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(57) A precipitator comprises a gas pipe through

which a treatment target gas flows from an upstream side

toward a downstream side; a plurality of trapping parts
provided for the gas pipe and configured to trap target
particles contained in the treatment target gas; and a
connection electrode connected to the plurality of trap-
ping parts. Each of the plurality of trapping parts has: a
tubular outer electrode having an internal space through

which the treatment target gas passes, and aninnerelec-

trode arranged coaxially with the outer electrode in the
internal space, the plurality of trapping parts is arranged
in parallel in a cross section of the gas pipe, and the
connection electrode is connected to the respective inner
electrodes of the plurality of trapping parts and is also
arranged on a further downstream side than the plurality
of trapping parts.
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Description
BACKGROUND
1. TECHNICAL FIELD

[0001] The present invention relates to a precipitator.

2. RELATED ART

[0002] In the related art, suggested is a precipitator
configured to generate corona discharge by using a co-
axial cylindrical electrode structure, thereby charging
particle matters in a treatment target gas and collecting
dust (for example, refer to Patent Documents 1 and 2).
In addition, suggested is also a precipitator having an
electrode configuration where parallel flat plates having
a plurality of splinter electrodes are arranged in multi lay-
ers (for example, refer to Patent Document 3).

[Patent Document 1]: Japanese Patent Application Pub-
lication No. 2012-170869

[Patent Document 2]: Japanese Patent Application Pub-
lication No. 2011-245429

[Patent Document 3]: Japanese Patent Application Pub-
lication No. 2009-166006

[TECHNICAL PROBLEM]

[0003] In the precipitator, it is preferable to stably gen-
erate the corona discharge while reducing a pressure
loss at the time when the treatment target gas passes
through the precipitator.

[GENERAL DISCLOSURE]

[0004] In order to solve the above-described problem,
a first aspect of the present invention provides a precip-
itator. The precipitator may comprise a gas pipe, a plu-
rality of trapping parts, and a connection electrode. The
gas pipe may be configured so that a treatment target
gas flows from an upstream side toward a downstream
side. The plurality of trapping parts may be provided for
the gas pipe. The plurality of trapping parts may be con-
figured to trap target particles contained in the treatment
target gas. The connection electrode may be connected
to the plurality of trapping parts. Each of the plurality of
trapping parts may have a tubular outer electrode. The
treatment target gas may pass through an internal space
of the tubular outer electrode. Each of the plurality of
trapping parts may have an inner electrode. The inner
electrode may be arranged coaxially with the outer elec-
trode in the internal space. The plurality of trapping parts
may be arranged in parallel in a cross section of the gas
pipe. The connection electrode may be connected to the
respective inner electrodes of the plurality of trapping
parts. The connection electrode may be arranged on a
further downstream side than the plurality of trapping
parts.
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[0005] The connection electrode may have a grid part.
The grid part may be provided with an electrode in a grid
pattern. The grid part and the respective inner electrodes
may be connected.

[0006] Adiameterofthe electrode provided forthe con-
nection electrode in the grid pattern may be greater than
a diameter of the inner electrode.

[0007] The precipitator may further comprise a sealing
part. The sealing part may be configured to seal a space
between the trapping parts in the plurality of trapping
parts.

[0008] The sealing part may be provided at end por-
tions on the upstream side of the plurality of trapping
parts.

[0009] A distance between the connection electrode

and a wall of the gas pipe may be greater than an inner
diameter of the outer electrode.

[0010] The at least one outer electrode may have a
length in an axial direction different from the other outer
electrodes.

[0011] Among the plurality of outer electrodes, the out-
er electrode arranged in a centermost position on a cross
section of the gas pipe may be longer than the other outer
electrodes.

[0012] The respective outer electrodes may be the
same in terms of positions of end portions on an upstream
side.

[0013] A wall of the gas pipe may be provided with a
through-hole through which the connection electrode
passes. The precipitator may further comprise an accom-
modation part. The accommodation part may be ar-
ranged outside the gas pipe. The accommodation part
may be configured to accommodate an end portion of
the connection electrode passing through the through-
hole. The accommodation part may be configured to sup-
port the end portion of the connection electrode. The
through-hole may be arranged on a further downstream
side than the plurality of trapping parts.

[0014] The precipitator may further comprise an air
pressure maintaining part. The air pressure maintaining
part may be configured to maintain an air pressure in the
accommodation part to be higher than an air pressure in
the gas pipe.

[0015] A radius of the through-hole may be greater
than an inner diameter of the outer electrode.

[0016] The precipitator may comprise a first trapping
part group and a second trapping part group. The first
trapping part group may have the plurality of trapping
parts. The plurality of trapping parts may be provided for
the gas pipe. The plurality of trapping parts may be ar-
ranged in parallel in a cross section of the gas pipe. The
second trapping part group may be provided on a further
upstream side than the first trapping part group in the
gas pipe. The second trapping part group may have the
plurality of trapping parts. The plurality of compensating
parts may be arranged in parallel in a cross section of
the gas pipe. The precipitator may comprise a first con-
nection electrode. The first connection electrode may be
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arranged on a further downstream side than the first trap-
ping part group. The first connection electrode may be
connected to the respective inner electrodes of the first
trapping part group. The precipitator may comprise a sec-
ond connection electrode. The second connection elec-
trode may be arranged between the second trapping part
group and the first trapping part group. The second con-
nection electrode may be connected to the respective
inner electrodes of the second trapping part group.
[0017] The summary clause does not necessarily de-
scribe all necessary features of the embodiments of the
present invention. The present invention may also be a
sub-combination of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a perspective cross-sectional view showing
a configuration example of a precipitator 1in accord-
ance with one embodiment of the present invention.
Fig. 2 shows an example of a YZ cross section of
the precipitator 1.

Fig. 3 shows a configuration example of a trapping
part 110.

Fig. 4 shows an example of an XY cross section of
the trapping part 110 shown in Fig. 3.

Fig. 5 shows an example of an XY cross section of
the precipitator 1 taken along a line a-a’ in Fig. 1.
Fig. 6 shows an example of an XY cross section of
the precipitator 1 taken along a line b-b’ in Fig. 1.
Fig. 7 is an XY cross-sectional view showing another
example of the precipitator 1.

Fig. 8 is an XY cross-sectional view showing another
example of the precipitator 1.

Fig. 9 is a YZ cross-sectional view showing another
example of the precipitator 1.

Fig. 10 is a YZ cross-sectional view showing an ex-
ample of a precipitator 2.

Fig. 11is a YZ cross-sectional view showing another
example of the precipitator 2.

Fig. 12is a YZ cross-sectional view showing another
example of the precipitator 1.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0019] Hereinafter, the present invention will be de-
scribed through embodiments of the invention, but the
following embodiments do not limit the invention accord-
ing to the claims. In addition, all combinations of features
described in the embodiments are not necessarily es-
sential to the solutions of the invention.

[0020] Fig. 1 is a perspective cross-sectional view
showing a configuration example of a precipitator 1 in
accordance with one embodiment of the present inven-
tion. The precipitator 1 is an electrostatic precipitator ma-
chine. The precipitator 1 is configured to charge and trap
particles such as particle matter (PM) and black carbon
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(BC) contained in a treatment target gas. The treatment
target gas is an exhaust gas that is exhausted from an
engine of a ship or the like, for example, but is not limited
thereto.

