the first two stage electro-
static gas cleaner has been normally accorded to Gaylord W.
Penney for the precipitator described in his U.S. Pat. No.
2,129,783. However, Penney credits two earlier patentees, i.e.
Schmidt; U.S. Pat. No. 1,343,285 and Moller; U.S. Pat. No.
1,357,466 with the proposal to more or less separate the func-
tion of ionization and precipitation in two separate chambers.
However, Penney has been generally regarded as a pioneer in
completely separating the two functions of the electrostatic
precipitator into ionizing and precipitation chambers so as to
limit the voltage required in the ionizing chamber and in the
precipitating chamber and thus limit the production of oxides
of nitrogen and of ozone by the highly charged electrical ioniz-
ing wires. Both of these gases (i.e. oxides of nitrogen and
ozone) have been indicted as causative agents in smog forma-
tion.

The fact that alternately charged plates in the parallel plate
electrostatic cells are mounted in such a manner as to avoid
arcing has resulted in the apparatus being rather bulky and

. heavy. Further, the mounting of the parallel plates in insulated
relation one to the other has involved a further problem when
removing the plates for periodic cleaning and when replacing
the plates after cleaning.

For this reason, there have been proposed a series of elec-
trostatic filters utilizing removable and disposable dielectric
filter media. Thus, in one type of electrostatic apparatus, such
as is illustrated in FIG. 2 of the present application, the dielec-
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tric filter media is disposed in zigzag relation over a series of 5

electrodes on the upstream edge of the electrodes so as to pro-
tect the electrodes and prevent dirt and debris from collecting
thereon. The dielectric media, per se, would be periodically
removed and cleaned or discarded. Apparatus of this type has
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trated in FIG. 1 offer minimal pressure drop. However,
because of the difficulty in mounting the parallel plates in suf-
ficiently close spaced relation to minimize the voltage require-
ments, such apparatus is somewhat bulky and requires rela-
tively high voltages to provide optimum operation. Further,
the problem of mounting the parallel plates in insulated rela-
tion and close spaced relation without short circuiting difficul-
ties involve expensive and time consuming mounting
techniques. One of the major problems has been the difficulty
in maintaining the plates.in perfectly flat condition. This was
pointed out in 1938 by the patentee Penney in U.S. Pat. No.
2,129,783 on pages 6 and 7 of his patent, (lines 66-75 of page
6 and lines 1-18 of page 7) as follows:
“The spacing between the plates 19 and 20 of the collector
cell assembly or precipitator chamber should be as small
as considerations of short-circuit difficulties will permit. I
have found that, with the larger plate spacings, the effects
of accumulation of dirt particles in producing point
discharges is more noticable 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 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 sufficiently flat. For in-
stance, commercial plates 8 inches square will usually
vary. from one sixty-fourth to one thirty-second inch from
being perfectly flat. There is a range in plate spacing from
about one-sixteenth or one-eighth inch up to one-half
inch or even considerably larger that might be commer-
cial. The plate spacing in the design which is shown in my
drawings is approximately 0.22 inch, but this plate spac-
ing may be very considerably reduced with some resulting
economies in size of the equipment or it might be con-
siderably increased if there was no particular necessity for
reducing the size of the precipitator.”

SUMMARY OF THE INVENTION

According to my invention, a simple economical and rugged
modular electrode unit is presented along with a novel means
of mounting said electrode unit in spaced and insulated rela-
tion to oppositely charged modular electrode units so as to
form a parallel plate electrostatic cell. Basically, my invention
envisions the use of a louvered metal plate prepared through a
simple and economical punching operation whereby project-
ing vanes are formed. The projecting vanes are attached to
reinforcing ribs so that the projecting vanes of one plate may
be interleaved with the projecting vanes of an oppositely
charged metal plate. In a preferred embodiment, the top or
bottom reinforcing ribs of a louvered plate is offset so that the
plates may be alternately turned upside down. Thus the pro-

been disclosed by Powers in U.S. Pat. Nos. 2,814,355; 55 jecting vanes of alternately charged plates are interleaved to

2,818,134; 2,864,460; 2,888,092 and 2,917,130.

