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Electrostatic Precipitator

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electrostatic
precipitatdr to be used in a powér plant, a cement plant, an
industrial waste incinerator, a road or a tunnel for removing
floating particles or radioactive dust, or for cieaning
indoor air.

Description of the Related Art

The electrostatic precipitator is based upon the
principle that dust is caught in a discharge portion of a
machine wusing a high voltage. In a casing of the
electrostatic.precipitator, discl'}arge electrodes (or negative
electrodes) for establishing a nén-uniform electric field
and dust-collecting electrodes for collecting the dusf are
spaced apart and arr;'ange.d opposite each other. "A high
voltage is applied between the discharge electrodes and the
dust-collecting electrqdes, and elecfricity is discharged in
the air between the two electrodes. Both a positive and a
neagtive discharge ' may  be used, a positive discharge,
however, produces less ozone.

In a prior art electros'tafic preéipi'£;£or 100, shown in
Fig. 14, a plurality of. platé s.haped. me_ta_l dust-collecting

electrodes 200 are positioned ‘at a - spacing so that their
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faces are paraliei. A plurality of wires 400 each
suspending a plurality of discharge electrodes 300 are
interposed between the dust-collecting electrodes 200. The
air to be treated is introduced between the electrodes,
parallel with the faces of the dust-collecting electrodes
200. The discharge electrodes 300 may be supported not only
by the wires _400, but also by rods or pipes.

A high negative wvoltage 'is applied to the discharge
electrodes 300 with respect to the dust-collecting
electrodes 200 to establish a corona discharge in the air,
thus forming charged zone between the dust-collecting and
discharge electrodes. The air to be treated is passed
through the charged zone _to negﬁtively charge dust particles m
floating in° 1.:he air. The charged dust partic].es m may then
be collected and. trapped by the dust-collecting electrodes
200, which are at a positive potential with respect to the
dust particles m. in addition, the electrostatic
precipitator 100 may be equipped with a blower for feeding
the air to be treated.

In the apparatus thué constructed, as shown in Fig. 15,
the dust-collecting electrodes 200 are disposed at an equal
spacing a, and the discharge electrodes 300 are disposed at
an equal spacing b between dust—cqllecting electrodes 200.
When a high negative potential is applied to the discharge

electrodes 300, a non-uniform electric field is established
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in the air between the electrodes by the corona discharge
from the leading ends of the discharge electrodes 300. As a
result, the ionized (charged) dust particles m are better
collected by the portions of the dust-collecting electrodes
200 directly opposite the ends of the discharge electrodes
300, because of the large voltage difference between the ends
of the discharge e}ectrodes 300 and the dust-collecting
electrodes 200.

In another example of the prior art, as shown in Fig.
16, an electrostatic precipitator 110 include dust-collecting
electrodes 510 ha\.ring' faces formed with a plurality of
apertures 510a. The dust-collecting electrodes 510a are
arranged at a ri'ght' angle with respect to the flow direction
(arrow) of t'h.e air. The electrostatic precipitator includes a
plurality of discharge electrodes 610 comprised of rectangular
metal plates with saw-toothed portions 610a on their edges.
The discharge electrodes 610 are arranged so that their faces
are arranged in parallel with the flow direction of the air.

As shown 1in Fig. 15, héwever, the dust particles m
collected by the dust-collecting electrodes 200 tend to move
slightly in the air £flow direction. In addition, after a
layer of dust particles m have coated the collecting €faces
of the dust-colleéting electrodes 200, the surface of the
layer of collected dust particles becomes slippery and dust

particles to be collected by . the dust-collecting electrodes
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easily escape the 'trapping action of the electric field.
Moreover, once a dust particle breaks away from an area near
the ends of lthe discharge electrodes, where the electric
field is strong, it floats downstream past an area where the
electric field is weak, and the electrostatic precipitator
fails to provide a high cleaning percentage.