[0021] The precipitator 1 may also be used in combi-
nation with a scrubber apparatus configured to remove
dust particles by spraying a liquid to the treatment target
gas. For example, after removing the particles of the
treatment target gas by the precipitator 1, the particles
of the treatment target gas may be further removed in
the scrubber apparatus. Alternatively, after removing the
particles of the treatment target gas in the scrubber ap-
paratus, the particles of the treatment target gas may
also be further removed by the precipitator 1.

[0022] The precipitator 1 comprises a gas pipe 100
through which the treatment target gas flows from an
upstream side toward a downstream side, a plurality of
trapping parts 110 configured to trap target particles, and
a connection electrode 120 connected to the plurality of
trapping parts 110. In the present example, the treatment
target gas flows in a predetermined direction (the Z-axis
direction, in Fig. 1).

[0023] The gas pipe 100 may have an upstream-side
flange part 101 and a downstream-side flange part 102
so that the gas pipe can be attached in the middle of a
pipe path for the treatment target gas. In the present ex-
ample, the gas pipe 100 has a main body part 103 be-
tween the upstream-side flange part 101 and the down-
stream-side flange part 102.

[0024] The plurality of trapping parts 110 is each con-
figured to trap target particles contained in the treatment
target gas. The number of the plurality of trapping parts
110 to be arranged is not limited to the case shown in
Fig. 1. Each of the plurality of trapping parts 110 has an
inner electrode 10 and an outer electrode 20. The outer
electrode 20 is a tubular metal electrode having an inter-
nal space through which the treatment target gas passes.
The inner electrode 10 is a metal electrode arranged co-
axially with the outer electrode 20 in the internal space.
The plurality of trapping parts 110 is arranged in parallel
in a cross section of the gas pipe 100. With such a con-
figuration, it is possible to secure an amount of a treat-
ment gas while reducing a pressure loss at the time when
the treatment target gas passes through the precipitator
1. Note that, anin-line type precipitator may be configured
by arranging the plurality of trapping parts 110 in parallel
in the cross section of the gas pipe 100. The in-line type
may mean a configuration where the trapping parts 110
are arranged in the gas pipe 100.

[0025] Unlike a parallel flat plate electrode having
splinters, the trapping part 110 is configured to maintain
and secure an interelectrode distance (a gap length) in
the coaxial cylindrical shape. Since the inner electrode
10 and the outer electrode 20 are configured in the co-
axial cylindrical shape, the inner electrode 10 and the
outer electrode 20 can be manufactured by lathe
processing. Therefore, it is possible to easily secure the
dimension accuracy, and to accurately secure a neces-
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sary interelectrode distance in a circumferential direction.
[0026] Inthe present example, the plurality of trapping
parts 110 each having a coaxial cylindrical electrode
structure is parallelized. The parallelization of the plurality
of trapping parts 110 can enable implementation of a
trapping capability capable of sufficiently treating the ex-
haust gas from an engine of an actual ship or the like.
[0027] The connection electrode 120 is formed of a
conductive material such as metal. The connection elec-
trode 120 is connected to the respective inner electrodes
10 of the plurality of trapping parts 110. By one connec-
tion electrode 120, it is possible to collectively support
the inner electrodes 10 that are a plurality of high-voltage
electrodes. The connection of the connection electrode
120 and the respective inner electrodes 10 may include
welding, screwing, connection by a connecting member
such as a joint, and a case of being integrally cast.
[0028] In the present example, the connection elec-
trode 120 includes a part formed in a grid pattern along
an XY plane. The connection electrode 120 is arranged
on a further downstream side than the plurality of trapping
parts 110 with respect to a flow of the treatment target
gas.

[0029] A wall of the gas pipe 100 is provided with at
least two through-holes 104a and 104b through which
end portions of the connection electrode 120 pass. The
through-hole 104a and the through-hole 104b may be
provided on sidewalls of the gas pipe 100 facing each
other. The through-holes 104a and 104b are arranged
on a further downstream side than the plurality of trapping
parts 110.

[0030] The precipitator 1 comprises at least two ac-
commodation parts 130a and 130b. The accommodation
parts 130a and 130b are arranged outside the gas pipe
100. The accommodation part 130a is configured to ac-
commodate one end portion of the connection electrode
120 passing through the through-hole 104a and to sup-
port the one end portion of the connection electrode 120.
Similarly, the accommodation part 130b is configured to
accommodate the other end portion of the connection
electrode 120 passing through the through-hole 104b
and to support the other end portion of the connection
electrode 120.

[0031] Specifically, the accommodation part 130a may
have a support part 132a and an accommodation cham-
ber 133a. The support part 132a is configured to support
the end portion of the connection electrode 120. In an
example, the support part 132a is an insulator. The ac-
commodation chamber 133a is configured to accommo-
date the support part 132a. The accommodation cham-
ber 133a is configured to partition the support part 132a
from an external space. The support part 132a may be
fixed to a side surface of the gas pipe 100 or an inner
surface of the accommodation chamber 133a. The ac-
commodation part 130b has a support part 132b and an
accommodation chamber 133b. The accommodation
part 130b is configured in a similar manner to the accom-
modation part 130a. Therefore, the repeated description
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is omitted.

[0032] By the plurality of trapping parts 110, particles
such as particle matter (PM) and black carbon (BC) con-
tained in the treatment target gas are trapped. Therefore,
the treatment target gas on a further downstream side
than the plurality of trapping parts 110 less contains par-
ticles such as particle matter (PM) and black carbon (BC)
than the treatment target gas on a further upstream side
than the plurality of trapping parts 110. The connection
electrode 120 is arranged on a further downstream side
than the plurality of trapping parts 110 with respect to the
flow of the treatment target gas. According to this con-
figuration, it is possible to reduce defacement of the con-
nection electrode 120. When the conductive PM adheres
tothe connection electrode 120, the connection electrode
120 becomes substantially thick and inequality, which is
afeature of corona discharge, cannot be secured, so that
spark discharge may frequently occur. In addition, even
if the PM has low conductivity, when the PM adheres or
deposits on the connection electrode 120, since the PM
is a dielectric, the deposited PM is polarized to cause
discharge called back discharge, so that sparks may fre-
quently occur. According to the presentexample, deface-
ment of the connection electrode 120 due to the PM is
reduced, so that it is possible to stably generate corona
discharge while avoiding the spark discharge.

[0033] Further, the through-holes 104a and 104b are
arranged on the further downstream side than the plu-
rality of trapping parts 110, so that defacement of insides
of the accommodation parts 130a and 130b can be re-
duced. This makes it possible to prevent insulating prop-
erties of the support parts 132a and 132b from being
damaged due to defacement of the support parts 132a
and 132b as much as possible. Therefore, it is possible
to prevent spark discharge at the support parts 132a and
132b.