Another known type of electrostatic gas cleaner illustrated
more or less diagrammatically in FIG. 3 and which is commer-
cially available is designed to avoid the problem of periodi-
cally cleaning the precipitated material from the collecting
electrode. This type of electrostatic filter comprises upstream
and downstream electrodes containing a porous dielectric or
insulating filter media sandwiched between the electrodes.
Particles which have become charged by the upstream elec-
trode are attracted toward the second electrode and become
lodged on the surfaces of the filter media. The disposable filter
media devices offer certain advantages in that the media can
be periodically removed and discarded but they present con-
siderable drawback in that they soon become clogged and
present an extremely high pressure drop. Further, unless the
dielectric media is periodically removed, even in comparative-
ly clean atmospheres, the filter becomes so clogged as to
prevent an appreciable flow of gas therethrough.

The use of the two chamber electrostatic filters containing
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form equidistantly spaced air passages and to form electro-
static fields across the vanes of alternate plates and across the
air passages formed by said vanes when voltage is applied to
one of the plates.

In still another embodiment, provision is made to mount
louvered plates in back to back conductive relationship to
form a modular electrode member of two louvered plates
bearing the same electrical sign. Thus one could mount the
projecting vanes of a first member into insulated and
equidistantly spaced relation with projecting vanes of a second
modular electrode member so as to provide and define open
air passages between the vanes of alternately charged mem-
bers and electrostatic fields between said plates normal to the
direction of airflow through the air passages. In still another
embodiment, provision is made so that the plates may be
turned 90° to provide a certain amount of stiffness in the back
to back assembly of similarly charged pairs of louvered plates
to form a modular electrode member. A modular electrode
member, then, is one or more louvered plates charged with the

parallel plate electrostatic cells, as diagrammatically illus- 75 same electrical sign.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view illustrating a typical prior art
two chamber fluid stream electrostatic particle precipitator
comprising an ionizing chamber and a precipitating chamber.

FIG. 2 is a fragmentary elevational view, illustrating an elec-
trostatic precipitator, utilizing a dielectric disposable filter
media, located on the upstream side of the electrode units.

FIG. 3 is a fragmentary exploded view illustrating another

type of commercial, electrostatic precipitator which utilizes a -

disposable dielectric filter media disposed between oppositely
charged screens.

FIG. 4 is a fragmentary plan view illustrating a prior art
commercial method of mounting parallel electrode plates in
insulated relation to form a parallel plate electrostatic cell.

FIG. 5 is an end view of the electrode mounting arrange-
ment shown in FIG. 4 illustrating the end insulator and the
method of mounting oppositely charged electrode plates to
form a parallel plate electrostatic cell.

FIG. 6 is a fragmentary and somewhat diagrammatic view of
a prior art air gap method of mounting electrode plates in in-
sulated relation to form a parallel plate electrostatic cell.

FIG. 7 is an elevational view of the louvered plate of this in-
vention, with the edges of the louvered vanes shown in section
so as to illustrate the fluid passages between vanes.

FIG. 8 is a partially exploded view from the top which illus-
trates in full lines the relationship of the vanes to the reinforc-
ing ribs of the modular louvered electrode member of this in-
vention formed by the back to back mounting of two lowered
plates and which illustrates in phantom lines the relationship
of said vanes to the vanes of an oppositely charged louvered
plate which has been pulled away for sake of illustration. FIG.
9 is a side elevational view turned 90° from the view of the
member of FIG. 7 which illustrates an assembly of modular
louvered electrode members mounted to form a parallel plate
electrostatic cell.

FIG. 10 is an enlarged fragmentary view of the structure il-
lustrated in FIG. 9 which illustrates the formation of a fluid
passage by vanes of differently charged electrode members
and an electrostatic field across said fluid passage.