In addition, the dust particles to be collected may be
partially ionized, thus becoming inversely ionized
particles, as indicated by m . The inversely ionized
particles m- may be collected by the discharge electrodes 300
in the non-uniform electric field.. In a case where, for
example, the discharge electro&es 300 have faces opposed to
the dust—collecting'electrodes 200, as shown in Fig. 15, the
non-uniform ‘e:lectric field may be established so that many
inversely ionized particles m- are collected by the discharge
electrodes 300 (as shown in the lower portion of Fig.. 15).
As a result, a clogging phenomena may occur, wherein dust
particles are collected by the ionizing 1lines (or the
discharge electrodes). This clogging phenomepa causes the
problem that the discharge current is weakened.

In the épparatus shown in Fig. 16, on the contrary,
there is proposed a device (as disclosed in Japanese Patent
Application Laid-open No. 31399/1991) for wvibrating the
dust-collecting electrodes 510 so as to prevent the clogging

phenomenon. When this vibrator acts, however, portion of the
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collected dust particles m are undesirably floated in the
air.

With the dust-collecting electrodes 200 arranged in
parallel with the flow direction, on the other hand, the
discharge electrodes 300 may be arranged in multiple stages
so that the dust left uncollected by an upstream stage may be
removed at a downstream stage. Unfortunately the downstream
stage has a 1low collecting pércentage. This 1is because
larger dust particles have a higher charging capacity and are
more likely to be immediately collected at the upstream side,
whereas smaller dust particles have a lower charging
capacity and are less likely to be collected at the upstreadm
or downstream sides. If the séacing between the different
kinds of ;e’lectrodes are gradually narrowed toward the
downstream side, lthe electric field would be accordingly
intensified to collect the smaller dust particles af the
downstream side. Since, however, the spacing a is unchanged
at the downstream side, the efficiency is not high. Because,
it is structurally impossible to narrow the spacing, the
efficiency is low for the large depth.

The dischar_ge electrodes 610 shown in Fig. 16 have a
one~stage structure in the flow direction, and these
structures have to be arrénged in multiple stages so as to
enhance the. efficiency. The multiple stages cause the depth

of the electrostatic precipitator to be enlarged, thus



-6 -

raising a problem in the space required for the
installation. In addition, when the plate-shaped electrodes
are vertically extended, it 1is necessary to prevent the

electrodes from bulging in a direction perpendicular fo the
faces of the electrodes. If recessed, on the contrary, the

dust-collecting efficiency is deteriorated.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
electrostatic precipitator which is eaSy to assemble and
which has improved air cleaning efficiency.

In order to achieve the -above-specified object,
according to the present invention, there is provided an
electrostatic’ precipitator that includes a plurality of
arrays of spaced parallel dust-collecting electrodes. - Each
array (hereinafter referred to as a "dust-collécting
electrode group") is comprised of a plurality of rectangular

dust-collecting electrodes arranged soO that their faces

extend vertically and are opposed +to each other. The
dust-collecting electrode group includes first
spacing-adjusting means for fixing the rectangular

dust-collecting electrodes in each group at a predetermined
spacing from each other. The dust-collecting electrode
groups are sequentially arranged in the electrostatic

precipitation at a predetermined spacing from each other such
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that the faces of the dust-collecting electrodes are parallel
to the flow direction of the gas passing through the
electrostatic precipitator.

The electrostatic precipitator also includes a plurality
of arrays of discharge electrodes. Each array (hereinafter
referred. to as a "discharge electrode group") includes a
plurality of rectangular discharge electrodes having saw-
toothed portions at their edges. The discharge electrodes are
juxtaposed to each other so that their faces extend vertically
and opposed to each other. The discharge electrode group
"includes second spacing-adjusting means for fixing the rectan-
gular discharge electrodes in each group at a predetermined
spacing from each other. The_discharge electrode groups are
sequentialIY'.arranged at a predetermined spacing from each
other and are arranged so that the faces of the discharge
electrodes are parallel to the flow direction of a gas paésing
through the electrostatic precipitator. The discharge elect-
rode groups are interposed at a predetermined spacing between
adjacent pairs of the dust-collecting electrode groups.

In the above-specifiéd construction, = moreover, the
predetermined spacings between the dust-collecting electrodes
and the predetermined spacings between the discharge
electrodes, which are fixed by the first and second spacging
adjusting means, are sequentially nafrowed from the upstream

side of the electrostatic precipitator to the downstream
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side. The predeterxhined spacings between the dust-collecting
electrode groups and the discharge electrode groups are also
sequentially narrowed from the upstream side of the
electrostatic prec'ipitatér to the downstream side.