[0034] The precipitator 1 may further comprise a seal-
ing part 140 configured to seal a space between the ad-
jacent trapping parts in the plurality of trapping parts 110.
The sealing part 140 is configured to prevent the treat-
menttarget gas from escaping toward a downstream side
through a gap between the adjacent trapping parts.
[0035] When a cross-sectional area of an internal
space of the outer electrode 20 of one trapping part 110
arranged in the main body part 103 is denoted as S and
the number of the plurality of trapping parts 110 arranged
in parallelin across section of the gas pipe 100 is denoted
as n, a sum (SXxn) of the cross-sectional areas S of the
n internal spaces may be configured to be equal to or
greater than a cross-sectional area Sy of an internal
space of each pipe connected to the upstream-side
flange part 101 and the downstream-side flange part 102,
respectively. When a cross-sectional area of an internal
space of the main body part 103 is denoted as S, and
an area sealed by the sealing part 140 in the XY plane
is denoted as S,, S-S, may be configured to be equal to
or greater than Sg. In this case, the cross-sectional area
S, of the main body part 103 is greater than the cross-
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sectional area Sg of each pipe connected to the up-
stream-side flange part 101 and the downstream-side
flange part 102, respectively. This makes it possible to
reduce a pressure loss as the time when the treatment
target gas passes through insides of the trapping parts
110. The respective cross-sectional areas S, Sg and S,
are cross-sectional areas of respective parts on a plane
cut perpendicular to a longitudinal direction (a flow direc-
tion of the treatment target gas).

[0036] Fig. 2 schematically shows an example ofa YZ
cross section of the precipitator 1. Fig. 2 shows a YZ
cross section passing through the support parts 132a
and 132bin Fig. 1. However, for convenience of descrip-
tion, the number of the plurality of trapping parts 110 is
shown smaller than the configuration shown in Fig. 1.
[0037] The plurality of trapping parts 110-1, 110-2,
110-3 and 110-4 (collectively referred to as the trapping
parts 110) may be fixed to the common plate-shaped
sealing part 140 by welding or the like. An edge portion
of the sealing part 140 may be fixed to an inner wall of
the gas pipe 100 constituting a flue by welding or the like.
That is, the plurality of trapping parts 110 may be fixed
inside of the gas pipe 100 through the common sealing
part 140. The sealing part 140 is provided at end portions
on an upstream side of the plurality of trapping parts 110.
This makes it possible to prevent the treatment target
gas from entering spaces among the plurality of trapping
parts 110. However, the sealing part 140 is not limited
thereto, and may also be provided at end portions on a
downstream side of the plurality of trapping parts 110 or
may also be respectively provided at the respective end
portions on the upstream side and on the downstream
side of the plurality of trapping parts 110.

[0038] The precipitator 1 of the present example com-
prises an air pressure maintaining part 150. The air pres-
sure maintaining part 150 is configured to maintain an
air pressure in the accommodation chamber 133a of the
accommodation part 130a to be higher than an air pres-
sure in the gas pipe 100. The air pressure maintaining
part 150 may also be configured to introduce an inert gas
such as nitrogen into the accommodation part 130a or
to introduce air. This makes it possible to suppress inflow
of the treatment target gas into the accommodation
chamber 133a through the through-hole 104a. Similarly,
the air pressure maintaining part 150 is configured to
maintain an air pressure in the accommodation chamber
133b of the accommodation part 130b to be higher than
the air pressure in the gas pipe 100. This makes it pos-
sible to suppress inflow of the treatment target gas into
the accommodation chamber 133b through the through-
hole 104b. According to the air pressure maintaining part
150, it is possible to suppress the particles in the treat-
ment target gas from adhering to the support parts 132
and 132b and the like, which are insulators and the like,
and to prevent undesirable discharge from occurring at
the insulators and the like.

[0039] The precipitator 1 may be provided with a volt-
age applying part 152 configured to apply a voltage to
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the connection electrode 120. The voltage applied by the
voltage applying part 152 is applied to the inner elec-
trodes 10 of the respective trapping parts 110 through
the connection electrode 120. In addition, the connection
electrode 120 is configured to mechanically fix the inner
electrodes 10. In the present example, the inner elec-
trode 10 extends in one direction (in the presentexample,
a vertical direction). One ends (upper ends) of the inner
electrodes 10 are fixed to a grid part of the connection
electrode 120 where an electrode is provided in a grid
pattern. In other words, in the present example, the re-
spective inner electrodes 10 and the connection elec-
trode 120 may constitute a cantilever beam where one
ends of the inner electrodes 10 are fixed ends and the
other ends are free ends. By adopting the cantilever
beam structure, itbecomes easy to secure dust collecting
performance corresponding to characteristics and oper-
ating load situations of an engine to which the precipitator
1 is applied.

[0040] A diameter W2 of the electrode provided for the
connection electrode 120 in the grid pattern is greater
than a diameter W1 of the inner electrode 10. This pre-
vents the connection electrode 120 from being distorted
or bent. In the present example, in a case where a cross-
sectional shape of the connection electrode 120 is not
circular, the diameter W2 of the electrode may be a thick-
ness in the Z-axis direction. Increasing the thickness of
the connection electrode 120 ofthe present example pre-
vents the connection electrode 120 from being distorted
or bent. Thereby, even when the connection electrode
120 suspends the plurality of inner electrodes 10, angles
at which the inner electrodes 10 are suspended do not
change, so that the inner electrodes 10 and the outer
electrodes 20 can be maintained parallel. In the present
example, since a gap between the inner electrode 10 and
the outer electrode 20 can be maintained at a predeter-
mined distance, the corona discharge can be stably gen-
erated.

[0041] A radius R1 of each of the through-holes 104a
and 104b may be greater than an inner diameter Rb of
the cylindrical outer electrode 20. This makes it possible
to prevent discharge between the gas pipe 100 having
the through-holes 104a and 104b and the connection
electrode 120.

[0042] Each of the trapping parts 110 may have a trap-
ping electrode 30, in addition to the inner electrode 10
and the outer electrode 20. Subsequently, the trapping
part 110 is described.

[0043] Fig. 3 shows a configuration example of the
trapping part 110. In Fig. 3, the outer electrode 20 has a
rod shape having a length in a predetermined direction
(the Z-axis direction, in Fig. 3), and an internal space 40
is provided inside the rod shape. In the present example,
the outer electrode 20 has a cylindrical shape.

[0044] The internal space 40 connects to an external
space at both ends in the Z-axis direction of the outer
electrode 20. At an end portion in the Z-axis direction,
the treatment target gas is introduced into the internal
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space 40. In the present specification, the longitudinal
direction of the outer electrode 20 is assumed to be the
Z-axis direction, and two orthogonal axes perpendicular
to the Z-axis are assumed to be the X-axis and the Y-
axis. In the present example, the outer electrode 20 is
configured to surround the internal space 40 with a plate-
shaped metal electrode.

[0045] The treatment target gas passes through the
internal space 40. In the present example, the treatment
target gas passes through the internal space 40 along
the Z-axis direction. The trapping part 110 is configured
to trap particles contained in the passing treatment target
gas.

[0046] The inner electrode 10 is a metal electrode ar-
ranged coaxially with the outer electrode 20 in the internal
space 40. That is, the inner electrode 10 is arranged at
a center of the internal space 40 on the XY plane per-
pendicular to the Z-axis direction. The center of the in-
ternal space 40 may be a geometric center of gravity of
the internal space 40 on the XY plane. In a case where
the internal space 40 on the XY plane has a circular
shape, the center of the internal space 40 is a center of
the circle. The inner electrode 10 has a linear shape par-
allel to the Z-axis direction. The shape of the inner elec-
trode 10 on the XY plane is preferably circular. The inner
electrode 10 may or may not have a cavity therein. A
distance between the inner electrode 10 and the outer
electrode 20 on the XY plane is uniform over the entire
Z-axis direction.

