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(54) ELECTROSTATIC PRECIPITATOR

(57) Provided is an electrostatic precipitator that
does not require a large-capacity extraction device when
collecting a PM, demonstrates high dust collection per-
formance which is free from clogging or re-entrainment
under high-blowing-rate conditions, and has a low prob-
ability of malfunctioning. The apparatus includes a plate-
shaped electrode (20) having formed therein a plurality
of through holes that allow the PM to pass therethrough;
a discharge electrode (30) disposed to face one surface
of the plate-shaped electrode; a discharge generating
unit that applies a voltage between the plate-shaped
electrode and the discharge electrode and generates an
electric discharge imparting a Coulomb force to the PM;
a collection region that is formed on an opposite side of
the plate-shaped electrode to a surface thereof facing
the discharge electrode and collects the PM; a gas flow-
through region (33) that is formed between the plate-
shaped electrode and the discharge electrode and allows
a PM-containing gas to flow therethrough; and a PM re-
covery unit (50) that causes a recovery gas to flow
through in the collection region in a direction crossing the
flow-through direction of the PM-containing gas and

strips away and recovers the collected PM in a flow-
through state of the PM-containing gas.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electrostatic
precipitator that removes particulate matter (PM) from a
PM-containing gas such as exhaust gas, for example, of
an internal combustion engine, which includes the PM.

BACKGROUND ART

[0002] Exhaust gas discharged from an internal com-
bustion engine includes hazardous substances such as
NOx, SOx, and also PM including carbon as the main
component. The PM that has penetrated into a human
body as a result of breathing is known to cause various
health problems, and it is desirable to develop a PM col-
lecting apparatus with high collection efficiency.
[0003] A method in which a filter is disposed in an ex-
haust gas duct can be used in such a PM removing ap-
paratus, but the filter can be easily clogged and has a
large pressure loss. By contrast, an electrostatic precip-
itator does not have a risk of clogging and has a small
pressure loss, and therefore can be effectively installed
in the exhaust gas duct of an internal combustion engine.
[0004] A dust collecting apparatus comprising a dis-
charge electrode 201 in a flow of gas including a partic-
ulate matter, a filtration device 202 provided opposite the
discharge electrode 201, a high-voltage power source
203 that applies a high voltage between the discharge
electrode 201 and the filtration device 202, an extraction
blower 204 that adjusts the gas flow passing through the
filtration device 202, and a main blower 205 that sucks
in the exhaust gas, for example, as shown in FIG. 14, is
known as a PM collecting apparatus of such an electric
dust collection system (see, for example, Patent Docu-
ment 1). Likewise, a dust collecting apparatus is also
known in which the extraction blower 204 is omitted, a
gas outlet is divided in two, and a damper 210 for pressure
loss adjustment is provided in each gas outlet instead of
the blower, as shown in FIG. 15 (see, for example, Patent
Document 1).
[0005] A dust removing apparatus is also known which
includes a discharge electrode 201 in a gas flow including
a particulate matter, a filtration device 202 having a coun-
ter electrode 207 disposed opposite the discharge elec-
trode 201, a high-voltage power source 203 that applies
a high voltage between the discharge electrode 201 and
the filtration device 202, and a closed space 208 provided
inside the filtration means 202 or at the rear surface there-
of, as shown in FIGS. 16 and 17 (see, for example, Patent
Document 2).

Patent Document 1: Japanese Patent Application
Publication No. H2-63560.
Patent Document 2: Japanese Patent Application
Publication No. H2-184357.

DISCLOSURE OF THE INVENTION

[0006] However, in the conventional example shown
in FIG. 14 which is described in Patent Document 1, the
amount of the exhaust gas flowing through the filtration
device 202 is adjusted by the extraction blower 204, but
since the filtration device 202 is required to use a filtration
material with sufficiently fine pores for filtering the partic-
ulate matter of a submicron-order size, the loss of pres-
sure in the filtration device 202 is large and a large-ca-
pacity blower should be used as the extraction blower
204. In this case, after operating for a certain time, the
filtration device 202 is clogged by the particulate matter
209, as shown in FIG. 18, and the dust collection be-
comes impossible. The resultant unresolved problem is
that the filtration device 202 should be frequently re-
placed. Conversely, where the capacity of the extraction
blower 204 is small, the amount of gas flowing through
the filtration device 202 is small. Therefore, as shown in
FIG. 19, the particulate matter 209 is mostly collected
close to the surface of the filtration device 202. In this
case, the collected particulate matter 209 is exposed to
the main gas flow. The unresolved problem encountered
in this case is that when the conditions are changed to
obtain a high-speed main gas flow, the particulate matter
collected on the surface of the filtration device 202 is
stripped away by the drag of the main gas flow, so called
re-entrainment.
[0007] Likewise, in the conventional example shown
in FIG. 15 and described in Patent Document 1, the ex-
traction blower can be omitted, and the extraction amount
in the filtration device 202 is adjusted by the pressure
loss regulating damper 210. Therefore, since the filtration
device 202 is required to use a filtration material with
sufficiently fine pores for filtering the particulate matter
of a submicron-order size, the loss of pressure in the
filtration device 202 is large and the pressure loss regu-
lating damper 210 should be regulated to assume a near-
ly closed state. In this case, the pressure loss in the main
flow caused by the pressure loss regulating damper 210
increases, and therefore a large-capacity blower should
be used as the blower 205. Yet another unresolved prob-
lem is that, as shown in FIG. 18, where the filtration device
202 operates for a certain time, the device is clogged and
the dust collection becomes impossible. Conversely, the
unresolved problem encountered when the closing de-
gree of the pressure loss regulating damper 210 is small
is that, although the capacity of the blower 205 may be
reduced, since the amount of gas blown through the fil-
tration device 202 is also small, the particulate matter
209 collected on the surface of the filtration device 202
is stripped away, as shown in FIG. 19. Yet another un-
resolved problem is that a movable mechanism such as
the pressure loss regulating damper 210 is extremely
prone to failure in a high-temperature exhaust gas.
[0008] In the conventional example shown in FIG. 16
and described in Patent Document 2, the secondary flow
created by an ion wind generated between the discharge
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electrode 201 and the counter electrode 207 has a max-
imum flow velocity of about 2 m/s. Since the filtration
device 202 is required to use a filtration material with
sufficiently fine pores for filtering the particulate matter
of a submicron-order size and the pressure loss of the
filtration device 202 is large, it is difficult to cause a suf-
ficient amount of gas to pass through the filtration device
202 only with the secondary flow created by the ion wind,
and the particulate matter 209 is mostly collected close
to the surface of the filtration device 202, as shown in
FIG. 20. In this case, the collected particulate matter is
exposed to the main gas flow. The unresolved problem
encountered in this case is that when the conditions are
changed to obtain a high-speed main gas flow, the par-
ticulate matter 209 collected on the surface of the filtration
device 202 is stripped away by the drag of the main gas
flow.
[0009] The present invention has been created to re-
solve the problems unresolved in the above-described
related art, and it is an objective of the present invention
to provide an electrostatic precipitator that does not re-
quire a large-capacity extraction device when collecting
a PM, demonstrates high dust collection performance
which is free from clogging or re-entrainment under high-
blowing-rate conditions, and has a low probability of fail-
ure.
[0010] In order to attain the abovementioned objective,
an electrostatic precipitator according to a first aspect of
the present invention includes: a plate-shaped electrode
having formed therein a plurality of through holes that
allow a particulate matter to pass therethrough; a dis-
charge electrode disposed to face one surface of the
plate-shaped electrode; a discharge generating unit that
applies a voltage between the plate-shaped electrode
and the discharge electrode and generates an electric
discharge imparting a Coulomb force to the particulate
matter; a collection region that is formed on an opposite
side of the plate-shaped electrode to a surface thereof
facing the discharge electrode and collects the particu-
late matter; a gas flow-through region that is formed be-
tween the plate-shaped electrode and the discharge
electrode and allows gas including the particulate matter
to flow therethrough; and a particulate matter recovery
unit that causes a recovery gas to flow through in the
collection region in a direction crossing the flow-through
direction of the gas including the particulate matter and
strips and recovers the collected particulate matter in a
flow-through state of the gas including the particulate
matter. The particulate matter in the gas including par-
ticulate matter is electrically charged by the electric dis-
charge and collected in the collection region through the
through holes, and the particulate matter collected in the
collection region is stripped away and recovered by the
recovery gas.
[0011] With such a configuration, the particulate matter
in the gas including the particulate matter is electrically
charged by the electric discharge, such as corona dis-
charge and barrier discharge, generated between the