Under the above constitution, according to the present
invention, the dust-collecting electrode gr.oups and the
discharge electrode groups are arrangéd sequentially, and
alternately, in the flow direction of the gas. This
arrangement' can Dbe achiéved by first constructing the
dust-collecting electrode groups and the .discharge electrode
groups utilizing spacers (or the spacing adjusting means) and
then mounting the _dust-collecting and discharge electrode
groups in a casirig. The casi'ng may be equipped with a
plurality df’ mounting brackets (or spacing-adjusting meansj
juxtaposed transversely of the air passage for mounting the
plurality of dust-collecting electrodes and the plurality of
discharge electrodes separately. In the multistage
construction, too, the assembly can be made in a similar
manner.

Since, in this case, the electrodes at an equal
potential are connected by the predetermined spacing-adjusting
means, the spacing between the electrodes need not be
considered at the assembling time. Moreover, the electrodes
at the equal potential are positioned in the bulging

direction, so no structural problem_ is caused by the warping

o
"



phenomenon.

The dust-collecting electrode groups and discharge
electrode groups, thus arranged, have their plate-end-portions
opposed to each other so that each diséharge electrode
group discharges electricity toward the two adjacent
dust-colleéting electrode groups arranged at the upstream and
downstream sides. As a result of this electriéal discharge,
the dust particles in the air tend to be more attracted to
the downstream edges of the electrodes of the dust-collecting
electrode group arraﬁged at the upstream side of ech
discharge electrode group, rather than the dust-collecting
electrode group on_ the downstream side of the discharge
electrode groups. Even. if the upstream edges of the
elecfrodes o:f a ddwnstream dust-collecting electrode group
are confronted by a discharge electrode group, they tend to
collect 1little dﬁst because they are exposed to a fiow of
air that has ali‘eady ‘been cleaned by an upstream dust-
_collecting electrode group. Moreover, the dust, if collected,
can be easily dropped by vibrating the dust-collecting
electrode groups. Incidentally, the dust-collecting electrode
groups are arranged downstream of the discharge electrode
groups to reinforce the casing.

By the first and _second spacing adjusting means, the
spacing between the individual dust-collecting electrodes and

discharge electrodes 'of the dust-collecting electrode groups



- 10 -

and the discharge. electrode groups can be sequentially
narrowed from the upstream side to the downstream side of the
electrostatic precipitator to increase the electric field
intensity and the current density at the downstream side,
thereby enhancing the performance of the multistage
dust-collecting function. Moreover, the spacing between the
dust-collecting electfode Qroups and the discharge electrode
groups can also be sequentially narrowed from the upstream to
the downstream side of fhe gas passage' to improve the
performance of tﬁe multistage dust-collecting function.

From the above constitution, the spacing between
electrodes of the same kind and different kinds can be
sequentially narrowed in the dust collecting electrode groups
and the diScLarge electrode groups arranged at the downstream
side to increase the electric field intensity and the current

density applied to the dust at the downstream side.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view shoWing a portion of an
electrostatic preéipitator according to an embodiment of the
present invention.

Fig. 2. is a perspective view showing the electrostatic
precipitator of Fig. 1.

Fig. 3 is a top plan view showing the arrangement of

dust-collecting electrodes and discharge electrodes of the
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electrostatic precipitator shown in Fig. 1.

Fig. 4 is a top plan view for illustrating the actions
of dust-collecting electrodes and discharge electrodes of the
electrostatic precipitator shown in Fig. 1.

Fig. 5 is a top plan view of an embodiment in which the
spacing between electrodes is varied.

Fig. 6 is a top plan view of an embodiment in which the
spacing between .electrode groups is varied in the gas flow
direction.

Fig. 7 1is a front elevation vi.ew showing a dust-
collecting block of another embodiment of the invention.

Fig. 8 is a JJ.Eront elevation view showing a discharge
block of another embodiment of the invention.

Fig. 9. is a -sectional view showing an electrostatic
precipitator iﬁ which the dust-collecting block of Fig. 7 and
the discharge block of Fig. 8 are combined. |
| Fig. 10 is a perspective view showing a structure for
mounfing the dust-collecting electrodes shown in Fig. 7.

