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DESCRIPTION

Title of the Invention: DUST COLLECTION DEVICE

Technical Field

[0001] The present invention relates to a dust collection

device to eliminate dust in a gaseous body such as air.

Background Art

[0002] Conventionally, as a dust collection device of this

kind,forexample,atechnologyisdescribedinPatentLiterature

1.

This dust collection device is a technology in which,

after dust is electrically charged by discharge in an ionization

unit in a preceding stage, an electric field is formed by

alternately applying different voltages to laminated electrode

plates in a dust collection unit in a subsequent stage, and

thedustelectricallychargedintheionizationunitiscollected

by this dust collection unit.

However, in this dust collection device, an ionization

unit that has a complicated structure and easily malfunctions

must be provided in a preceding stage of the dust collection

unit, so that the dust collection device lacks operation

reliability.

[0003] Therefore, like the technology described in Patent

Literature2,adustcollectiondevicewithreliabilityenhanced
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by omitting the ionization unit has been proposed.

This dust collection device has a configuration in which

a dust collection unit is constructed by alternately laminating

a complete insulation type earth electrode formed by coating

an entire earth electrode made of a sheet-shaped conductor by

a sheet-shaped insulating layer and a voltage application

electrode made of a sheet-shaped conductor while sandwiching

an insulative corrugated sheet, and a silicone polymer film

is provided on the entire dust collection unit.

Accordingly, by flowing air containing dust into a space

between the complete insulation type earth electrode and the

voltage application electrode, dust in the air can be attracted

by either of the electrodes.

Citation List

Patent Literature

[0004]

Patent Literature 1: International Publication No.

2001/064349

Patent Literature 2: Japanese Application Laid-Open No.

2010-063964

Summary of the Invention

Technical Problems

[0005] However, the above-described conventional
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technologies have the following problems.

The conventional dust collection device is structured

so that air containing dust is flowed into a space between a

complete insulation type earth electrode and a voltage

applicationelectrodeandattractedbyeitheroftheelectrodes.

That is, the conventional dust collection device is structured

to collect dust by suctioning it from a thickness direction

of the dust collection device, so that it is difficult to install

the dust collection device in accordance with a window, etc.,

in a room. Therefore, the dust collection device has to be

installed inside an enclosed space, and it cleans only the air

in the space. In addition, the same air in the enclosed space

is repeatedly circulated inside the dust collection device,

so that oxygen inside the space may decrease over time.

[0006] The present invention was made to solve the

above-described problems, and an object thereof is to provide

a dust collection device that can be installed in accordance

with a window, etc., in a room by being structured to suction

a gaseous body such as air from one surface of the sheet-shaped

device and exhaust it from the other surface, and as a result,

can clean not only air in a space to be cleaned but also air

outside the space while ventilating the air in the space to

be cleaned.
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Solution to the Problems

[0007] In order to solve the above-described problems, the

invention of claim 1 is a dust collection device constructed

by laminating a first insulation type electrode including a

sheet-shaped first electrode at least one surface of which is

coated by a first insulating layer and to which a first voltage

is applied, and a second insulation type electrode including

a sheet-shaped second electrode at least one surface of which

is coated by a second insulating layer and to which a second

voltagedifferentfromthefirstvoltageisapplied,alternately

via an insulating spacer, wherein a plurality of first

ventilation holes penetrating from the first insulating layer

to the first electrode and exposing a part of the first electrode

inside, are provided in the first insulation type electrode,

a plurality of second ventilation holes penetrating from the

second insulating layer to the second electrode and exposing

a part of the second electrode inside, are provided in the second

insulation type electrode, and the second ventilation holes

are disposed so that their positions deviate by a predetermined

distance from positions of the first ventilation holes in a

planar view.

With this construction, when the first voltage is applied

to the first electrode of the first insulation type electrode
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and the second voltage is applied to the second electrode of

the second insulation type electrode, a potential difference

occurs between the first electrode and the second electrode,

andthefirstelectrodeandthesecondelectrodeareelectrically

charged with polarities reverse to each other. In addition,

near the first electrode exposed inside the first ventilation

hole and near the second electrode exposed inside the second

ventilation hole, a high-density electric field is generated,

and so-called corona discharge occurs near the first electrode

exposed inside the first ventilation hole and near the second

electrode exposed inside the second ventilation hole. Therefore,

when air containing dust passes through, for example, the first

ventilation hole of the first insulation type electrode on the

front surface, the dust is electrically charged by corona

discharge occurring near the first electrode exposed inside

the first ventilation hole.