discharge electrode and plate-shaped electrode, the
charged particulate matter is moved by a Coulomb force
through the through holes into the collection space
formed on the surface of the plate-shaped electrode on
the side opposite that facing the discharge electrode, and
the particulate matter is collected in the collection space.
The collected particulate matter is stripped away and re-
covered by the recovery gas flowing through in the direc-
tion crossing the flow-through direction of the exhaust
gas including the particulate matter. As a result, the par-
ticulate matter can be reliably stripped away and recov-
ered by the recovery gas in the flow-through state of the
exhaust gas including the particulate matter, with the ex-
haust gas including the particulate matter not being in-
volved in re-entrainment.
[0012] In the electrostatic precipitator according to a
second aspect of the present invention, the discharge
generating unit generates a corona discharge by apply-
ing a DC voltage between the plate-shaped electrode
and the discharge electrode.
[0013] According to the second aspect, the PM is elec-
trically charged and a Coulomb force is applied thereto
by a corona discharge generated between the plate-
shaped electrode and the discharge electrode.
[0014] In the electrostatic precipitator according to a
third aspect of the present invention, the discharge elec-
trode includes: a plate-shaped electrode main body that
has a rectangular cross section, with the long sides of
the cross section facing the plate-shaped electrode; and
thorn-shaped discharge portions formed at the short
sides of the cross section of the plate-shaped electrode
main body.
[0015] According to the third aspect, the discharge por-
tion of the discharge electrode is configured by thorn-
shaped discharge portions. Therefore, a comparatively
thick discharge portion can be formed. As a result, the
processing and assembling are facilitated, the production
cost can be reduced, and the service life can be extend-
ed.
[0016] In the electrostatic precipitator according to a
fourth aspect of the present invention, the extension di-
rection of the plate-shaped electrode main body crosses
the flow-through direction of the gas including the partic-
ulate matter.
[0017] According to the fourth aspect, with such a con-
figuration, by arranging the thorn-shaped discharge por-
tion in a plurality of discharge electrodes such that posi-
tions thereof do not overlap, it is possible to form the
corona discharge region effective with respect to the en-
tire gas including the particulate matter that flows there-
through and the particulate matter removal ratio can be
increased.
[0018] In the electrostatic precipitator according to a
fifth aspect of the present invention, the discharge gen-
erating unit generates a barrier discharge by applying an
AC voltage between the plate-shaped electrode and the
discharge electrode.
[0019] According to the fifth aspect, the PM is electri-
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cally charged and a Coulomb force is applied thereto by
a barrier discharge generated between the plate-shaped
electrode and the discharge electrode.
[0020] In the electrostatic precipitator according to a
sixth aspect of the present invention, the discharge elec-
trode is formed by a metal electrode and a dielectric cov-
ering the metal electrode to have a plate shape having
a plate surface along the flow-through direction of the
gas including the particulate matter.
[0021] According to the sixth aspect, since the metal
electrode is covered by the dielectric, a barrier discharge
plasma column can be generated between the discharge
electrode and the opposing plate-shaped electrode and
a silent discharge can be realized.
[0022] In the electrostatic precipitator according to a
seventh aspect of the present invention, the discharge
electrode operates as a heater which is configured by a
heat generating resistor connected between a pair of ter-
minals and burns the adhered particulate matter when a
voltage is applied between the pair of terminals.
[0023] According to the seventh aspect, the particulate
matter adhered to the discharge electrode can be burned
and removed.
[0024] In the electrostatic precipitator according to an
eighth aspect of the present invention, two sets of the
plate-shaped electrode and the discharge electrodes are
disposed in parallel in a relationship such that the plate-
shaped electrodes face each other, and the collection
region is formed between the opposing plate-shaped
electrodes.
[0025] According to the eighth aspect, two sets of the
plate-shaped electrode and the discharge electrodes are
combined to form the collection space between the plate-
shaped electrodes. Therefore, the width can be reduced
by comparison with the case in which the collection spac-
es are provided individually.
[0026] In the electrostatic precipitator according to a
ninth aspect of the present invention, the collection region
is surrounded by an angular tubular body formed by the
pair of the opposing plate-shaped electrodes and a pair
of end plate portions closing both end portions of the pair
of plate-shaped electrodes that are parallel to the flow-
through direction of the recovery gas.
[0027] According to the ninth aspect, the collection re-
gion is surrounded by an angular tubular body, and the
recovery gas flows through inside thereof. As a result,
the recovery gas can be caused to flow through without
affecting the flow-through state of the gas including the
particulate matter.
[0028] In the electrostatic precipitator according to a
tenth aspect of the present invention, a cyclone dust col-
lector is connected to one side of the collection region in
a recovery gas flow-through direction, a suction device
is connected to the cyclone dust collector, and a recovery
gas flow is formed by a suction force of the suction device.
[0029] According to the tenth aspect, since the recov-
ery gas flow is formed by suction, the particulate matter
can be reliably recovered without being involved in re-

entrainment.
[0030] In the electrostatic precipitator according to an
eleventh aspect of the present invention, cyclone dust
collectors are individually connected to both sides of the
collection region in a recovery gas flow-through direction,
a suction device is connected to each of the cyclone dust
collectors, and a bidirectional recovery gas flow is formed
by a suction force of the suction device.
[0031] According to the eleventh aspect, the recovery
gas is sucked in from both sides of the collection region.
Therefore, the recovery efficiency of the particulate mat-
ter can be increased.
[0032] In the electrostatic precipitator according to a
twelfth aspect of the present invention, a suction hood
that sucks in the recovery gas only of the collection re-
gions is disposed between a plurality of collection re-
gions, which are formed between the opposing elec-
trodes, and the cyclone dust collector.
[0033] With such a configuration, the recovery gas can
be caused by the suction hood to flow through only the
collection regions, and the recovery gas can be caused
to flow through in the direction crossing the direction of
the exhaust gas including the particulate matter, without
affecting the exhaust gas including the particulate matter.
Further, since the suction location can be restricted, the
flow rate of the recovery gas can be inhibited and the
suction device can be reduced in size.
[0034] In accordance with the present invention, a
plate shaped electrode having a plurality of through holes
and a discharge electrode are disposed opposite each
other, a collection region is formed on a side of the plate-
shaped electrode opposite that facing the discharge elec-
trode, a PM-containing gas is caused to flow through be-
tween the plate-shaped electrode and the discharge
electrode, and a voltage is applied between the plate-
shaped electrode and the discharge electrode, thereby
generating an electric discharge and charging the PM.
As a result, the PM is moved by a Coulomb force through
the through holes and the PM is collected in the collection
space. The collected PM can be reliably recovered by
the recovery gas flowing in the direction crossing the flow-
through direction of the PM-containing gas, without re-
entrainment. The PM collected in the collection region
can be recovered without providing a large-capacity ex-
traction blower. Furthermore, the PM is recovered with-
out re-entrainment even under high blowing rate condi-
tions, high dust collection performance can be demon-
strated, and electrostatic precipitator with a low proba-
bility of failure can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