[0047] Areference potentialis applied tothe outerelec-
trode 20. The reference potential is, for example, a
ground potential. A predetermined high potential higher
than the potential of the outer electrode 20 is applied to
the inner electrode 10. By applying the predetermined
potentials to the respective electrodes, the corona dis-
charge is generated in the internal space 40 between the
inner electrode 10 and the outer electrode 20. This makes
it possible to charge the particles contained in the treat-
ment target gas passing through the internal space 40.
[0048] Each of the trapping parts 110 is configured to
trap the charged particles in a predetermined region by
using Coulomb force or the like. The trapping part 110
of the present example is configured to trap the charged
particles in an outer region of the outer electrode 20. The
trapping part 110 of the present example further has a
trapping electrode 30. The trapping electrode 30 is a tu-
bular metal electrode arranged to surround the outer
electrode 20 and having a length in the Z-axis direction.
In the Z-axis direction, the trapping electrode 30 and the
outer electrode 20 may have the same lengths. A poten-
tial lower than the inner electrode 10 is applied to the
trapping electrode 30. The same potential as the outer
electrode 20 may be applied to the trapping electrode
30. For example, both the trapping electrode 30 and the
outer electrode 20 may be grounded. In this case, the
trapping electrode 30 and the outer electrode 20 consti-
tute a ground electrode.

[0049] A trapping space 50 is provided between the
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trapping electrode 30 and the outer electrode 20. In ad-
dition, the plate-shaped metal electrode of the outer elec-
trode 20 is provided with a plurality of outer electrode
through-holes 22. The outer electrode through-holes 22
are formed to connect the internal space 40 and the trap-
ping space 50 each other.

[0050] The charged particles present in the internal
space 40 are moved in a direction from the inner elec-
trode 10 toward the outer electrode 20 by Coulomb force
and ion wind generated by the corona discharge. The
charged particles pass through the outer electrode
through-holes 22 and are trapped in the trapping space
50. Note that, the arrangement of the trapping space 50
is not limited to the present example. The trapping space
50 may also be arranged downstream of the outer elec-
trode 20. That is, the charged particles contained in the
treatment target gas after passing through the internal
space 40 may also be trapped downstream of the outer
electrode 20.

[0051] Accordingtothetrapping part 110 of the present
example, the electrode is not provided with a plurality of
protrusions, and the columnar inner electrode 10 and the
cylindrical outer electrode 20 are coaxially arranged. For
this reason, it is possible to suppress concentration of
the electric field on a specific place and to suppress the
spark discharge. In addition, the treatment target gas
may be at high temperatures in the trapping part 110.
For example, the treatment target gas at up to 400°C
may be introduced into the trapping part 110 for a ship.
In this way, even when the temperature change becomes
large, it is possible to suppress the distance between the
inner electrode 10 and the outer electrode 20 from being
non-uniform, because the trapping part 110 has the cy-
lindrical coaxial structure. For this reason, it is possible
to suppress the spark discharge.

[0052] Fig. 4 showsan example of an XY cross section
of the trapping part 110. In Fig. 4, the inner electrode 10,
the outer electrode 20 and the trapping electrode 30 are
diagonally hatched. In the other drawings, the hatching
for the electrodes may be omitted.

[0053] The inner electrode 10 is arranged at a center
12 of the internal space 40 on the XY plane. That is, on
the XY plane, the center 12 of the internal space 40 over-
laps the inner electrode 10. On the XY plane, a center of
the inner electrode 10 preferably coincides with the cent-
er 12 of the internal space 40.

[0054] As shown in Fig. 4, an outer diameter of the
inner electrode 10 is denoted as Ra. The outer diameter
of the inner electrode 10 is a radius of the inner electrode
10 on the XY plane. That is, the outer diameter of the
inner electrode 10 is a distance between the center of
the inner electrode 10 and an outer circumferential end
14 of the inner electrode 10. The outer circumferential
end 14 of the inner electrode 10 of the present example
is a circle along an outer circumference of the inner elec-
trode 10.

[0055] As shown in Fig. 4, an inner diameter of the
outer electrode 20 is denoted as Rb. The inner diameter
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of the outer electrode 20 is a radius of an inner wall 24
of the outer electrode 20 on the XY plane. That is, the
inner diameter of the outer electrode 20 is a distance
between the center 12 and the inner wall 24 of the outer
electrode 20. The outer electrode 20 of the present ex-
ample has the inner wall 24 in contact with the internal
space 40, and an outer wall 26 in contact with the trapping
space 50. In addition, the outer electrode through-holes
22 of the outer electrode 20 penetrate through the outer
electrode 20 from the inner wall 24 to the outer wall 26.
[0056] A ratio Ra/Rb of the outer diameter Ra of the
inner electrode 10 and the inner diameter Rb of the outer
electrode 20 is smaller than 1/e. Note that, e is the base
of the natural logarithm, and e=2.71828. This makes it
possible to stably form the corona discharge in the inter-
nal space 40.

[0057] As for the tubular electrode coaxially arranged,
it is known that the insulation efficiency is highest when
the above-described ratio Ra/Rb is the same as 1/e (for
example, refer to the below literature. "High voltage en-
gineering", Asakura Publishing Co. Ltd. KOUNO Teruya,
pp. 28-29). For example, for a coaxial cable and the like,
since it is preferable to increase insulating properties of
an inner wiring and an outer shield, it is preferable to
design the ratio Ra/Rb to be the same as 1/e.

[0058] When the ratio Ra/Rb is the same as 1/e, an
electric field intensity distribution is likely to be uniform
from the inner electrode 10 to the outer electrode 20.
Such a state is referred to as a quasi-equal system. In
the quasi-equal system, a dielectric breakdown is less
likely to occur, but when the dielectric breakdown occurs,
the spark discharge occurs immediately and the corona
discharge cannot be generated.

[0059] If the ratio Ra/Rb is made smaller than 1/e, the
electric field is concentrated in the vicinity of the inner
electrode 10 and the electric field intensity distribution
from the inner electrode 10 to the outer electrode 20 be-
comes non-uniform. Such a state is referred to as an
unequal system. In the unequal system, since the electric
field is concentrated in the vicinity of the inner electrode
10, the corona discharge is likely to be generated.
[0060] In the trapping part 110 of the presentexample,
on the XY plane, it becomes easy to uniformly generate
the corona discharge in the entire internal space 40 at
360 degrees around the inner electrode 10. Further, also
in the Z-axis direction, it becomes easy to uniformly gen-
erate the corona discharge in the entire internal space
40. This makes it possible to effectively charge the par-
ticles contained in the treatment target gas passing
through the internal space 40. On the other hand, in a
method of providing protrusions on the flat plate electrode
and causing corona discharge, the electric field intensity
changes according to a distance from the protrusions.
For this reason, in some cases, it is difficult to charge
particles passing through a region spaced from the pro-
trusions, such as a center between the two protrusions.
[0061] Thesmallerthe ratio Ra/Rbisthan 1/e,the more
stably the corona discharge can be generated. The ratio
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Ra/Rb may be smaller than 1/(2e). The ratio Ra/Rb may
be smaller than 1/(5e) and may also be smaller than
1/(10e).

[0062] Forexample, the outer diameter Ra of the inner
electrode 10 is equal to or greater than 1mm and equal
to or smaller than 10mm. The outer diameter Ra of the
inner electrode 10 may also be equal to or smaller than
5mm. The inner diameter Rb of the outer electrode 20 is
equal to or greater than 10mm and equal to or smaller
than 100mm. The inner diameter Rb of the outer elec-
trode 20 may be equal to or greater than 50mm.