Fig. 11 1is a -perspective view showing a portion. of a
comb-shaped guide frame for supporting the central portion of
the dust—collecting elecfrodes shown in Fig. 7.

Fig. 12 is a top plan view showing the arrangement of
the dust-collecting electrodes of Fig. 7 and the comb-shaped
guide frame.

Fig. 13 is a perspective view showing a portion of a
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guide rod fo; suéporting the central portions of the
discharge electrodes shown in Fig; 8.

Fig. 14 is a perspective view showing a portion of an:
electrostatic precipitator of the prior art.

Fig. 15 is a top plan view showing the arrangement of
the electrodes of Fig. 14.

Fig. 16 is a perspective view showing the arrangement
of the electrodes of another electrostatic precipitator of

the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described in connection
with several embodiments and with reference to the
accompanying .drawings. As shown in Fig. 1, a plurality of
dust-collecting electrodes. 2, in a shape of rectangular
_plates, are connected between spacere (or spacing—adjﬁsting
means) 7 (7a, 7b and 7c¢) to form an array 8 of dust-
collecting electrodes (hereinafter referred to as
"dust-collecting electrode group 8"). A plurality of
discharge electrodes 6, having saw-toothed portions 6a at
alternate edges, are connected between spacers (or
spacing-adjusting means) 9 (9a and 9b) to form an array of
discharge electrodes 10 (hereinafter _refefred to as
"discharge electrode_ group 10%). The dust-collecting

electrodes 2_ and the discharge electrodes 6 are made of
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electrically conductive metal (such as flat steel). The
spacing between the dust-collecting electrode groups 8 and
the discharge electrode _' groups 10, and the sizes of the
spacers 7 and 9 are selected to enhance the air c¢leaning
efficiency of the electrostatic precipitator.

In the electrostatic precipitator 1, as shown in Fiq.
2, a plurality of stages of unlits 11, in which discharge
electrode groups 10 are arranged and fixed between adjacent
pairs of dust-collecting electrbde groups 8, are suspended
from a casing 12. As shown in Fig. 1, the dust-collecting
electrode groups 8 and the discharge electrode groups 10 are
fixed in the unit 11_ by means of screws 13 extending from the
end portions of the spacers 7 and 9. A negative electrode
at a high »r.xegative' voltage is connected to the discharge
electrode groups 10, énd a positive electrode is connected
to the dust-collecting electréde groubs 8. The air fo be
treated by the electrostatic precipitator_ is introduced
between the electrodes by a blower.

The sizes and arrangements. of the individual dust-
collecting electrodes 2 and the discharge electrodes 6 of the
dust-collecting electrode groups 8 and the discharge electrode
groups 10 are selected, as shown in Fig. 3, such that the
width s of the discharge eiectrode' 6 is about two times as
large as the width t of the dust-collecting electrodes 2.

The spacing ¢ between the dust-collecting electrodes 2 and
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the discharge electrbde 6 is about two times as large as the
width of the dust-collecting electrodes 2. The spacing a
between the dust-collecting electrodes 2 is smaller than the
width t of the dust-collecting electrodes. The spacing b
between the discharge electrodes 6 is larger than the spacing
between the dust-collecting electrodes 2. According to the
inventor's past expe;iences,_the dust-collecting electrodes 2
are frequently sized to have a width of between approximately
10 and 100 mm and a thickness of between approximately 0.5
and 50 mm. The.discharge electéodes 6 are frequently sized
fo have a thicknesé of between approximately 0.3 and 2 mm.
Incidentally, as the_discharge electrodes 6 are made thinner,
the electriéal discharge effect is enhanced.