FIG. 1 is a perspective view, with a partial cut-out,
of a housing showing the first embodiment of the
electrostatic precipitator in accordance with the
present invention;
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FIG. 2 is a cross-sectional view taken along the A-
A line in FIG. 1;
FIG. 3 is a perspective view of a discharge electrode
that can be used in the present invention;
FIG. 4 is a cross-sectional view of a separation and
suction hood taken along the B-B line in FIG. 1;
FIG. 5 is a schematic diagram showing the schemat-
ic configuration of the exhaust gas treatment system;
FIG. 6 is a schematic configuration diagram showing
another embodiment of the present invention;
FIG. 7 is a cross-sectional view of the principal por-
tion illustrating yet another embodiment of the
present invention;
FIG. 8 is a vertical sectional view illustrating the sec-
ond embodiment of the present invention;
FIG. 9 is a cross-sectional view taken along the C-
C line in FIG. 8;
FIG. 10 is a side view of the configuration shown in
FIG. 8;
FIG. 11 shows the discharge electrode that can be
used in the second embodiment, with FIG. 11(a) be-
ing a perspective view of the entire configuration and
FIG. 11(b) being a perspective view of a state with
a separated dielectric plate;
FIG. 12 is a schematic diagram showing the sche-
matic configuration of the exhaust gas treatment sys-
tem using the second embodiment;
FIG. 13 is a characteristic diagram showing a corona
discharge characteristic;
FIG. 14 is an explanatory drawing illustrating an ex-
ample of the related art;
FIG. 15 is an explanatory drawing illustrating another
example of the related art;
FIG. 16 is an explanatory drawing illustrating yet an-
other example of the related art;
FIG. 17 is a detailed configuration diagram of the
filtration device shown in FIG. 14;
FIG. 18 is a schematic diagram showing a particulate
matter collection state in the filtration device;
FIG. 19 is a schematic diagram showing a re-entrain-
ment state in the filtration device; and
FIG. 20 is a schematic diagram showing a re-entrain-
ment state in the filtration device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] The embodiments of the present invention will
be explained hereinbelow with reference to the appended
drawings.
[0037] FIG. 1 is a perspective view showing, with a
partial cut-out, a housing according to the first embodi-
ment of the present invention.
[0038] In the figure, the reference numeral 1 stands for
an electrostatic precipitator that can collect particulate
matter (PM) with a particle diameter equal to or less than
100 mm including, as the main component, carbon con-
tained in exhaust gas, for example, of an internal com-
bustion engine, in particular, a diesel engine for a ship,

in particular suspended particulate matter (SPM) with a
particle diameter equal to or less than 10 mm.
[0039] The electrostatic precipitator 1 has, for exam-
ple, a cubic housing 2. A plurality of dust collecting elec-
trodes 40, each being constituted, for example, by a
square plate-shaped electrode 20 and a discharge elec-
trode 30 that faces from a predetermined distance L1,
as shown in FIG. 2, one surface of the plate-shaped elec-
trode 20, is provided inside the housing 2.
[0040] The plate-shaped electrode 20 is formed from
a punching plate 22 in which, for example, a plurality of
round through holes 21, which reach from the surface
facing the discharge electrode 30, to the surface on the
opposite side, is formed over the entire surface. The plate
shape electrodes are arranged, for example, such that
the plate surface thereof is in the vertical direction.
[0041] Further, as shown in FIG. 3, the discharge elec-
trode 30 has a flat rectangular cross section and includes,
for example, a band-shaped electrode main body 31 ex-
tending in the horizontal direction opposite the plate-
shaped electrode 20 and a large number of thorn-shaped
electrode portions 32 which are formed at a predeter-
mined distance in the horizontal direction on the upper
and lower end surfaces which become the end surface
sides in the cross section of the band-shaped electrode
main body 31. The long sides in the cross section of the
band-shaped electrode main body 31 are disposed par-
allel to each other opposite the plate-shaped electrodes
20.
[0042] In the present configuration, a plurality of (for
example, three) discharge electrodes 30 is disposed par-
allel to each other at a predetermined distance in the
vertical direction.
[0043] Two dust collecting electrodes 40 are disposed
at a relationship such that the plate-shaped electrodes
20 thereof face each other through a predetermined dis-
tance L2. The upper and lower end portions of the plate-
shaped electrodes 20 disposed opposite each other are
closed by end plates 23a and 23b, and an angular tubular
electrode body 24 opened at the left and right ends is
formed by the plate-shaped electrodes 20 and the end
plates 23a and 23b.
[0044] Therefore, the interior of the angular tubular
electrode body 24 serves as a PM collection region 25,
and a plurality of discharge electrodes 30 is disposed at
positions facing the plate-shaped electrodes 20 on the
outside of the angular tubular electrode body 24.
[0045] Therefore, in the adjacent dust collecting elec-
trodes 40, the discharge electrode 30 is shared, and the
discharge electrode 30, angular tubular electrode body
24, discharge electrode 30, and angular tubular electrode
body 24 are disposed in parallel in the order of descrip-
tion. The number of the discharge electrodes 30 and an-
gular tubular electrode bodies 24 is set according to the
flow rate of the PM-containing exhaust gas from which
the particulate matter should be collected.
[0046] Further, a high-voltage power source 45 that
applies a high voltage, for example, of about 103 V to
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105 V is connected between the angular tubular elec-
trode body 24 and the discharge electrode 30, the posi-
tive electrode being connected to the angular tubular
electrode body 24 and the negative electrode being con-
nected to the discharge electrode 30. The positive elec-
trode side of the high-voltage power source 45 is ground-
ed.
[0047] Therefore, a corona discharge is generated be-
tween the angular tubular electrode body 24 and the
thorn-shaped electrode portions 32 of the discharge elec-
trodes 30, and the PM of the PM-containing exhaust gas
passing through a gas flow-through region 33 formed be-
tween the angular tubular electrode body 24 and the dis-
charge electrodes 30 is exposed to the corona discharge
and electrically charged.
[0048] Further, a Coulomb force acts from the electric
field between the angular tubular electrode body 24 and
the discharge electrodes 30 on the PM, and the PM starts
moving toward the angular tubular electrode body 24.
Since the PM has a certain mass, it is directly introduced
by the force of inertia into the collection region 25 via the
through holes 21 in the angular tubular electrode body 24.
[0049] In the collection region 25, since the flow field
is extremely weak, the PM is hardly affected by the flow
field, and the PM receives an electric image force created
by the difference in electric potential between the electric
charges carried by the PM itself and the plate-shaped
electrode 20 of the angular tubular electrode body 24 and
is collected by moving to the inner circumferential surface
of the plate-shaped electrode 20, which constitutes the
angular tubular electrode body 24, and adhering thereto.
[0050] Further, an exhaust gas introducing port 3 and
an exhaust gas discharge port 4 through which the PM-
containing exhaust gas passes are formed in the lower
surface and upper surface of the housing 2, respectively,
and the PM-containing gas introduced into the housing
2 from the exhaust gas introducing port 3 flows through
vertically in the direction crossing the extension direction
of the discharge electrodes 30 between the discharge
electrodes 30 and the plate-shaped electrodes 20 of the
angular tubular electrode bodies 24, and then the PM-
containing gas is discharged from the exhaust gas dis-
charge port 4.
[0051] A plurality of openings 5 facing the inner surface
of the angular tubular electrode bodies 24 is formed, for
example, in the left end surface of the housing 2, and a
separation and suction hood 50 serving as a PM recovery
unit that sucks in the recovery gas only from the inner
surface side of the angular tubular electrode bodies 24
is disposed at the right end surface. As shown in FIG. 4,
the separation and suction hood 50 has separation suc-
tion passages 52 communicating with the inner surface
of the angular tubular electrode bodies 24 and commu-
nicating with a suction port 51 at the other end. In order
to facilitate the understanding of the explanation of the
example, in FIG. 1, the right end surfaces of the housing
2 and the angular tubular electrode bodies 24 are shown
as separated from the separation and suction hood 50.