[0063] In addition, a distance d between the outer cir-
cumferential end 14 of the inner electrode 10 and the
inner wall 24 of the outer electrode 20 may be equal to
or smaller than 40mm. The distance d corresponds to a
difference Rb-Ra between the inner diameter Rb and the
outer diameter Ra. When the distance d becomes too
large, the electric field in the vicinity of the outer electrode
20 becomes weak, so that it is difficult to charge the par-
ticles passing through the vicinity of the outer electrode
20. By setting the distance d to 40mm or smaller, it is
possible to secure the sufficient electric field in the entire
internal space 40. For this reason, it becomes easy to
charge all the particles passing through the internal
space 40.

[0064] The trapping part 110 of the present example
further has a combustion part 60 configured to combust
the charged particles, in addition to the configuration de-
scribed in Fig. 3. The combustion part 60 is, for example,
a heater. The combustion part 60 may be provided on
an inner wall surface of the trapping electrode 30. The
inner wall surface of the trapping electrode 30 is a wall
surface, which faces the outer electrode 20, of wall sur-
faces of the trapping electrode 30. In another example,
the combustion part 60 may also have an electrode con-
figured to generate microwaves in the trapping space 50.
The combustion part 60 may be configured to control
wavelengths of the microwaves so that the microwaves
in the trapping space 50 become standing waves. The
generation of the standing waves of the microwaves con-
centrates the energy on peak portions of the standing
waves, making iteasier to combust the particles. By com-
busting the charged particles, it is possible to suppress
the trapping space 50 from being filled with the charged
particles.

[0065] Fig. 5 schematically shows an example of an
XY cross section of the precipitator 1 taken along a line
a-a’in Fig. 1. The connection electrode 120 of the present
example has a plurality of extension portions 121a and
121b and a grid part 122. The extension portion 121a is
an electrode extending from one side of the grid part 122
toward the through-hole 104a. Similarly, the extension
portion 121b is an electrode extending from another side
facing the one side of the grid part 122 toward the
through-hole 104a. The extension portions 121a and
121b may be provided in facing positions with the grid
part 122 interposed therebetween.

[0066] The grid part 122 is a part where an electrode
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is provided in a grid pattern. In the present example, the
grid part 122 includes a frame portion 123 constituting
an outline of the grid part 122, a plurality of first extension
portions 124 (124-1, 124-2, 124-3, 124-4) extending in
one direction in a region surrounded by the frame portion
123, and a plurality of second extension portions 125
extending in another direction in the region surrounded
by the frame portion 123. In addition, the grid part 122
may have a linear portion extending in a linear shape
between the extension portions 121a and 121b. Howev-
er, the pattern of the grid part 122 may be a pattern where
the grid part 122 is connected to the inner electrodes 10
of the respective trapping parts 110 and the grid part 122
can fix the positions of the inner electrodes 10, and is not
limited to the case of Fig. 5.

[0067] A diameter W3 of the electrode provided for the
connection electrode 120 in the grid pattern is greater
than the diameter W1 of the inner electrode 10. Note that,
the diameter W3 of the electrode may be an electrode
width in a width direction in the XY plane. As shown in
Fig. 2, the electrode thickness W2 of the electrode in the
Z-axis direction is also greater than the diameter W1 of
the inner electrode 10. With such a configuration, it is
possible to prevent the connection electrode 120 from
being distorted or bent. Therefore, the position and the
extending angle of each inner electrode 10 are fixed by
the connection electrode 120. This maintains the intere-
lectrode distance between the inner electrode 10 and the
outer electrode 20, making it possible to generate the
stable corona discharge.

[0068] AdistancelLcbetweenthe connectionelectrode
120 and the wall of the gas pipe 100 may be greater than
the inner diameter (radius) Rb of the outer electrode 20.
In addition, the radius R1 of each of the through-holes
104a and 104bis greater than the inner diameter (radius)
Rb of the outer electrode 20. With such a configuration,
it is possible to prevent discharge between the gas pipe
100 and the connection electrode 120.

[0069] Fig. 6 schematically shows an example of an
XY cross section of the precipitator 1 taken along a line
b-b’ in Fig. 1. In Fig. 6, the inner electrode 10 and the
sealing part 140 are diagonally hatched. In the other
drawings, the hatching for the electrode may be omitted.
[0070] As shown in Fig. 6, the sealing part 140 has a
flat plate shape. The sealing part 140 is provided with a
plurality of openings 142 corresponding to positions to
which the respective trapping parts 110 are attached. An
end edge of the opening 142 and the outer electrode 20
may be welded. Thereby, the opening 142 and the outer
electrode 20 communicate. An end portion of the trapping
electrode 30 may be welded to the XY plane of the sealing
part 140. Thereby, the sealing part 140 is configured to
cover between the end portion of the trapping electrode
30 and the end portion of the outer electrode 20. There-
fore, it is possible to prevent the treatment target gas
from flowing into the trapping space 50 (Fig. 4) between
the trapping electrode 30 and the outer electrode 20.
[0071] An end edge of the sealing part 140 can be
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bonded to the inner surface of the gas pipe 100 by welding
or the like. Therefore, it is possible to securely fix the
position of the trapping electrode 30 and the position of
the outer electrode 20 via the sealing part 140.

[0072] Fig. 7 is an XY cross-sectional view showing
another example of the precipitator 1. In the present ex-
ample, each of the trapping parts 110 has the inner elec-
trode 10 and the outer electrode 20 and does not have
the trapping electrode 30 and the combustion part 60.
[0073] The precipitator 1 shown in Fig. 7 comprises a
trapping electrode 30 arranged to surround a plurality of
outer electrodes 20 arranged in parallel. That is, the plu-
rality of outer electrodes 20 is arranged in a region sur-
rounded by the one trapping electrode 30. A shape and
a size of an outer edge of the trapping electrode 30 may
be substantially the same as a shape and a size of the
inner surface of the gas pipe 100. The trapping part 110
may also have a combustion part 60 arranged to surround
the plurality of outer electrodes 20 arranged in parallel.
The combustion part 60 may be a heater provided on an
inner wall surface of the trapping electrode 30. According
to the present example, the trapping electrode 30 and
the combustion part 60 of the plurality of trapping parts
110 can be commonly used.

[0074] As shown in Fig. 7, the connection electrode
120 has a grid pattern different from the case shown in
Fig. 5. According to the configuration shown in Fig. 7,
one electrode is connected to one inner electrode 10 so
as not to hinder the flow of the treatment target gas. How-
ever, the present invention is not limited to this case, and
as shown in Fig. 5, the grid pattern where the plurality of
electrodes is connected to one inner electrode 10 may
also be adopted.

[0075] Therespective outerelectrodes 20 are provided
with the outer electrode through-holes 22 shown in Fig.
4 and the like. The respective outer electrodes 20 may
be welded to the sealing part 140. In addition, the respec-
tive outer electrodes 20 may also be welded each other.
A charging material may be filled between the outer elec-
trodes 20 so that a gap is not formed between the outer
electrodes 20. The filling material may be a conductive
material such as metal or may also be an insulating ma-
terial such as resin.