FIG. 11 is an enlarged fragmentary view of an assembly of
modular louvered electrode plates similar to the assembly il-
lustrated in FIG. 9 except that the back to back mounting of
positively charged plates is such that the vanes of one plate of
the modular electrode member plate but are located at the
same level and in the same plane.

FIG. 12 illustrates a modification of the back to back
mounting arrangement wherein one plate of the pair of posi-
tively charged plates forming the modular electrode member
is turned 90° so that vane 38 lies in a perpendicular attitude
relative to vane 38 of other plate of the pair.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in detail, FIG. 1 illustrates a
typical two chambered electrostatic precipitator 1 consisting
of an ionizing section 2 formed by transversely disposed, posi-
tively charged ionizing wires 3 and a precipitating section 4
consisting of a parallel plate electrostatic cell § which includes
positively charged plates 6 and negatively charged or
grounded plates 7. Air enters the precipitator 1 in the
direction of the arrows and a particle entering the ionizing sec-
tion becomes charged at point 8 and is moved by the air
stream through the precipitator toward the parallel plate elec-
trostatic cell 5. As is somewhat diagrammatically illustrated,
the charged particle 8 is repelled from the positively charged
plate 6 and attracted to the negatively charged plate 7 where it
is electrostatically attached. As previously indicated, due to
the difficulty which has been encountered in producing a com-
pact and lightweight electrostatic unit for domestic or home
use, there has been proposed the use of dielectric filter media
in conjunction with charged electrode units. Thus, as is dis-
closed in FIG. 2, the dielectric disposable filter media 11 is ar-
ranged in zigzag fashion in frame 10 on the upstream side of
the electrode units 12. Air entering the unit in the direction of
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4

the arrow, contains particles which are attracted to the elec-
trode units 12 and thereby become enmeshed in the dielectric
disposable filter media 11. The filter media 11 is periodically
removed and cleaned or discarded. FIG. 3 illustrates another
type of disposable dielectric filter media which consists of an
acrylic mesh material 14 sandwiched between negatively
charged screen 13 and positively charged screen 15. Air enter-
ing the unit in the direction of the arrow is attracted toward a
charged screen and becomes enmeshed in the dielectric filter
media 14. This media 14 is periodically removed and
discarded. While these units have offered considerable ad-
vantage for use in the home in areas in which the air is rela-
tively clean, they are subject to the problem of excessive pres-
sure drop, particularly in comparatively dirty atmospheres and
areas in which the filters cannot be cleaned at very frequent
intervals.

Accordingly, in areas in which the electrostatic filters are
subjected to long continued heavy duty use in relatively dirty
atmospheres, parallel plate electrostatic cells are more feasi-
ble. Nevertheless, as indicated, one of the problems is in ob-
taining sheet metal plate material which is sufficiently flat and
which is sufficiently stiff so that the plates can be maintained
in spaced and insulated relation. The amount of voltage
required in the precipitating section as well as the space
required increases somewhat proportionately to the amount of
space between oppositely charged plates.

Further, the flat planar surfaces of the plates are subject to
bending and deformation during installation, transportation
and use. Such problems have evolved a series of mounting
methods. As disclosed in FIG. 4 and FIG. 5, one commercially
used method of mounting electrode plates involves the use of
slotted end insulators 20 and intermediate lengthwise insula-
tors and spacers 24. As will be noted, the slotted end insula-
tors contain slots 21 and 22 and a separating ledge 23 between
the two sets of slots. The positively charged plates 21E fit into
slots 21 while the negatively charged plates 22E fit into the
slots 22. A “Z” shaped extension of the positive plates 21Z is
connected to the separating ledge 23 by means of a potting
compound so that proper electrical connection can be made
to the “Z” shaped member 21Z. 22Z is similarly connected to
plates 22E. Nevertheless, because of the limber nature of the
lengths of plate material, it was found necessary to insert insu-
lating spacers 24 along the length of the electrostatic cell, to
separate the parallel plates 21E and 22E.