However, in the actual configuration of the example, as
shown in FIG. 4, the right end surfaces of the housing 2
and the angular tubular electrode bodies 24 are not sep-
arated from the separation and suction hood 50. The sep-
aration and suction hood 50 is disposed in contact with
the right end surfaces of the housing 2 and the angular
tubular electrode bodies 24.
[0052] A recovery port 61 of a cyclone dust collector
60 communicates with the suction port 51 of the separa-
tion suction hood 50. The cyclone dust collector 60 per-
forms solid-gas separation of the mixed fluid including
the sucked-in collected PM and recovery gas, and a blow-
er 64 serving as a suction device is connected to a suction
port 63 formed in the upper portion of a housing 60a.
Where the blower 64 is actuated, gas is sucked in by the
blower 64 from the suction port 63 of the cyclone dust
collector 60, whereby the mixed fluid including the col-
lected PM and recovery gas is sucked in from the recov-
ery port 61 and subjected to solid-gas separation. The
separated PM falls down into a PM recovery unit 62 lo-
cated therebelow and is recovered. The separated re-
covery gas is returned from the upper suction port 63
through the blower 64 into the exhaust gas introducing
port 3 on the lower surface side of the electric dust col-
lecting apparatus 1.
[0053] Further, since the cyclone dust collector 60 is
connected to the collection regions 25 inside the angular
tubular electrode bodies 24 through the separation suc-
tion hood 50, where the blower 64 is actuated, the exter-
nal air is sucked in as the recovery gas from the openings
5 in the housing 2, and this recovery gas passes through
the collection regions 25 in the direction orthogonal to
the flow direction of the PM-containing exhaust gas. As
a result, the PM collected in the collection regions 25 is
stripped away and supplied together with the recovery
gas into the cyclone dust collector 60 through the sepa-
ration suction hood 50.
[0054] The operation of the first embodiment is ex-
plained below.
[0055] First, as shown schematically in FIG. 5, the ex-
haust gas introducing port 3 of the housing 2 in the elec-
trostatic precipitator 1 is connected by a gas flow-through
unit 71 such as a duct to a PM-containing gas discharge
device 70 such as a diesel engine of a ship. The exhaust
gas discharge port 4 of the housing 2 is likewise connect-
ed to a gas discharge unit 73 such as a chimney by a
gas flow-through unit 72 such as a duct.
[0056] Where the PM-containing gas discharge device
70 is actuated in this state, the PM-containing exhaust
gas is outputted from the PM-containing gas discharge
device 70, and this PM-containing exhaust gas is intro-
duced into the exhaust gas introducing port 3 in the hous-
ing 2 of the electrostatic precipitator 1.
[0057] As a result of applying a high voltage from the
high-voltage power source 45 between the angular tu-
bular electrode bodies 24 and the discharge electrodes
30, a corona discharge crossing the gas flow-through
regions 33 of the PM-containing gas is generated from
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the tips of the thorn-shaped electrode portions 32 of the
discharge electrodes 30 toward the discharge electrodes
30 constituting the angular tubular electrode bodies 24.
[0058] Therefore, the PM contained in the PM-contain-
ing gas is exposed to the corona discharge and electri-
cally charged. A Coulomb force acts from the electric
field between the angular tubular electrode bodies 24
and the discharge electrodes 30 upon the PM, and the
PM starts moving toward the plate-shaped electrodes 20
constituting the angular tubular electrode bodies 24.
Since the PM has a mass, it is caused by an inertia force
to pass through the through holes 21 of the plate-shaped
electrodes 20 and introduced into the internal collection
regions 25.
[0059] In the collection regions 25, since the flow field
is extremely weak, the PM is hardly affected by the flow
field, and the PM receives an electric image force created
by the difference in electric potential between the electric
charges carried by the PM itself and the plate-shaped
electrodes 20 of the angular tubular electrode bodies 24
and is collected by moving to the inner circumferential
surface of the plate-shaped electrodes 20 and adhering
thereto.
[0060] Where the PM is thus collected on the inner
circumferential surface of the plate-shaped electrodes
20 and the blower 64 is actuated with a predetermined
period, the external air is sucked in as the recovery gas
from the openings 5 in the housing 2, and this recovery
gas passes through the collection regions 25 in the di-
rection orthogonal to the flow-through direction of the PM-
containing exhaust gas. Therefore, the PM collected in
the collection regions 25 is stripped away and supplied
together with the recovery gas into the cyclone dust col-
lector 60 through the separation and suction hood 50. In
this case, by setting the opening ratio of the through holes
21 of the plate-shaped electrodes 20 to 20% to 40% and
setting the opening ratio of the openings 5 to 90% or
greater, it is possible to increase the flow channel resist-
ance in the through holes 21 of the plate-shaped elec-
trodes 20 and minimize the suction of the PM-containing
exhaust gas by the recovery gas. As a result, even when
the flow velocity of the recovery gas is increased, the
PM-containng exhaust gas is not sucked in and the PM
collected on the inner circumferential surface of the plate-
shaped electrodes 20 can be efficiently stripped away
and discharged to the separation and suction hood 50.
[0061] In this case, in the separation and suction hood
50, recovery gas suction passages (separation and suc-
tion passages 52) are formed at positions facing the inner
circumferential surface of the angular tubular electrode
bodies 24. Therefore, since the recovery gas suction pas-
sages are not open in the PM-containing exhaust gas
flow channels in the angular tubular electrode bodies 24,
the PM-containing gas can be reliably prevented from
being directly sucked in.
[0062] Further, the mixed fluid including the recovery
gas and stripped PM, which has reached the separation
and suction hood 50, is introduced from the recovery port

61 into the cyclone dust collector 60, and the mixed gas
is subjected to solid-gas separation. The separated PM
falls down into the PM recovery unit 62 located in the
bottom portion and recovered. The recovery gas includ-
ing a certain amount of the separated PM is sucked in
by the blower 64 from the suction port 63 and returned
to the gas flow-through unit 71 close to the exhaust gas
introducing port 3 of the housing 2.
[0063] Thus, with the first embodiment, since the PM
is collected in the collection regions 25 formed opposite
the PM-containing exhaust gas flow channel, with the
plate-shaped electrodes being interposed therebetween,
by causing the recovery gas to flow in the direction cross-
ing the flow-through direction of the PM-containing ex-
haust gas in the collection regions 25 in the flow-through
state of the PM-containing exhaust gas, it is possible to
strip away and reliably recover the collected PM, without
remixing the collected PM with the PM-containing ex-
haust gas.
[0064] In this case, the exhaust gas may be simply
caused to flow through in the gas flow channels between
the discharge electrodes 30 and the plate-shaped elec-
trodes 20 constituting the angular tubular electrode bod-
ies 24, and it is not necessary to provide a blower as an
extraction means. Further, since it is not necessary to
provide a damper or the like that hinders the exhaust gas
flow, the pressure loss of the exhaust gas can be re-
duced.
[0065] In addition, since the through holes 21 formed
in the plate-shaped electrodes 20 can be formed to have
a comparatively large diameter, regardless of the particle
diameter of the PM, the pressure loss can be respectively
suppressed. Furthermore, the PM is collected on the in-
ner circumferential surface of the plate-shaped elec-
trodes 20 of the angular tubular electrode bodies 24 con-
stituting the collection regions 25. Therefore, the collec-
tion of a large amount of PM corresponding to the surface
area of the plate-shaped electrodes 20 is allowed, the
through holes 21 are very difficult to clog, and the collec-
tion can be reliably prevented from being hindered by
clogging.
[0066] Further, since the flow strength of the flow field
in the collection region 25 is weak, the collected PM is
unlikely to be scattered again into the exhaust gas flow
channel. Yet another attainable effect is that since no
movable parts, such as a damper or a blower, is present
in the electrostatic precipitator 1, the possibility of a mal-
function is extremely low.
[0067] Further, the plate-shaped electrodes 20 can
use a punching metal, the plate metal processing involv-
ing rounding or bending is unnecessary, the angular tu-
bular electrode bodies 24 can be formed by connecting
the upper and lower ends by the end plates 23a and 23b,
and the processing cost can be greatly reduced.
[0068] Further, the sets of the discharge electrodes 30
and the plate-shaped electrodes 20 are combined so that
the plate-shaped electrodes of the two sets face each
other and the collection regions 25 are formed between
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the plate-shaped electrodes 20. Therefore, because only
one collection space is used, the spacing in the width
direction can be reduced and the configuration can be
narrowed by comparison with that in which the collection
region is provided in each set of the discharge electrode
30 and the plate-shaped electrode 20.
[0069] Further, a plurality of band-shaped electrode
main bodies 31 of the discharge electrodes 30 is dis-
posed in parallel in the flow-through direction so as to
extend in the direction crossing the flow-through direction
of the PM-containing exhaust gas. Therefore, the ar-
rangement positions of the thorn-shaped discharge por-
tions of the discharge electrodes 30 can be shifted in the
direction orthogonal to the flow-through direction of the
PM-containing exhaust gas. As a result, the corona dis-
charge can be generated everywhere over the entire re-
gion orthogonal to the flow-through direction of the PM-
containing exhaust gas and the PM collection ratio of the
PM-containing exhaust gas can be increased.
[0070] Further, it is not necessary to form the discharge
electrodes 30 as needle-shaped electrode portions, and
comparatively thick thorn-shaped electrode portions 32
may be formed. Therefore, the processing is facilitated
and the service life can be extended.
[0071] A dust collecting electrode structure can be also
considered in which a discharge electrode is configured
of a rod-shaped portion and a large number of needle-
shaped electrode portions formed on the outer circum-
ferential side of the rod-shaped portion, and a cylindrical
electrode portion having a large number of through holes
formed therein is arranged so as to surround the dis-
charge electrode. In this case, a corona discharge is gen-
erated by applying a high voltage between the discharge
electrode and the cylindrical electrode portion, thereby
electrically charging the PM of the PM-containing ex-
haust gas flowing through to the inner circumferential sur-
face side of the cylindrical electrode portion, and moving
the charged PM to the collection space outside the cy-
lindrical electrode. The PM collected in the collection
space is blown off for recovery, for example, with an air
blower in the same direction as the flow-through direction
of the PM-containing exhaust gas.
[0072] With such a configuration, the PM collected in
the collection space is blown off by the air blower, and
most of the blown PM is not sucked from the suction port
facing the air blower. For this reason, the PM can be
remixed with the PM-containing exhaust gas flowing in-
side the cylindrical electrode and can be released to the
atmosphere. Thus, the recovery efficiency of the collect-
ed PM can decrease. Further, the processing cost of the
cylindrical electrode and the like is high, multiple electric
dust collecting units should be combined in order to proc-
ess a large amount of PM-containing exhaust gas, and
a high assembling accuracy is required. In addition, when
the needle-shaped electrode portion is used for the dis-
charge electrode, the service life can be shortened by
comparison with that of the thorn-shaped electrode por-
tions.