[0076] Fig. 8 is an XY cross-sectional view showing
another example of the precipitator 1. As for the precip-
itator 1 shown in Figs. 5 and 7, the case where the side-
walls of the gas pipe 100 are provided with the two
through-holes 104a and 104b is shown. In the example
shown in Fig. 8, the sidewalls of the gas pipe 100 are
provided with four through-holes 104a, 104b, 104c and
104d. The through-hole 104a and the through-hole 104b
may be provided on a pair of sidewalls of the gas pipe
100 facing each otherin a first direction (Y-axis direction).
The through-hole 104c and the through-hole 104d may
be provided on a pair of sidewalls of the gas pipe 100
facing each other in a second direction (X-axis direction).
[0077] The precipitator 1 comprises four accommoda-
tion parts 130a, 130b, 130c and 130d. The accommoda-
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tion parts 130a, 130b, 130c and 130d are arranged out-
side the gas pipe 100. The accommodation parts 130a
and 130b face each other in the Y-axis direction. The
accommodation parts 130c and 130d face each other in
the X-axis direction. The configurations of the respective
accommodation parts 130a, 130b, 130c and 130d are
similar to the respective accommodation parts 130a and
130b shown in Fig. 5.

[0078] The connection electrode 120 shown in Fig. 8
has a grid part 122 and a plurality of extension portions
121a, 121b, 121c and 121d extending from the grid part
122. The extension portions 121a and 121b extend along
the Y-axis direction, respectively. The extension portions
121c and 121d extend along the X-axis direction, respec-
tively. The accommodation part 130c is configured to ac-
commodate and support an end portion of the extension
portion 121c passing through the through-hole 104c.
Similarly, the accommodation part 130d is configured to
accommodate and support an end portion of the exten-
sion portion 121d passing through the through-hole 104d.
According to the present example, since the connection
electrode 120 is fixed in the first direction and in the sec-
ond direction different from the first direction, the distor-
tion and bending of the connection electrode 120 can be
further reduced. In particular, it is possible to prevent dis-
tortion of the connection electrode 120 about the Y-axis
as a central axis.

[0079] Fig.9isaYZcross-sectional view schematically
showing another example of the precipitator 1. In the
present example, at least one outer electrode of a plu-
rality of outer electrodes 20 has a length in an axis direc-
tion different from the other outer electrodes. The axis
direction may be alongitudinal direction of the outer elec-
trode 20 or may be a flow direction of the treatment target
gas. In the present example, the axis direction is the Z-
axis direction. Among the plurality of outer electrodes
20-1 to 20-5, the outer electrode 20-3 arranged in a cen-
termost position on the XY cross section of the gas pipe
100 is longer than the other outer electrodes.

[0080] Inthe presentexample, alength L1 of the outer
electrode 20-3 is longer than respective lengths L2 of the
outer electrodes 20-2 and 20-4, and the respective
lengths L2 of the outer electrodes 20-2 and 20-4 are long-
er than respective lengths L3 of the outer electrodes 20-1
and 20-5. That is, in the present example, the length L1
of the outer electrode 20-3 arranged in the centermost
position on the XY cross section of the gas pipe 100 is
longest, and the lengths of the outer electrodes 20 be-
come shorter from the center toward the outer side.
[0081] According to the present example, since the
treatment target gas is likely to flow at the center of the
gas pipe 100, the length L1 of the outer electrode 20-3
is made long, making it possible to increase the dust col-
lecting force. However, the precipitator 1 of the present
example is not limited to this case, and at a place after
the gas pipe is bent, the outer electrode 20-1 or 20-5 at
an end on the XY cross section of the gas pipe 100 may
also be made long.
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[0082] In the present example, the respective outer
electrodes 20-1to 20-5 are the same in terms of positions
of end portions on the upstream side. If there is an une-
venness on a side where the treatment target gas flows
in, a flow path may change. Therefore, by aligning sur-
faces on the side where the treatment target gas flows
in, the treatment target gas is likely to equally enter the
plurality of trapping parts 110.

[0083] Fig. 10 is a YZ cross-sectional view schemati-
cally showing an example of a precipitator 2. The precip-
itator 2 of the present example comprises a first unit 4
and a second unit 5. The first unit 4 and the second unit
5 correspond to the precipitator 1 described in Figs. 1 to
9, respectively.

[0084] The precipitator 2 comprises a first trapping part
group 112. Thefirsttrapping part group 112 has a plurality
of trapping parts 110-1, 110-2, 110-3, 110-4 and 110-5
(collectively referred to as the trapping parts 110). The
plurality of trapping parts 110 is provided inside the gas
pipe 100. The plurality of trapping parts 110 is arranged
in parallel in the XY cross section of the gas pipe 100.
[0085] The precipitator 2 comprises a second trapping
part group 212. The second trapping part group 212 is
provided on a further upstream side than the first trapping
part group 112 in the gas pipe 100. The second trapping
part group 212 has a plurality of trapping parts 210-1,
210-2, 210-3, 210-4 and 210-5 (collectively referred to
as the trapping parts 210). The plurality of trapping parts
210 is provided inside the gas pipe 100. The plurality of
trapping parts 210 is arranged in parallel in the XY cross
section of the gas pipe 100.

[0086] The precipitator 2 comprises a first connection
electrode 120 and a second connection electrode 220.
The first connection electrode 120 is arranged on a fur-
ther downstream side than the first trapping part group
112. The first connection electrode 120 is connected to
the respective inner electrodes 10 of the first trapping
part group 112. The second connection electrode 220 is
arranged between the second trapping part group 212
and the first trapping part group 112. The second con-
nection electrode 220 is connected to the respective in-
ner electrodes 10 of the second trapping part group 212.
[0087] The precipitator 2 may comprise firstaccommo-
dation parts 130a and 130b and second accommodation
parts 230a and 230b. The second accommodation part
230a is configured to accommodate one end portion of
the connection electrode 220 passing through a through-
hole 204a and to support the one end portion of the con-
nection electrode 220. Similarly, the second accommo-
dation part 230b is configured to accommodate the other
end portion of the connection electrode 220 passing
through a through-hole 204b and to support the other
end portion of the connection electrode 220. The config-
urations of the first accommodation parts 130a and 130b
are similar to the configurations shown in Fig. 2. There-
fore, the repeated description is omitted.

[0088] According to the configuration of Fig. 10, the
plurality of trapping parts 110 of the first trapping part
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group 112 and the plurality of trapping parts 210 of the
second trapping part group 212 are respectively sepa-
rated. Specifically, the respective outer electrodes 20 of
the first trapping part group 112 and the respective outer
electrodes 20 of the second trapping part group 212 are
separated. In addition, the respective trapping electrodes
30 of the first trapping part group 112 and the respective
trapping electrodes 30 of the second trapping part group
212 are also separated.

[0089] If the length of the trapping part 110 in the lon-
gitudinal direction becomes too long, it is difficult to main-
tain the interelectrode distance between the inner elec-
trode 10 and the outer electrode 20. In this respect, the
trapping partis divided into the trapping part 110 and the
trapping part 210 and arranged in a plurality of stages,
like the present embodiment, so that the length of the
inner electrode 10 per one can be shortened. In addition,
the length of the outer electrode 20 per one and the length
of the trapping electrode 30 per one can be shortened.
Therefore, while avoiding the spark discharge by main-
taining the interelectrode distance between the inner
electrode 10 and the outer electrode 20, it is possible to
enhance the trapping capability, similar to the case where
the length of the trapping partin the longitudinal direction
is lengthened.