When a»ﬁigh voltage is applied to a discharge electrode
group 10 arranged between a pair of dust—coliecting electrode
groups 8, as shown in Fig. 4, a discharge current -flows
between the discharge and dust—coliecting electrode groups and
establishes a stereoscopic, complicated, non-uniform electric
field. Since the discharge electrodes 6 of the. discharge
electrode group 10 have their adjoining faces héld at an
equal potential, no electric field is established that would
drasticlly reduce the collection of inversely charged
particles m- by the dust-collecting electrode groups 8.
Charged dust particles m are attracted by and deposited on

the downstream edges of the electrodes 2 of the
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dust-collecting electrode groups 8, which are opposite the
upstream edges of the electrodes 6 of the discharge electrode
groups 10. After a layer of dust particles m builds up on the
dust-collecting electrodes, the surface of the dust particle
layer becomes slippery and dust particles to be collected by
the dust-collecting electrodes easily escape the trapping
action of the electric field. However, the dust particles m
are attracted against the gas flow onto the downstream
edges of the electrodes 2 of the dust-collecting electrode
groups 8 by the action of the discharging electric field.
When the dust particles m aggregate and deposit to the point
that they cannot be held by the attracting force, the
particles drop down.' Thus, the air is cleaned.

Moreover: since thé dust-collecting electrodes 2 have
vertical faces, and since the electric field is ﬁon—uniform,
the collected dust 'particleé m drop 'without moving to an
adjoining dust-collecting electrode 2. Since the discharge
electrode : groups 10 have little deposition of the inversely
charged particles m-, they have a low resistance to the
discharge, and the discharge electrodes can maintain a high
discharge current, thus extending the lifetime of the
apparatus}

The relationship between the dust—cbllecting electrode
groups 8 and the discharge electrode groups 10 of the

electrostatic precipitator 1 will now be described with
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reference to Fig. 5; The spacers 7 (as shown in Fig. 1) used
for connecting the dust-collecting electrodes 2 are made
shorter (a > al, as shown in Fig. 5) the farther downstream
in the air flow they are located. The spacers 9 (as shown in
Fig. 1) used for connecting the dischargg electrodes 6 are
made shorter (b > bl, as shown in Fig. 5) the £farther
downstream in the air flow they are 1located. In short, the
spacings between the electrodes can be narrowéd for the
electrodes located downstream to increase the current
density. As a result, even small dust particles of small
charging capacity can be collected.

On the other hand, what is shown in Fig. 6, the
spacing between the electrodes of different kinds of
electrode gr;ups can be progressively narrowed the further
:downstream tﬁe electrode groups are located (c > cl in Fig.
6). As a result,the field intensity can be streng£hened
downstream to collect even dust particles m of small size.
Moreover, the electrodes arranged downstream can be arranged
so that the spacing between eléctrodes of the same kind and
of different kinds are narrowed so that the field
intensity applied to the dust particles, and the current
density, can be increased in the downstream portions of the
electrostatic precipitator, thus improving the air cleaning
efficiency.

Fig. 7 shows a dust-collecting block 14, in which
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vertically elongated dust-collecting electrodes 2 are
directly attached to £he casing 12. On the upper frﬁme 12a
and the 1lower frame 12b of the casing 12, there are
juxtaposed a plurality of mounting brackets 15 (or
spacing-adjusting means). The mounting brackets 15 have a
predetermined spacing and are equipped with screws 16 (as
shown in Fig. 10) for fastening the plurality of
dust-collecting electrodes 2 to the casing 12 to constract
the dust-collecting electrode groups 8. As shown in Fig. 10,
moreover, the mounting brackets 15 mounted on the lower frame
12b are formed with slots 17 for adjusting the tension in the
dust-collecting electrodes 2.

To the central portions of the dust-collecting
electrodes 2; however, there is attached a comb-shaped guide
frame 18, which is equipped with a plurality of teeth 18a
juxtaposed to be inserted  between the dust—collécting
electrodes 2, as shown in Eigs. 11 and 12. As a result, the
dust-collecting electrodes 2 can be prevented from warping so
that the collected dust can be drdpped down by vibrating the
comb-shaped guide frame 18.

Fig. 8 shows a discharge block 19, in_ which vertically
elongated discharge electrodes 6 are directly attached to a
frame 20 suspended from the casing 12. The frame 20 has its
upper frame 20a and lower frame 20b eqﬁipped with a plurality

of mounting brackets 15 (or the spacing-adjusting meéns).
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A plurality of diséharge electrodes 6 are attached to the
plurality of mounting brackets 15 by means of screws 16 (as
shown in Fig. 10). A guide rod 21 is arranged along the
santoothed portions 6a to stabilize the central portions of
the discharge electrodes 6, as shown in Fig. 13.