[0073] By contrast, in the first embodiment, as de-
scribed hereinabove, a dust collecting electrode can be
formed by a simple configuration using the plate-shaped
electrode 20 together with the discharge electrode 30.
Further, since the flow of the recovery gas inside the col-
lection region is formed by suction in the direction cross-
ing the flow direction of the PM-containing exhaust gas
on the outside thereof, the PM stripped away from the
inner circumferential surface of the plate-shaped elec-
trodes 20 by the recovery gas can be reliably prevented
from being remixed with the PM-containing exhaust gas.
[0074] Further, in the first embodiment, the case is ex-
plained in which the separation and suction hood 50 is
provided in one opening of the angular tubular electrode
body 24 and the recovery gas is sucked in from the other
side of the angular tubular electrode body 24, but the
present invention is not limited to such a configuration.
Thus, in a variation example of the first embodiment, a
suction opening 80 extending along the end plates 23a
and 23b and communicating with the external air is
formed at the upper and lower ends of the axially central
portion of the angular tubular electrode body 24, as
shown in FIG. 6. The cyclone dust collectors 60 may be
connected by respective separation and suction hoods
50 to the openings at both ends of the angular tubular
electrode body 24, and a blower 64 serving as a suction
device may be connected to those cyclone dust collectors
60.
[0075] In this case, since the recovery gas suction units
are provided at both ends of the collection region 25, the
recovery gas suction effect is augmented and the col-
lected PM can be stripped away and recovered with high-
er efficiency.
[0076] Further, in the first embodiment, the case is ex-
plained in which the angular tubular electrode body 24
is formed of two plate-shaped electrodes 20 and the end
plates 23a, 23b, but any tubular structure can be used,
provided that the plate-shaped electrodes 20 are ar-
ranged opposite each other at the predetermined dis-
tance L2 from each other.
[0077] In the first embodiment, the case is explained
in which the angular tubular electrode body 24 is config-
ured by combining two dust collecting electrodes 40, but
when a sufficient PM collection ratio is attained by pro-
viding only one dust collecting electrode 40, the config-
uration shown in FIG. 7 may be used. Thus, the angular
tubular electrode body 24 having the collection region 25
formed inside thereof may be also configured by dispos-
ing the plate-shaped electrode 20 and the discharge elec-
trodes 30 opposite each other at the predetermined dis-
tance L1 from each other and disposing a sealing plate
81 (can be also realized by the side wall of the housing
2) connecting the ends of the end plates 23a, 23b on the
side of the plate-shaped electrode 20 opposite that where
the discharge electrodes 30 are disposed.
[0078] Further, in the first embodiment, the case is ex-
plained in which the flow-through direction of the PM-
containing exhaust gas and the flow-through direction of
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the recovery gas are orthogonal, but such a configuration
is not limiting and the two flow-through directions may
cross each other.
[0079] Further, in the first embodiment, the case is ex-
plained in which the PM-containing exhaust gas flows
through the electrostatic precipitator 1 in the vertical di-
rection from the bottom surface to the top surface, but
such a configuration is not limiting, and the flow-through
direction of the PM-containing exhaust gas can be set
randomly. Thus, the separation and suction hood 50 may
be disposed on the bottom surface side and the PM-con-
taining exhaust gas may be caused to flow through in the
horizontal direction.
[0080] The second embodiment of the present inven-
tion will be explained below with reference to FIGS. 8 to
11.
[0081] In the second embodiment, the discharge gen-
erated between the discharge electrodes and the plate
electrodes is changed from the corona discharge to a
barrier discharge.
[0082] Thus, in the second embodiment, an electrically
conductive housing 100 of the electrostatic precipitator
1 is formed in a rectangular parallelepiped shape, as
shown in FIGS. 9 and 10. Thus, the housing 100 has a
front plate portion 101a and a rear plate portion 101b,
the longitudinal direction being the left-right direction. The
housing 100 also has a top plate portion 101 c and a
bottom plate portion 101d connecting the upper and low-
er ends of the front plate portion 101a and the rear plate
portion 101b, and a left plate portion 101e and a right
plate portion 101f connecting the right and left ends of
the front plate portion 101 a and 101b.
[0083] Further, for example, six rectangular openings
102a and 102b extending in the front-rear direction are
formed, as shown in FIG. 8, at a predetermined distance
L3 in the left-right direction in the front plate portion 101a
and the rear plate portion 101b. The width L4 of those
openings 102a and 102b is set to be less than the pre-
determined distance L3.
[0084] Further, rectangular openings 102c and 102d
bounded by the front plate portion 101a, rear plate portion
101b, left plate portion 101e, and right plate portion 101f
are formed, as shown in FIG. 8, in the top plate portion
101c and the bottom plate portion 101d.
[0085] An exhaust gas flow-through duct 103a, for ex-
ample, of a square cross section, which is connected to
the PM-containing gas discharge device 70 such as a
diesel engine for a ship, e.g. such as the above-described
diesel engine for a ship, is coupled, as shown in FIG. 9,
to the opening 102a of the front plate portion 101a.
[0086] An exhaust gas flow-through duct 103b, which
is likewise of a square cross section and is connected to
the above-described gas discharge unit 73, is coupled
to the opening 102b of the rear plate portion 101b.
[0087] Inside the housing 100, as shown in FIG. 8 and
9, five angular tubular electrode bodies 110 having the
configuration similar to that of the angular tubular elec-
trode bodies 24 in the first embodiment are disposed in