Still another prior art method of mounting parallel plates, il-
lustrated diagrammatically in FIG. 6, involves the use of a
positively charged rod 26 surrounded by a conductor and
spacing sleeve 27 which is in conducting relation with the
similarly charged positive plates 21E, but is separated from
the grounded plates 22E by air gap 25. Similarly, the negative
or grounded plates 22F are conductively connected by rod 28
and a conductor and spacing sleeve 29. Sleeve 29 is separated
from the positively charged plates 21E by means of air gap 25.
This method of mounting provides good electrical conductivi-
ty and good stable rigid connection. However, it requires a
plurality of rods which forms a relatively rigid and heavy
parallel plate electrostatic cell. The real problem, of course, is
that in order to utilize lightweight sheet metal plates, stiffness
must be maintained throughout the length of the plate and the
plate must be completely flat with little deformation. This is
required so that the plates may be maintained in closely
spaced parallel and insulated relation without encountering
arcing or short circuiting difficulties. The slightest damage and
deformation to one of the thin flexible, limber sheet metal
plates takes the entire bundle forming the cell out of service if
short circuiting occurs between oppositely charged plates.

Referring now to the preferred embodiment of this inven-
tion, a modular electrode unit in the form of a louvered elec-
trically conductive plate 30 is illustrated in FIG. 7. This plate
is preferably formed of thin, electrically conductive sheet
metal and consists of side reinforcing ribs 31, middle reinforc-
ing ribs 32, top reinforcing ribs 33 and bottom reinforcing ribs
34, It will be noted that the top reinforcing rib 33 is wider then
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the bottom reinforcing rib 34. A series.of apertures 35 are pro-
vided with a concave-convex boss 36 for connection to ad-
jacent plates or to insulators as will be described. The vanes 38
are formed in a preferred modification by the well known
punching technique whereby sheet metal is punched with a die
so that the vanes are cut out and bent perpendicularly to the
plane of the original sheet of metal. Thus, each vane 38 is con-
nected to the reinforcing ribs 31 and 32 by means of a tab 39
which is contiguous with the 1ib and with the vane itself. In this
manner, a large flexible piece of sheet metal can be formed
into a plate having a series of projecting vanes which in con-
junction with the vanes of an oppositely charged plate can be
closely spaced without danger of arcing or short circuiting.
These vanes define an air or fluid passage 45. An electrostatic
field 46 across the air passage 45 is formed by the oppositely
charged vanes 38 which define the air passage 45. As will be
noted, in FIG. 8 two louvered plates 30 are mounted in back
to back relation with the vanes of each member of the pair
disposed in opposite direction to form a modular electrode
member. Thus air flow can be in any of the directions illus-
trated by the arrows. The oppositely charged plate, shown in
phantom lines and pulled away from the pair of plates, illus-
trates how the vanes face each other and are interleaved so as
to define air passages 45. An electrostatic field, 46, is formed
across each air passage 45. Therefore, the direction the flow
of air is immaterial, since two opposing vanes form an air
passage 45 across which an electrostatic field 46 is formed for
precipitation of particles from the air. This will be better un-
derstood by reference to FIGS. 9 and 10, whereby a complete
assembly is illustrated of the positively and negatively charged
modular units. It will be noted that the units are separated
from each other by means of an insulator 40. A threaded nip-
ple 41 in the insulator 40 receives bolt 42 which is inserted
through the aperture 35 of the concavo-convex boss 36.
Similarly charged plates mounted in back to back relation are
secured together with a bolt through the apertures 35 of the
concavo-convex boss 36. The opposed vanes 38 of oppositely
charged plates form air passages 45 across which is formed an
electrostatic field 46 as is shown diagrammatically in FIG. 10.
Thus, as air passes through the parallel plate electrostatic cell,
it passes through a plurality of fluid passages 45 and a plurality
of electrostatic fields 46 so as to efficiently and effectively
precipitate the charged particles onto one or more of the
vanes 38. Since the vanes are relatively stiff because of their
width and length, there is essentially little problem of bending
or limberness so as to cause short circuiting or arcing. There-
fore, the vanes can be closely placed to form a compact and
sturdy parallel plate electrostatic cell for home and industrial
use.