[0090] As described above, the respective inner elec-
trodes 10 of the first trapping part group 112 and the
respective inner electrodes 10 of the second trapping
part group 212 may not be mechanically coupled. How-
ever, the presentinvention is not limited to this case, and
the respective inner electrodes 10 of the first trapping
part group 112 and the respective inner electrodes 10 of
the second trapping partgroup 212 may also be mechan-
ically coupled. Alsoin this case, the respective outer elec-
trodes 20 of the first trapping part group 112 and the
respective outer electrodes 20 of the second trapping
part group 212 may be separated. That is, in the trapping
parts 110 of the first trapping part group 112 and the
trapping parts 210 of the second trapping part group 212,
at least one of the inner electrodes 10 and the outer elec-
trodes 20 may be separated.

[0091] Fig. 11 is a YZ cross-sectional view schemati-
cally showing another example of the precipitator 2. In
the present example, a density of the grid (mesh) of the
second connection electrode 220 positioned on a further
upstream side than the first connection electrode 120 is
sparser than a density of the grid of the first connection
electrode 120. In addition, the inner diameters (radii) Rb
of the outer electrodes 20 of the second trapping part
group 212 positioned on a further upstream side than the
first trapping part group 112 are greater than the inner
diameters (radii) Rb of the outer electrodes 20 of the first
trapping part group 112. These features make it possible
to reduce contamination of the upstream-side unit to
which the particles such as particle matter (PM) and black
carbon (BC) are likely to adhere.

[0092] Fig. 12 is a YZ cross-sectional view schemati-
cally showing another example of the precipitator 1. In
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the present example, the longitudinal directions of the
respective inner electrodes 10-1, 10-2, 10-3 and 10-4 of
the plurality of trapping parts 110-1, 110-2, 110-3 and
110-4 are directions different from the vertical direction.
In order to secure the interelectrode distance (gap) be-
tween the inner electrode 10 and the outer electrode 20,
the inner electrode 10 and the outer electrode 20 are
preferably arranged to extend in the vertical direction. By
arranging the inner electrode 10 to extend in the vertical
direction, it is possible to make it difficult for deformation
due to an own weight of the inner electrode 10 and re-
sulting deviation of the interelectrode distance to occur.
However, the precipitator 1 of the present invention is
not limited to this case.

[0093] In the example shown in Fig. 12, the Z-axis di-
rection is the vertical direction. In an example, the re-
spective inner electrodes 10-1, 10-2, 10-3 and 10-4 of
the plurality of trapping parts 110 extend in the Y-axis
direction orthogonal to the vertical direction. In the
present example, the gas pipe 100 extends in the Y-axis
direction. Therefore, the treatment target gas flows along
the Y-axis direction.

[0094] The precipitator 1 of the present example com-
prises a first connection electrode 120-1 and a second
connection electrode 120-2. The first connection elec-
trode 120-1 is connected to one ends of the respective
inner electrodes 10-1, 10-2, 10-3 and 10-4 of the plurality
of trapping parts 110 by welding or the like. The second
connection electrode 120-2 is connected to the other
ends of the respective inner electrodes 10-1, 10-2, 10-3
and 10-4 by welding or the like. In the present example,
a double supported beam where both one end and the
other end of the inner electrode 10-1 are fixed ends is
constituted. This makes it possible to prevent the inner
electrode 10 from being bent due to the gravity in the
vertical direction, and to stably generate the corona dis-
charge. However, the present invention is not limited to
this case, and the second connection electrode 120-2
may be omitted and a cantilever beam structure may also
be adopted, depending on the rigidity or length of the
inner electrode 10. In this case, the first connection elec-
trode 120-1 becomes a connection electrode that is con-
nected to the respective inner electrodes 10 of the plu-
rality of trapping parts 110 and is arranged on a further
downstream side than the plurality of trapping parts 110.
[0095] In the present example, the first connection
electrode 120-1 is arranged on a further downstream side
than the plurality of trapping parts 110-1, 110-2, 110-3
and 110-4 (collectively referred to as the trapping parts
110). The second connection electrode 120-2 is arranged
on a further upstream side than the plurality of trapping
parts 110. The precipitator 1 comprises at least four ac-
commodation parts 130-1, 130-2, 130-3 and 130-4. The
accommodation parts 130-1 and 130-2 are configured to
function as a pair of accommodation parts. The accom-
modation part 130-1 is configured to accommodate one
end portion of the connection electrode 120-1 passing
through a through-hole 104-1 and to support the one end
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portion of the connection electrode 120-1. Similarly, the
accommodation part 130-2 is configured to accommo-
date the other end portion of the connection electrode
120-1 passing through a through-hole 104-2 and to sup-
port the other end portion of the connection electrode
120-1. The through-hole 104-1 and the through-hole
104-2 are similar to the above-described through-holes
104a and 104b. In addition, the accommodation part
130-1 has a support part 132-1 and an accommodation
chamber 133-1, and the accommodation part 130-2 has
a support part 132-2 and an accommodation chamber
133-2. The configurations of the support parts 132-1 and
132-2 and the accommodation chambers 133-1 and
133-2 are similar to the configurations of the support parts
132a and 132b and the accommodation chambers 133a
and 133b shown in Fig. 2.

[0096] The accommodation part 130-3 is configured to
accommodate one end portion of the connection elec-
trode 120-2 passing through a through-hole 104-3 and
to supportthe one end portion of the connection electrode
120-2. Similarly, the accommodation part 130-4 is con-
figured to accommodate the other end portion of the con-
nection electrode 120-2 passing through a through-hole
104-4 and to support the other end portion of the con-
nection electrode 120-2. The through-hole 104-3 and the
through-hole 104-4 are similar to the above-described
through-holes 104a and 104b. The accommodation part
130-3 has a support part 132-3 and an accommodation
chamber 133-3, and the accommodation part 130-4 has
a support part 132-4 and an accommodation chamber
133-4. The configurations of the support parts 132-3 and
132-4 and the accommodation chambers 133-3 and
133-4 are similar to the configurations of the support parts
132a and 132b and the accommodation chambers 133a
and 133b shown in Fig. 2.

[0097] While the embodiments ofthe presentinvention
have been described, the technical scope ofthe invention
is not limited to the above-described embodiments. It is
apparent to persons skilled in the art that various altera-
tions and improvements can be added to the above-de-
scribed embodiments. It is also apparent from the scope
of the claims that the embodiments added with such al-
terations or improvements can be included in the tech-
nical scope of the invention.

EXPLANATION OF REFERENCES

[0098] 1:precipitator, 2: precipitator, 4: first unit, 5: sec-
ond unit, 10: inner electrode, 12: center, 14: outer cir-
cumferential end, 20: outer electrode, 22: outer electrode
through-hole, 24: inner wall, 26: outer wall, 30: trapping
electrode, 40: internal space, 50: trapping space, 60:
combustion part, 100: gas pipe, 101: upstream-side
flange part, 102: downstream-side flange part, 103: main
body part, 104: through-hole, 110: trapping part, 112: first
trapping part group, 120: connection electrode, 121: ex-
tension portion, 122: grid part, 123: frame portion, 124:
first extension portion, 125: second extension portion,
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130: accommodation part, 132: support part, 133: ac-
commodation chamber, 140: sealing part, 142: opening,
150: air pressure maintaining part, 152: voltage applying
part, 204: through-hole, 210: trapping part, 212: second
trapping part group, 220: connection electrode, 230: ac-
commodation part

Claims
1. A precipitator comprising:

a gas pipe through which a treatment target gas
flows from an upstream side toward a down-
stream side;

a plurality of trapping parts provided for the gas
pipe and configured to trap target particles con-
tained in the treatment target gas; and
aconnection electrode connected to the plurality
of trapping parts, wherein

each of the plurality of trapping parts has:

a tubular outer electrode having an internal
space through which the treatment target
gas passes, and

an inner electrode arranged coaxially with
the outer electrode in the internal space,
the plurality of trapping parts is arranged in
parallel in a cross section of the gas pipe,
and

the connection electrode is connected to the
respective inner electrodes of the plurality
of trapping parts and is also arranged on a
further downstream side than the plurality
of trapping parts.