parallel between the positions excluding the openings
102a and 102b of the front plate portion 101a and the
rear plate portion 101b. Therefore, the angular tubular
electrode bodies 110 are disposed at a predetermined
distance equal to the width L4 of the openings 102a and
102b in the direction along the exhaust gas flow-through
direction and perpendicular to the exhaust gas flow-
through direction.
[0088] Those angular tubular electrode bodies 110 are
formed as rectangular parallelepipeds with open top and
bottom surfaces, as shown in FIG. 8. Further, plate-
shaped electrodes 112a and 112b are disposed at the
left and right side surfaces of the angular tubular elec-
trode bodies 110 such that the distance between the out-
er side surfaces thereof is the abovementioned prede-
termined distance L3. Those plate-shaped electrodes
112a and 112b are each formed, for example, from a
punching plate 114 in which a plurality of round through
holes 113 is formed, in the same manner as the plate-
shaped electrodes 20 in the above-described first em-
bodiment, and disposed, for example, to extend in the
front-rear direction, that is, in the exhaust gas flow-
through direction, such that the plate surfaces thereof
are in the vertical direction.
[0089] Angular tubular electrode bodies 115 forming a
plate-shaped electrode 112c are disposed on the outside
of the angular tubular electrode bodies 110 at the left and
right ends only at the surfaces facing the angular tubular
electrode bodies 110 at the predetermined distance L4
therefrom. Those angular tubular electrode bodies 115
are also formed as rectangular parallelepipeds with open
top and bottom surfaces similarly to the angular tubular
electrode bodies 110.
[0090] Recovery gas intake ports 116 which directly
communicate with the external air, set to have an opening
ratio equal to or greater than 90% and serve to take in
the recovery gas are formed, as shown in FIG. 8, at the
upper end sides of those angular tubular electrode bodies
110 and 115.
[0091] Further, the regions between the angular tubu-
lar electrode bodies 110 and between the angular tubular
electrode bodies 110 and the angular tubular electrode
bodies 115 serve as gas flow-through regions 117
through which the exhaust gas supplied from the exhaust
gas flow-through duct 103a flows rearward. In the central
portion (in the left-right direction) of the gas flow-through
regions 117, the discharge electrodes 120 are disposed
to face individually the plate-shaped electrodes 112a and
112b, 112c and 112a, and 112b and 112c.
[0092] The discharge electrode 120 is formed in a rec-
tangular shape along the exhaust gas flow-through di-
rection. As shown in FIG. 11, the discharge electrode
120 has the configuration of a ceramic heater having a
heat-generating resistor 122 formed in a zigzag manner
on a flat surface incorporated in an alumina or silicon
nitride ceramic 121 which is a dielectric. In the heat-gen-
erating resistor 122, terminal connection pads 123a and
123b are formed at both ends at the front and rear posi-
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tions in the upper portion thereof. Lead terminals 124a
and 124b extending to the outside are joined by soldering
or the like to the terminal connection pads 123a and 123b.
In other words, the discharge electrode 120 has a con-
figuration in which the heat-generating resistor 122 is
covered by the ceramic 121 as a dielectric.
[0093] As shown in FIG. 8, each discharge electrode
120 is supported by a heat-resistant insulating spacer
125 disposed on the opening 102c side of the top plate
portion 101c of the housing 2 and a heat-resistant insu-
lating spacer 126 disposed between the lower ends of
the angular tubular electrode body 110, between the low-
er ends of the angular tubular electrode bodies 115 and
110 and between the lower ends of the angular tubular
electrode body 110 and the angular tubular electrode
body 115.
[0094] As shown in FIGS. 8 and 9, the lead terminals
124a and 124b of the discharge electrodes 120 are elec-
trically collected, in a state of being pushed downward
by a pushing spring 129, to high-voltage power supply
bars 128a and 128b bridged parallel to each other at a
predetermined distance in the front-rear direction be-
tween high-voltage support insulators 127a and 127b dis-
posed at the left and right end sides of the top plate portion
101c of the housing 2.
[0095] As shown in FIG. 9, a barrier discharge gener-
ating unit 130 serving as a discharge generating unit is
connected to the high-voltage power supply bars 128a
and 128b. The barrier discharge generating unit 130 has
a high-withstand-voltage power relay 131, which is con-
nected between the high-voltage power supply bars 128a
and 128b, and a serial circuit of a high-withstand-voltage
power relay 132, which is connected between the ground
and a connection point of one terminal of the high-with-
stand-voltage power relay 131 and the high-voltage pow-
er supply bar 128a, and high-voltage AC power source
133 generating a high-voltage AC, for example, of 10 kV.
A point between the high-voltage AC power source 133
and the ground is connected to the housing 100.
[0096] Further, as shown in FIG. 9, a heating control
unit 135 is connected to the high-voltage power supply
bars 128a and 128b. The heating control unit 135 has a
low-voltage AC power source 138 generating a low-volt-
age AC, for example, of about 54 V, which is connected
separately through high-withstand-voltage power relays
136 and 137 to the high-voltage power supply bars 128a
and 128b.
[0097] Where a high-voltage AC is outputted from the
high-voltage AC power source 133 and the high-with-
stand-voltage power relays 131 and 132 are set to the
biased state (ON state), the high-voltage AC is applied
between the discharge electrodes 120 and the plate-
shaped electrodes 112a to 112c. As a result, a barrier
discharge plasma column is generated between the dis-
charge electrodes 120 and the plate-shaped electrodes
112a to 112c.
[0098] The PM-containing exhaust gas flows through
between the discharge electrodes 120 and the plate-

shaped electrodes 112a to 112c. Therefore, the PM con-
tained in the PM-containing exhaust gas is electrically
charged during passing through a barrier discharge plas-
ma column, a Coulomb force acts thereupon from the
electric field produced by the barrier discharge maintain-
ing voltage, and the PM moves toward the plate-shaped
electrodes 112a to 112c serving as ground electrodes.
In some cases, not all the PM acted upon by the Coulomb
force moves toward the plate-shaped electrodes 112a to
112c and some PM moves toward the discharge elec-
trode 120.
[0099] The PM moving toward the plate-shaped elec-
trodes 112a to 112c is collected inside the angular tubular
electrode bodies 110 from the through holes 111 formed
in the plate-shaped electrodes 112a to 112c.
[0100] As for the PM that has adhered to the discharge
electrodes 120, the biased state of the high-withstand-
voltage power relays 131 and 132 is periodically can-
celed, the application of a high-voltage AC to the dis-
charge electrodes 120 is stopped, the high-withstand-
voltage power relays 136 and 137 are instead set to the
biased state, and a low-voltage AC is applied to the lead
terminals 124a and 124b of the discharge electrodes 120,
thereby actuating the discharge electrodes 120 as ce-
ramic heaters. As a result, the discharge electrodes 120
are heated to about 800°C for about 1 min to 2 min, and
the entire PM adhered to the surface is burned and re-
moved.
[0101] Further, a suction hood 140 is coupled to the
opening 102c formed in the bottom plate portion 101d of
the housing 100. The suction hood 140 communicates
only with the opening 118 in the bottom of the angular
tubular electrode bodies 110 and 115 and is separated
by a heat-resistant insulating spacer 126 from the gas
flow-through region 117.
[0102] The recovery port 61 of the cyclone dust collec-
tor 60 is communicated, in the same manner as in the
above-described first embodiment, with a suction port
141 of the suction hood 140 (this configuration is not
shown in the figure). The blower 64 serving as a suction
device is connected to the suction port 63 formed in the
upper portion of the housing 60a in the cyclone dust col-
lector 60. Where the blower 64 is actuated, the blower
64 sucks in the gas from the suction port 63 of the cyclone
dust collector 60, thereby performing suction of the mixed
fluid of the collected PM and recovery gas from the re-
covery port 61 and solid-gas separation thereof. The sep-
arated PM falls down into the PM recovery unit 62 located
therebelow and is recovered. The separated recovery
gas is returned from the upper suction port 63 through
the blower 64 into an exhaust gas flow-through duct 103a
connected to the front side of the electrostatic precipitator
1.
[0103] The operation of the second embodiment is ex-
plained below.
[0104] First, as shown schematically in FIG. 12, the
exhaust gas flow-through duct 103a coupled to the hous-
ing 100 in the electrostatic precipitator 1 is connected to
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a PM-containing gas discharge device 70 such as a die-
sel engine of a ship. The exhaust gas flow-through duct
103b coupled to the housing 100 is connected to a gas
discharge unit 73 such as a chimney.
[0105] Where a high-voltage AC, for example of 10 kV,
is generated in this state by the high-voltage AC power
source 133 of the barrier discharge generating unit 130
of the electrostatic precipitator 1 and the high-withstand-
voltage power relays 131 and 132 are biased, the high-
voltage AC generated in the high-voltage AC power
source 133 is applied between the discharge electrodes
120 and the angular tubular electrode bodies 110 and
115 serving as ground electrodes through the high-volt-
age power supply bars 128a and 128b.
[0106] As a result, a barrier discharge plasma column
is generated and a barrier discharge is generated be-
tween the discharge electrodes 120 and the plate-
shaped electrodes 112a to 112c of the angular tubular
electrode bodies 110 and 115. Since the heat-generating
resistor 122 serving as an electrode in the discharge elec-
trode 120 is covered with the ceramic 121, which is a
dielectric, the barrier discharge is a silent discharge caus-
ing no sparks.
[0107] Once the barrier discharge has been generat-
ed, the PM-containing exhaust gas is caused to flow be-
tween the discharge electrodes 120 and the plate-
shaped electrodes 112a to 112c. As a result, the PM
contained in the PM-containing exhaust gas is electrically
charged when passing through the barrier discharge
plasma column, a Coulomb force acts thereupon from
the electric field produced by the barrier discharge main-
taining voltage, and the PM moves toward the plate-
shaped electrodes 112a to 112c serving as ground elec-
trodes. In some cases, not all the PM acted upon by the
Coulomb force moves toward the plate-shaped elec-
trodes 112a to 112c and some PM moves toward the
discharge electrode 120.
[0108] The PM moving toward the plate-shaped elec-
trodes 112a to 112c is introduced to the collection regions
inside the angular tubular electrode bodies 110 and 115
from the through holes 111 formed in the plate-shaped
electrodes 112a to 112c, in the same manner as in the
above-described first embodiment.
[0109] In the collection regions, since the flow field is
extremely weak, the PM is hardly affected by the flow
field, and the PM receives an electric image force created
by the difference in electric potential between the electric
charges carried by the PM itself and the plate-shaped
electrodes 112a to 112c of the angular tubular electrode
bodies 110 and 115 and is collected by moving to the
inner circumferential surface of the plate-shaped elec-
trodes 112a to 112c and adhering thereto.
[0110] Where the PM is thus collected on the inner
circumferential surface of the plate-shaped electrodes
112a to 112c and the blower 64 is intermittently actuated
with a predetermined period, the external air is sucked
in as the recovery gas from the recovery gas intake port
116 in the housing 100. This recovery gas passes through