The electrically charged dust flows into the dust

collection device together with air.

At this time, the second ventilation holes of the second

insulation type electrode deviate by a predetermined distance

from the first ventilation holes, so that the air anddust flowing

into the portion between the first insulation type electrode

and the second insulation type electrode move in a lateral
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direction from the first ventilation holes toward the second

ventilation holes, and flow into the portion between the second

insulation type electrode and the first insulation type

electrode via the second ventilation holes. At this time, dust

that is not electrically charged by corona discharge near the

first electrode exposed inside the first ventilation hole is

electrically charged by corona discharge near the second

electrode exposed inside the second ventilation hole.

Thereafter, in the same manner, air containing

electrically charged dust flows while meandering inside the

device.

Thus, when air containing electrically charged dust flows

inside the dust collection device, dust electrically charged

with a polarity reverse to the charging polarity of the first

electrode is electrostatically attracted to the first electrode

side, dust electrically charged with a polarity reverse to the

charging polarity of the second electrode is electrostatically

attracted to the second electrode side, and only clean air is

flowed out of the dust collection device. Further, since air

flows while meandering inside the device as described above,

a time of flow inside the device becomes longer, and accordingly,

alargeramountofdustisreliablyelectrostaticallyattracted.

If the position of the first electrode exposed inside
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the first ventilation hole and the position of the second

electrode exposed inside the second ventilation hole is close

to each other, spark discharge may occur between the first

electrode and the second electrode before corona discharge

occurs. However, in the dust collection device according to

this invention, the first electrode exposed inside the first

ventilation hole and the second electrode exposed inside the

second ventilation hole are positioned to deviate by a

predetermined distance from each other, so that spark discharge

hardly occurs between these electrodes.

The dust collection device described above can be

constructed by laminating a first insulation type electrode

including a sheet-shaped first electrode and a first insulating

layer coating the first electrode and a second insulation type

electrodeincludingasheet-shapedsecondelectrodeandasecond

insulating layer coating the second electrode alternately via

a thin spacer, so that the dust collection device can be entirely

formed into a sheet shape that is lightweight and thin, and

does not require a large space. As a result, maintenance of

the device, such as washing out contamination on the device,

can be easily performed.

Further, as described above, the dust collection device

is structured to collect dust by suctioning air containing the
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dust in a surface direction of the dust collection device, so

that the device can be installed in accordance with a window,

etc., in a room.

For example, it is possible that two dust collection

devices are fitted in accordance with a window frames provided

in a room as an enclosed space, and after outside air is flowed

into the room space via one dust collection device, the air

can be flowed out of the room space from the other dust collection

device to the outside. That is, outside air is cleaned and guided

into a room space by one dust collection device, and inside

air is cleaned and exhausted to the outside by the other dust

collection device, so that the dust collection device can clean

air in the room while ventilating it. Cleaned air is exhausted

to the outside, so that air outside the room space can also

be cleaned. In addition, since fresh air is supplied into the

room space, oxygen inside the room can be prevented from

decreasing.

This dust collection device does not need an ionization

unit that has a complicated structure and easily malfunctions,

so that the device has high operation reliability.

[0008] Theinventionofclaim2isthedustcollectiondevice

according to claim 1, constructed so that the first electrode

inside the first ventilation hole is exposed in a donut shape
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as viewed from the first insulating layer side, and the second

electrode inside the second ventilation hole is exposed in a

donut shape as viewed from the second insulating layer side.

With this construction, by the donut-shaped exposed

portion, a contact area between air and the first and second

electrodes is enlarged, so that the capacity for electrically

charging dust of the first electrode exposed inside the first

ventilation hole and the second electrode exposed inside the

second ventilation hole is improved.

[0009] Theinventionofclaim3isthedustcollectiondevice

according to claim 1, constructed so that the first electrode

inside the first ventilation hole is formed into a brush-shaped

electrode made of conductive fibers directed toward a center

side from an inner circumference of the first ventilation hole,

and the second electrode inside the second ventilation hole

isformedintoabrush-shapedelectrodemadeofconductivefibers

directed toward a center side from an inner circumference of

the second ventilation hole.