It will be noted that in FIG. 9 and FIG. 10, the similarly
charged plates of the modular members are arranged so that
the vanes are disposed in opposite directions but not at the
same level or on the same plane. This arrangement, however,
can be made and it performs a preferred mounting arrange-
ment as is fragmentarily illustrated in FIG. 11. Further, as is
shown in FIG. 7, the axis B—B is more stiff than the axis A—
A, so by turning one of the plates of a pair 90° as is shown in
FIG. 12, the stiffness across the B—B axis can be ad-
vantageously utilized in back to back mounting to produce a
rigid stiff modular electrostatic member. Further, as previ-
ously indicated, the end reinforcing ribs are offset so that by
alternately placing the top rib 33 at the bottom and the bottom
rib 34 at the top, the spacing of opposed members is such that
the vanes 38 are equidistantly spaced from each other and in-
terleaved to form the fluid air passages 45 and the electro-
static fields 46 across said passages as previously indicated.

Tt will be appreciated that the modular louvered electrode
units of this invention can be mounted in such a manner as to
form a plurality of small cells which can easily be removed for
cleaning or for repair or can be mounted into one large unit
tied together by conventional means so that alternate plates or
pairs of plates are oppositely charged so as to form a plurality
of closely spaced fluid passages and a plurality of electrostatic
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6

fields across said passages for compact and efficient particle
precipitation from fluid streams.

While modifications will occur to those skilled in the art
from the detailed description of the drawings hereinabove
given, it is intended that this description be non-limiting, ex-
cept so as to be commensurate in scope with the appended
claims.

I claim:

1. In a two stage fluid stream electrostatic particle precipita-
tor, a collector electrode structure, adapted to be disposed in
a fluid stream, comprising a stack of modular electrode mem-
bers forming a parallel plate electrostatic cell in which a first
modular electrode member is mounted in insulated relation to
a second adjacent modular electrode member and in parallel
relation one to the other, and in which said first and second
modular electrode member are charged to a different electri-
cal potential, the improvement in which:

A. each modular electrode member includes an electrically

conductive louvered plate comprising:

1. reinforcing ribs;

2. a series of projecting vanes, and

3. attachment means for attaching each of said vanes to a
rib; ‘

B. the improvement in said collector electrode structure in
which:

1. said first modular electrode member is mounted with
its projecting vanes in opposed relation to the project-
ing vanes of a second modular electrode member,

a. the projecting vanes of said first modular electrode
member being interleaved with the projecting vanes
of said second modular electrode member,

b. the vanes of said first modular electrode member
lying in spaced insulated and parallel relation to the
vanes of said second modular electrode member;

C. the further combination therewith of a plurality of open
fluid passages. in said parallel plate electrostatic cell for
passage of said fluid stream,

1. said open fluid passages being defined by the projecting
vanes of said first modular electrode member inter-
leaved with the projecting vanes of said second modu-
lar electrode member; and,

D. a plurality of electrostatic fields extending between the
interleaved projecting vanes of said first and second elec-
trode members and across said open fluid passages, the
direction of said electrostatic fields being perpendicular
to said interleaved projecting vanes.

2. A precipitator, as defined in claim 1, in which:

A. each of said vanes are of equal size.

3. A precipitator, as defined in claim 1, in which each of

said vanes are equidistantly spaced from adjacent vanes.

4. A precipitator, as defined in claim 2, in which the vanes
of said first electrode member are of equal size to the vanes of
adjacent electrode members.