the collection regions of the angular tubular electrode
bodies 110 and 115 in the direction orthogonal to the
flow-through direction of the PM-containing exhaust gas.
Therefore, the PM collected in the collected regions is
stripped away and supplied together with the recovery
gas into the cyclone dust collector 60 through the suction
hood 140.
[0111] In this case, by setting the opening ratio of the
through holes 113 of the plate-shaped electrodes 112a
to 112c to 20% to 40% and setting the opening ratio of
the recovery gas intake ports 116 of the angular tubular
electrode bodies 110 and 115 to 90% or greater, it is
possible to increase the flow channel resistance in the
through holes 21 of the plate-shaped electrodes 20 and
minimize the suction of the PM-containing exhaust gas
by the recovery gas. As a result, even when the flow
velocity of the recovery gas is increased, the PM-con-
taining exhaust gas is not sucked in and the PM collected
on the inner circumferential surface of the plate-shaped
electrodes 112a to 112c can be efficiently stripped away
and discharged to the suction hood 140.
[0112] In this case, in the suction hood 140, the gas
flow-through region 117 is sealed by the heat-resistant
insulating spacer 126 and only the bottom surfaces of
the angular tubular electrode bodies 110 and 115 com-
municate. Therefore, the PM-containng gas flowing
through the gas flow-through region 117 can be reliably
prevented from being directly sucked in by the suction
hood 140.
[0113] Further, the mixed fluid including the recovery
gas and stripped PM, which has reached the suction hood
140, is introduced from the suction port 141 into the cy-
clone dust collector 60, and the mixed gas is subjected
to solid-gas separation. The separated PM falls down
into the PM recovery unit 62 located in the bottom portion
and recovered. The recovery gas including a certain
amount of the separated PM is sucked in by the blower
64 from the suction port 63 and returned to the vicinity
of the opening 102a of the exhaust gas flow-through duct
103a coupled to the housing 100.
[0114] Meanwhile, the supply of the high-voltage AC
to the high-voltage power supply bars 128a and 128b is
stopped by returning the high-withstand-voltage power
relays 131 and 132 of the discharge generating unit 130
from the biased state to the non-biased state with a pre-
determined periodicity.
[0115] In this state, the high-withstand-voltage power
relays 136 and 137 of the heating control unit 135 are
set to the biased state, and a low-voltage AC outputted
from the low-voltage AC power source 138 is supplied
to the high-voltage power supply bars 128a and 128b.
The low-voltage AC supplied to the high-voltage power
supply bars 128a and 128b is applied to the terminal con-
nection pads 123a and 123b at both ends of the heat-
generating resistor 122 through the lead terminals 124a
and 124b of the discharge electrodes 120. As a result,
the discharge electrodes 120 operate as ceramic heaters
and raise the surface temperature to 400°C to 800°C for
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about 1 min to 2 min.
[0116] The entire PM adhered to the surface of the
ceramic 121 of the discharge electrodes 120 is thus
burned and removed.
[0117] Thus, with the second embodiment, a barrier
discharge plasma column is formed between the dis-
charge electrodes 120 and the plate-shaped electrodes
112a to 112c, and a barrier discharge is generated. Since
the heat-generating resistor 122 which serves as an elec-
trode of the discharge electrode 120 in this process is
covered with the ceramic 121, the discharge current flows
through the ceramic 121 from the heat-generating resis-
tor 122, and a silent discharge causing no sparks is gen-
erated till the insulation breakdown of the ceramic 121
itself is reached.
[0118] Further, since the ceramic 121 can withstand
the temperature of 400°C to 800°C, which is the heater
operation temperature, spark-free electric dust collection
can be performed even when the temperature of the PM-
containing exhaust gas exceeds 300°C.
[0119] Incidentally, where a corona discharge is gen-
erated between the discharge electrodes 30 and the
plate-shaped electrodes 20, as in the first embodiment,
the discharge characteristic is such as shown in FIG. 13.
In FIG. 13, the spark discharge voltage is represented
by a characteristic line L11, the corona discharge start
voltage is represented by a characteristic line L12, and
the gas density ratio is represented by a characteristic
line L13.
[0120] As follows from FIG. 13, when a corona dis-
charge is used, the spark discharge voltage does not
decrease significantly when the PM-containing exhaust
gas temperature is equal to or lower than 150°C, but
where the temperature exceeds 150°C, the decrease ra-
tio of the spark discharge voltage related to the increase
in exhaust gas temperature increases.
[0121] Meanwhile, for the corona discharge start volt-
age, the voltage drop ratio when the temperature ex-
ceeds 150°C is conversely less than that before the tem-
perature reaches 150°C, and the corona discharge start
voltage at an exhaust gas temperature of about 250°C
decreases to below 2/3 that at the normal exhaust gas
temperature.
[0122] Thus, when a corona discharge is used, where
the exhaust gas temperature exceeds 250°C, the spark
discharge voltage decreases. Therefore, the increase in
the corona discharge voltage is restricted to avoid spark
generation, the corona discharge start voltage is lowered,
the Coulomb force acting upon the PM is weakened, and
the dust collection performance is degraded.
[0123] However, where the barrier discharge is used,
as in the second embodiment, since the electrode portion
of the discharge electrode 120 is covered with the ce-
ramic 121, which is a dielectric, the spark discharge is
unlikely to occur, and dust collection performance is not
degraded and good dust collection effect can be obtained
even when the PM-containng exhaust gas temperature
exceeds 300°C.