2. The precipitator according to Claim 1, wherein

the connection electrode has a grid part where
an electrode is provided in a grid pattern, and
the grid part is connected to the respective inner
electrodes.

3. The precipitator according to Claim 2, wherein
a diameter of the electrode provided for the connec-
tion electrode in the grid pattern is greater than a
diameter of the inner electrode.

4. The precipitator according to any one of Claims 1 to
3, further comprising a sealing part configured to seal
a space between the trapping parts in the plurality
of trapping parts.

5. The precipitator according to Claim 4, wherein
the sealing part is provided at end portions on the

upstream side of the plurality of trapping parts.

6. The precipitator according to any one of Claims 1 to
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5, wherein

a distance between the connection electrode and a
wall of the gas pipe is greater than an inner diameter
of the outer electrode.

The precipitator according to any one of Claims 1 to
6, wherein

the at least one outer electrode has a length in an
axis direction different from the other outer elec-
trodes.

The precipitator according to Claim 7, wherein
among the plurality of outer electrodes, the outer
electrode arranged in a centermost position on a
cross section of the gas pipe is longer than the other
outer electrodes.

The precipitator according to Claim 7 or 8, wherein
therespective outer electrodes are the same interms
of positions of end portions on an upstream side.

The precipitator according to any one of Claims 1 to
9, wherein

a wall of the gas pipe is provided with a through-
hole through which the connection electrode
passes,

further comprising an accommodation part ar-
ranged outside the gas pipe and configured to
accommodate an end portion of the connection
electrode passing through the through-hole and
to supportthe end portion ofthe connection elec-
trode, and

the through-hole is arranged on a further down-
stream side than the plurality of trapping parts.

The precipitator according to Claim 10, further com-
prising an air pressure maintaining part configured
to maintain an air pressure in the accommodation
part to be higher than an air pressure in the gas pipe.

The precipitator according to Claim 10 or 11, wherein
a radius of the through-hole is greater than an inner
diameter of the outer electrode.

The precipitator according to any one of Claims 1 to
12, comprising:

a first trapping part group having the plurality of
trapping parts provided for the gas pipe and ar-
ranged in parallel in a cross section of the gas
pipe;

a second trapping part group provided on a fur-
ther upstream side than the first trapping part
group in the gas pipe and having the plurality of
trapping parts arranged in parallelin a cross sec-
tion of the gas pipe;

the first connection electrode arranged on a fur-
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ther downstream side than the first trapping part
group and connected to the respective inner
electrodes of the first trapping part group; and

the second connection electrode arranged be-
tween the second trapping part group and the
first trapping part group and connected to the
respective inner electrodes of the second trap-

ping part group.

Amended claims under Art. 19.1 PCT

A precipitator comprising:

a gas pipe through which a treatment target gas
flows from an upstream side toward a down-
stream side;

a plurality of trapping parts provided for the gas
pipe and configured to trap target particles con-
tained in the treatment target gas; and
aconnection electrode connected to the plurality
of trapping parts, wherein

each of the plurality of trapping parts has:

a tubular outer electrode having an internal
space through which the treatment target
gas passes, and

an inner electrode arranged coaxially with
the outer electrode in the internal space,
the plurality of trapping parts is arranged in
parallel in a cross section of the gas pipe,
and

the connection electrode is connected to the
respective inner electrodes of the plurality
of trapping parts and is also arranged on a
further downstream side than the plurality
of trapping parts.

The precipitator according to Claim 1, wherein

the connection electrode has a grid part where
an electrode is provided in a grid pattern, and
the grid part is connected to the respective inner
electrodes.

The precipitator according to Claim 2, wherein

a diameter of the electrode provided for the connec-
tion electrode in the grid pattern is greater than a
diameter of the inner electrode.

The precipitator according to any one of Claims 1 to
3, further comprising a sealing part configured to seal
a space between the trapping parts in the plurality
of trapping parts.

The precipitator according to Claim 4, wherein
the sealing part is provided at end portions on the
upstream side of the plurality of trapping parts.
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The precipitator according to any one of Claims 1 to
5, wherein

a distance between the connection electrode and a
wall of the gas pipe is greater than an inner diameter
of the outer electrode.

The precipitator according to any one of Claims 1 to
6, wherein

the at least one outer electrode has a length in an
axis direction different from the other outer elec-
trodes.

The precipitator according to Claim 7, wherein
among the plurality of outer electrodes, the outer
electrode arranged in a centermost position on a
cross section of the gas pipe is longer than the other
outer electrodes.

The precipitator according to Claim 7 or 8, wherein
therespective outer electrodes are the same interms
of positions of end portions on an upstream side.

The precipitator according to any one of Claims 1 to
9, wherein

a wall of the gas pipe is provided with a through-
hole through which the connection electrode
passes,

further comprising an accommodation part ar-
ranged outside the gas pipe and configured to
accommodate an end portion of the connection
electrode passing through the through-hole and
to supportthe end portion ofthe connection elec-
trode, and

the through-hole is arranged on a further down-
stream side than the plurality of trapping parts.

The precipitator according to Claim 10, further com-
prising an air pressure maintaining part configured
to maintain an air pressure in the accommodation
part to be higher than an air pressure in the gas pipe.

The precipitator according to Claim 10 or 11, wherein
a radius of the through-hole is greater than an inner
diameter of the outer electrode.

The precipitator according to any one of Claims 1 to
12, comprising:

a first trapping part group having the plurality of
trapping parts provided for the gas pipe and ar-
ranged in parallel in a cross section of the gas
pipe;

a second trapping part group provided on a fur-
ther upstream side than the first trapping part
group in the gas pipe and having the plurality of
trapping parts arranged in parallelin a cross sec-
tion of the gas pipe;
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14.

15.

16.

24

the first connection electrode arranged on a fur-
ther downstream side than the first trapping part
group and connected to the respective inner
electrodes of the first trapping part group; and

the second connection electrode arranged be-
tween the second trapping part group and the
first trapping part group and connected to the
respective inner electrodes of the second trap-

ping part group.

The precipitator according to any one of Claims 1 to
13, wherein

each of the plurality of trapping parts further has a
tubular trapping electrode arranged to surround an
outside of each of the outer electrodes.

The precipitator according to Claim 14, further com-
prising a sealing part configured to seal a space be-
tween the trapping parts in the plurality of trapping
parts, wherein

the plurality of outer electrodes and the plurality of
trapping electrodes are fixed to the sealing part.

The precipitator according to any one of Claims 1 to
13, further comprising a trapping electrode arranged
to collectively surround the plurality of outer elec-
trodes arranged in parallel.
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