5. A precipitator, as defined in claim 3, in which the vanes
of a first modular electrode member are equidistantly spaced
from adjacent vanes and the vanes in an adjacent modular
electrode member are identically spaced relative to said first
member.

6. A precipitator, as defined in claim 1, in which:

A. each of said collector electrode members are formed into

louvered plates from a piece of sheet metal;

B. the vanes of said member being formed by a punching
operation on said sheet metal to cut a series of vanes and
to bend said vanes into a projecting attitude,

C. the remaining uncut metal forming the reinforcing ribs
for said louvered plates.

7. A precipitator, as defined in claim 6, in which:

A. said attachment means is a tab of the original sheet metal
remaining uncut in the punching operation and which is
contiguous with a corner of said vane and said rib.

8. A precipitator, as defined in claim 1, in which the project-
ing vanes are disposed in a plane perpendicular to the plane of
said ribs.

9. A precipitator, as defined in claim 1, in which:
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A. said first modular electrode member includes a first pair
of louvered plates mounted in conductive back to back
relation with the vanes of one plate projecting in opposite
direction to the vanes of the other plate of the pair; and

B. said second modular electrode member includes a
second pair of louvered plates, mounted in conductive
back to back relationship but in insulated relation to said
first modular electrode member, with the vanes of one
plate of said second pair projecting in the opposite
direction to the vanes of the other plate of said second
pair.

10. A precipitator as defined in claim 9, in which:

A. the vanes of one plate of said first pair of louvered plates
lie in the same plane as the vanes of the other plate of said
first pair of louvered plates and,

B. the vanes of one plate of said second pair of louvered
plates lie in the same plane as the vanes of the other plate
of said second pair of louvered plates.

11. A precipitator, as defined in claim 1, in which the lou-
vered plate forming a modular electrode member is rectangu-
lar in shape. .

12. A precipitator, as defined in claim 1, in which the width
of the reinforcing rib on one edge of said louvered plate is
greater than the width of said reinforcing rib on the other edge
of said louvered plate, so that the louvered plate may be
mounted with its projecting vanes at one of two levels,
equidistantly spaced from adjacent projecting vanes of ad-
jacent louvered plates.

13. A method of mounting modular electrode members to
form a parallel plate collector cell for disposition in a fluid
stream of an electrostatic precipitator, which comprises the
steps of:

A. mounting a first modular electrode member comprising
an electrically conductive louvered plate having reinforc-
ing ribs and projecting vanes in parallel and insulated
relation to a second modular electrode member of identi-
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cal configuration interleaving in spaced, insulated and
parallel relationship to the vanes of said second modular
electrode member; and

B. making electrical interconnections with said first and
second modular electrode members interleaving one of
said modular electrode members with an electric poten-
tial different than that of the other modular electrode
member.

14. A method of mounting modular electrode members to
form a parallel plate collector cell for disposition in a fluid
stream in an electrostatic precipitator, which comprises the
steps of:

A. forming a first modular electrode member by placing a
first electrically conductive louvered plate, having rein-
forcing ribs and projecting vanes, in back to back conduc-
tive relation, with a louvered plate of identical configura-
tion with the vanes of one plate projecting in opposite
direction to the vanes of the other plate;

B. forming a second modular electrode member by placing
a conductive louvered plate, having reinforcing ribs and
projecting vanes, in back to back conductive relation with
a louvered plate of identical configuration with the vanes
of one plate of said second modular electrode member
projecting in opposite direction to the vanes of the other
plate of said second modular electrode member;

C. interleaving the projecting vanes of one plate of said first
electrode member in spaced insulated and parallel rela-
tion to the vanes of a plate of said second modular elec-
trode member; and,

D. making electrical interconnections with said first modu-
lar electrode member and said second modular electrode
member and charging one of said modular members with
an electric potential different from that of the other
modular electrode member.
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