[0124] Further, the opposing surface areas of the dis-
charge electrodes 120 and the plate-shaped electrodes
112a to 112c can be increased, the density of the gen-
erated barrier discharge plasma column can be in-
creased over that of the ion shower column generated
during the corona discharge in the first embodiment, and
the dust collection efficiency can be increased.
[0125] In the second embodiment, the case is ex-
plained in which the ceramic heater is used as the dis-
charge electrode 120, but such a configuration is not lim-
iting, and a ferroelectric material, for example, such as
barium titanate can be used as the dielectric covering
the flat electrode. Essentially, any dielectric can be used,
provided that this dielectric has high heat resistance.
[0126] In the second embodiment, the case is ex-
plained in which the flow-through direction of the recovery
gas, which recovers the collected PM, is orthogonal to
the flow-through direction of the PM-containing exhaust
gas, but such a configuration is not limiting and the PM-
containng exhaust gas and the recovery gas may be
caused to flow in the directions crossing each other.
[0127] Further, in the second embodiment, the flow-
through direction of the PM-containing exhaust gas is not
limited to the horizontal direction and can be set to a
random direction inclusive of the vertical direction. In the
second embodiment, a pair of suction hoods can be also
disposed opposite each other, in the same manner as
shown in FIG. 6 in the first embodiment, and the recovery
gas intake port can be provided in the housing 100 ther-
ebetween.
[0128] Further, in the first and second embodiments,
the case is explained in which the blower 64 is used as
the suction device, but such a configuration is not limiting,
and another suction device such as a vacuum ejector
can be used.
[0129] Further, in the first and second embodiments,
the case is explained in which the PM contained in the
exhaust gas discharged from a diesel engine is removed,
but such a feature is not limiting, and PM can be removed
from any PM-containing gas.

INDUSTRIAL APPLICABILITY

[0130] In accordance with the present invention, it is
possible to provide an electrostatic precipitator that does
not require a large-capacity extraction device, demon-
strates high dust collection performance which is free
from clogging or re-entrainment under high-blowing-rate
conditions, and has a low probability of failure.

EXPLANATION OF REFERENCE NUMERALS

[0131] 1 -electrostatic precipitator ; 2 - housing; 3 - gas
introducing port; 4 - gas discharge port; 5 - opening; 20
- plate-shaped electrode; 21 - through hole; 22 - punching
metal; 23a, 23b - end plates; 24 - angular tubular elec-
trode body; 30 - discharge electrode; 31 - band-shaped
electrode main body; 32 - thorn-shaped electrode por-

21 22 



EP 2 881 177 A1

13

5

10

15

20

25

30

35

40

45

50

55

tion; 33 - gas flow-through region; 40 - dust collecting
electrode; 50 - separation and suction hood; 60 - cyclone
dust collector; 62 - PM recovery unit; 64 - blower; 100 -
housing; 103a, 103b - exhaust gas flow-through ducts;
110, 115 - angular tubular bodies; 112a to 112c - plate-
shaped electrodes; 117 - gas flow-through region; 120 -
discharge electrode; 121 - ceramics; 122 - heat-gener-
ating resistor; 124a, 124b - lead terminals; 128a, 128b -
high-voltage power supply bars; 130 - barrier discharge
generating unit; 131, 132 - high-withstand-voltage power
relays; 133 - high-voltage AC power source; 135 - heating
control unit; 136, 137 - high-withstand-voltage power re-
lays; 138 - low-voltage AC power source.

Claims

1. An electrostatic precipitator comprising:

a plate-shaped electrode having formed therein
a plurality of through holes that allow a particu-
late matter to pass therethrough, and a dis-
charge electrode disposed to face one surface
of the plate-shaped electrode;
a discharge generating unit that is configured to
apply a voltage between the plate-shaped elec-
trode and the discharge electrode and to gen-
erate an electric discharge imparting a Coulomb
force to the particulate matter;
a collection region that is formed on an opposite
side of the plate-shaped electrode to a surface
thereof facing the discharge electrode and that
is configured to collect the particulate matter;
a gas flow-through region that is formed be-
tween the plate-shaped electrode and the dis-
charge electrode and allows gas including the
particulate matter to flow therethrough; and
a particulate matter recovery unit that is config-
ured to cause a recovery gas to flow through in
the collection region in a direction crossing the
flow-through direction of the gas including the
particulate matter and configured to strip away
and recover the collected particulate matter in a
flow-through state of the gas including the par-
ticulate matter, wherein
the particulate matter in the gas including par-
ticulate matter is electrically charged by the elec-
tric discharge and collected in the collection re-
gion through the through holes,
and the particulate matter collected in the col-
lection region is stripped away and recovered
by the recovery gas.

2. The electrostatic precipitator according to claim 1,
wherein the discharge generating unit is configured
to generate a corona discharge by applying a DC
voltage between the plate-shaped electrode and the
discharge electrode.

3. The electrostatic precipitator according to claim 2,
wherein the discharge electrode comprises:

a plate-shaped electrode main body that has a
rectangular cross section, with the long sides of
the cross section facing the plate-shaped elec-
trode; and
thorn-shaped discharge portions formed at the
short sides of the cross section of the plate-
shaped electrode main body.

4. The electrostatic precipitator according to claim 3,
wherein the extension direction of the plate-shaped
electrode main body crosses the flow-through direc-
tion of the gas including the particulate matter.

5. The electrostatic precipitator according to claim 1,
wherein the discharge generating unit is configured
to generate a barrier discharge by applying an AC
voltage between the plate-shaped electrode and the
discharge electrode.

6. The electrostatic precipitator according to claim 5,
wherein the discharge electrode is formed by a metal
electrode and a dielectric covering the metal elec-
trode to have a plate shape having a plate surface
along the flow-through direction of the gas including
the particulate matter.

7. The electrostatic precipitator according to claim 6,
wherein the discharge electrode is configured to op-
erate as a heater which is configured by a heat gen-
erating resistor connected between a pair of termi-
nals and burns the adhered particulate matter when
a voltage is applied between the pair of terminals.

8. The electrostatic precipitator according to claim 1,
wherein a plurality of sets of the plate-shaped elec-
trode and the discharge electrodes are disposed in
parallel in a relationship such that the plate-shaped
electrodes face each other, and the collection region
is formed between the opposing plate-shaped elec-
trodes.

9. The electrostatic precipitator according to claim 1,
wherein the collection region is formed in an angular
tubular shape having at least the pair of the opposing
plate-shaped electrodes and a pair of end plate por-
tions closing both end portions of the pair of plate-
shaped electrodes that are parallel to the flow-
through direction of the recovery gas.

10. The electrostatic precipitator according to claim 9,
wherein a cyclone dust collector is connected to one
side of the collection region in a recovery gas flow-
through direction, a suction device is connected to
the cyclone dust collector, and a recovery gas flow
is formed by a suction force of the suction device.
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11. The electrostatic precipitator according to claim 9,
wherein cyclone dust collectors are individually con-
nected to both sides of the collection region in a re-
covery gas flow-through direction, a suction device
is connected to each of the cyclone dust collectors,
and a bidirectional recovery gas flow is formed by a
suction force of the suction device.

12. The electrostatic precipitator according to claim 10
or 11, wherein a suction hood that sucks in the re-
covery gas only of the collection regions is disposed
between a plurality of collection regions, which are
formed between the opposing electrodes, and the
cyclone dust collector.

25 26 



EP 2 881 177 A1

15



EP 2 881 177 A1

16



EP 2 881 177 A1

17



EP 2 881 177 A1

18



EP 2 881 177 A1

19



EP 2 881 177 A1

20



EP 2 881 177 A1

21



EP 2 881 177 A1

22



EP 2 881 177 A1

23



EP 2 881 177 A1

24



EP 2 881 177 A1

25



EP 2 881 177 A1

26



EP 2 881 177 A1

27



EP 2 881 177 A1

28



EP 2 881 177 A1

29



EP 2 881 177 A1

30



EP 2 881 177 A1

31



EP 2 881 177 A1

32



EP 2 881 177 A1

33



EP 2 881 177 A1

34



EP 2 881 177 A1

35

5

10

15

20

25

30

35

40

45

50

55



EP 2 881 177 A1

36

5

10

15

20

25

30

35

40

45

50

55



EP 2 881 177 A1

37

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP H263560 B [0005] • JP H2184357 B [0005]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