With this construction, by the exposure in the brush shape,

a contact area between air and the first and second electrodes

is enlarged. In addition, the holes of the first and second

electrodes through which air passes become small, so that dust

with a large diameter cannot pass through the first and second
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ventilation holes.

[0010] Theinventionofclaim4isthedustcollectiondevice

according to claim 1, constructed so that a plurality of small

holes communicating with the holes of the first insulating layer

are formed in the first electrode inside the first ventilation

hole, and a plurality of small holes communicating with the

holes of the second insulating layer are formed in the second

electrode inside the second ventilation hole.

With this construction, dust with a large diameter is

blocked by the small holes of the first and second ventilation

holes.

[0011] Theinventionofclaim5isthedustcollectiondevice

according to any of claims 1 to 4, constructed so that both

surfaces of the first electrode of the first insulation type

electrode are coated by the first insulating layers, both

surfaces of the second electrode of the second insulation type

electrode are coated by the second insulating layers, the first

ventilation holes penetrate across the first insulating layers

and the first electrode in a state that a part of the first

electrode is exposed inside, and the second ventilation holes

penetrate across the second insulating layers and the second

electrode in a state that a part of the second electrode is

exposed inside.
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[0012] Theinventionofclaim6isthedustcollectiondevice

according to any of claims 1 to 5, constructed so that the first

voltage with a positive potential or a negative potential is

applied to the first electrode, and the second voltage with

zero potential is applied to the second electrode.

[0013] Theinventionofclaim7isthedustcollectiondevice

according to any of claims 1 to 6, constructed so that each

of the second ventilation holes is disposed so as tobe positioned

at substantially the center between two first ventilation holes

adjacent to each other provided in the first insulation type

electrode in a planar view.

Effects of the Invention

[0014] As described in detail hereinbefore, since the dust

collection device of the present invention is structured to

collect dust by suctioning air containing the dust in a surface

direction of the dust collection device, so that an excellent

effect of installing the dust collection device in accordance

with a window, etc., in a room is obtained. As a result, by

fitting a plurality of dust collection devices to a plurality

of windows provided in a room as an enclosed space, an effect

of cleaning air in the space while ventilating it is obtained.

Since fresh air is supplied into the room space, an effect of

securing fresh oxygen in the room space and preventing a decrease
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in oxygen in the room space is obtained. In addition, unwanted

contaminants, water vapor, and odors in a room space can be

eliminated.

Further, the entire dust collection device can be formed

into a sheet shape that is lightweight and thin, and does not

require a large space, so that an effect of easily performing

maintenance such as washing is obtained.

In addition, since the first electrode exposed inside

the first ventilation hole and the second electrode exposed

inside the second ventilation hole are disposed to deviate by

a predetermined distance from each other, so that an effect

of preventing spark discharge between these electrodes is

obtained.

Since the device does not need an ionization unit that

has a complicated structure and easily malfunctions, an effect

of providing a downsized and thin dust collection device that

has high operation reliability and includes a small number of

components is obtained.

[0015] The invention of claim 2 brings about an effect of

improving dust attraction capacity of the device.

The invention of claim 3 and claim 4 brings about an effect

of not only improving the capacity of the device for electrically

charging dust but also reliably eliminating dust with a large
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diameter.

Brief Description of the Drawings

[0016]

Fig. 1 is a partially cutaway perspective view of a dust

collection device according to a first embodiment of the present

invention.

Fig. 2 is an exploded perspective view of the dust

collection device according to the first embodiment.

Fig. 3 is a sectional view of the dust collection device.

Fig.4isanexplodedperspectiveviewofafirstinsulation

type electrode.

Fig. 5 is an exploded perspective view of a second

insulation type electrode.

Fig. 6 is a sectional view describing operation and effects

of the dust collection device.

Fig. 7 is a schematic view showing a usage example of

the dust collection device.

Fig. 8 is a sectional view showing a dust collection device

according to a second embodiment of the present invention.

Figs. 9 are plan views of insulation type electrodes,

Fig. 9(a) shows a first insulation type electrode and Fig. 9(b)

shows a second insulation type electrode.

Fig. 10 is a partial enlarged view of first and second
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ventilation holes to be applied to the second embodiment.

Fig. 11 is a sectional view showing a dust collection

device according to a third embodiment of the present invention.