A discharge block 19 is interposed between a pair of
dust-collecting blocks 14, as shown in Fig. 9, to consf:uct
the minimum unit of the electrostatic precipitator 1. The
electrostatic precipitator 1, thus constructed, can be
large-sized (having a height of about 10 m, for example),
because no danger arises from warping of electrodes, even
when the dust-collecting electrodes 2 and the discharge
electrodes 6 are as'long as several meters. Incidentally, the
mounting cpération is easier than the first-mentioned
embodiment ahd does not require any spacers.

In addition, the upper frames 12a or 20a of the .dust—
collecting and. discharge blocks may be equipped with _hboks
instead of the mounting brackets 15. The hooks suspend the
upper portions of the dust-collecting electrodes 2 and the
discharge electrodes 6 to +tension the electrodes 2 and 6,
while the lowef portions of the electrodes 2 and 6 are
adjusted and fixed.

According to the constitution of the present invention
thus far described, the dust-collecting electrode groups and

the discharge electrode'groups, formed as dust-collecting and
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discharge blocks; can be easily assembled into a casing. As a
result, it is possible to make a casing having a small size
and a st_rong structure, or to make a casing having a lafge
size, by attaching the dust-collecting electrodes or the
discharge electrodes directly to the casing, thereby facsili-
tating the installing operatibn.

In addition, the dust particles are intensely attracted
to the downstream edges of the electrodeé of the
dust-collecting electrode group upstream of the discharge
electrode group. Even if a large quantity of dust particles
are deposited so that the particles easily detach from the
dust-collecéing electrodes and float downstream, the
particles will bé pulled back upstream by the attractive
forces. A; a result, the depositeddust particles tend to
drop downwards due +to gravity, while being obstructed by
neither the dust-collecting electrodés, nor the diécharge
electrodes, thus improving the air cleaning efficiency.

By providing the first and second spading-adjusting
means, i.e., the spacers between electrodes, the spacing
between the electrodes of the dust-collecting and discharge
electrode groups can be easily narrowed. In addition, the
spacing between  the dust-collecting and discharge electrode
groups can also be narrowed. Thus, it is possible to provide
an electrostatic precipitdﬁor having excellent performance

by sufficiently exploiting the multistage construction.

.
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THIS SHEET HAS BEEN
REPLAGED

WHAT IS CLAIMED IS:

1. An electrostatic precipitator comprising:

a plurality of arrays of spaced parallel dust-collecting
electrodes, each array including a plurality of rectangular
dust-collecting eléctrqdes so juxtaposed to each other as to
have their faces placed vertically and opposed to each other;

first spacing adjusting means for fixing said rectangular
dust-collecting electrodes in each array at a éredetermined
spacing from each other, said arrays of dust-collecting
electrode being so -sequeptially arranged at a predetermined
spacing from | each other that the - faces of said
dust-collecting electrodes are -parallel to the flow direction
of a gas; '

a plurality of arrays of diécharge electrodes, each -array
including a plurality of rectangular discharge electrodes
each having saw-toothed portions at alternate edges, said
~discharge elecﬁrodes being so juxtaposed- ‘to each other as to
have their faces placed vertically and opposed to each other;
and

second spacing-adjusting means . for fixing said
réctangular discharge electrodes in each array at a
predetermined spacing f£rom each other, and

said arrays of the discharge electrodes being so

sequentially arranged at a predetermined spacing from each
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other that the faces of said discharge electrodes are
directed in parallel with the gas flow direction, each array
of the discharge electrodes being interposed at a
predetermined spacing between the adjacent two arrays of the

dust-collecting electrodes groups.

2. An electrqstatic precipitator as claimed in claim 1,
wherein the prédetermined spacing between .said . dust
collecting electrodes or said discharge electrodes by said
first or second spacing-adjusting means is sequentially
narrowed from the upstream side to the downstream side of the.
electrostatic precipitator, in said gas flow direction.

3. An elgctrostatic precipitator as claimed in élaim 1,
wherein the predetermined spacing between said arrays of the
dustcollecting electrodes and of the discharge electrodes is
sequentially narrowed from the upstream side to the
downstream side of the electrostatic precipitator, in said gas

flow direction..
-
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