Figs. 12 are plan views of insulation type electrodes,

Fig. 12(a) shows a first insulation type electrode and Fig.

12(b) shows a second insulation type electrode.

Fig. 13 is a partial enlarged view of first and second

ventilation holes to be applied to the third embodiment.

Fig. 14 is a sectional view showing a dust collection

deviceaccordingtoafourthembodimentofthepresentinvention.

Figs. 15 are plan views of insulation type electrodes,

Fig. 15(a) shows a first insulation type electrode and Fig.

15(b) shows a second insulation type electrode.

Fig. 16 is a partial sectional view showing a modification

relating to the ventilation holes of the insulation type

electrode.

Fig. 17 is a partial sectional view showing another

modificationrelatingtotheventilationholesoftheinsulation

type electrode.

Figs. 18 are sectional views showing modifications

relating to the embodiments of the present invention, Fig. 18(a)

shows a modification of the first embodiment, Fig. 18(b) shows

a modification of the second embodiment, Fig. 18(c) shows a
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modification of the third embodiment, and Fig. 18(d) shows a

modification of the fourth embodiment.

Figs. 19 are partial plan views showing disposition

examples of the first and second ventilation holes, Fig. 19(a)

shows a disposition example applied to the embodiments, Fig.

19(b) shows a modification of the disposition example, and Fig.

19(c) shows another modification of the disposition example.

Description of the Embodiments

[0017] Hereinafter, best modes of the present invention

will be described with reference to the drawings.

[0018] (First Embodiment)

Fig. 1 is a partially cutaway perspective view of a dust

collection device according to a first embodiment of the present

invention. Fig. 2 is an exploded perspective view of the dust

collection device according to the first embodiment. Fig. 3

is a sectional view of the dust collection device.

[0019] As shown in Fig. 1, the dust collection device 1

is structured by laminating first insulation type electrodes

2 and a second insulation type electrode 3 alternately via

insulating spacers 4.

Specifically, in this embodiment, as shown in Fig. 2,

two first insulation type electrodes 2 and one second insulation

type electrode 3 are laminated alternately. In this case, by
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interposingaspacer4havingaquadrilateralframeshapebetween

the second insulation type electrode 3 and the upper first

insulation type electrode 2, and interposing a similar spacer

4 between the second insulation type electrode 3 and the lower

first insulation type electrode 2, a space corresponding to

a thickness of thespacer 4 is formedbetween the first insulation

type electrode 2 and the second insulation type electrode 3,

and the space between the first insulation type electrode 2

and the second insulation type electrode 3 is kept airtight.

[0020] The first insulation type electrode 2 is a

sheet-shaped electrode formed by coating both surfaces of a

sheet-shaped first electrode 21 by first insulating layers 22.

Fig. 4 is an exploded perspective view of the first

insulation type electrode 2.

As shown in Fig. 4, in the first insulation type electrode

2 of the present embodiment, the first electrode 21 is formed

on the lower first insulating layer 22, and the upper first

insulating layer 22 is laminated on the first electrode 21 so

as to coat the entire first electrode 21. The first electrode

21 is made by forming a conductive material such as a metal,

carbon, a conductive oxide or a conductive organic substance

into a foil shape or a film shape. The first insulating layer

22 is made by forming a flexible insulating material such as
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paper, nonwoven cloth, resin, or ceramic paper into a sheet

shape.

Then, a negative terminal of a direct current power supply

23 having a grounded positive terminal is connected to the first

electrode 21, and anegative voltage as a first voltageis applied

to the first electrode 21. In this embodiment, “-6 kV” is applied

as the first voltage.

[0021] AsshowninFig. 3andFig.4,in thisfirstinsulation

type electrode 2, first ventilation holes 24 are provided in

three rows so as to penetrate from one first insulating layer

22 to the other first insulating layer 22 via the first electrode

21.

Specifically, each first ventilation hole 24 consists

of a hole 22a opened in the upper first insulating layer 22,

a hole 21a opened in the first electrode 21, and a hole 22a

opened in the lower first insulating layer 22, and bore diameters

of the holes 21a and 22a are set equal to each other. Accordingly,

inside each first ventilation hole 24, a section 21b of the

firstelectrode21isexposedonaninnercircumferentialsurface

of the first ventilation hole 24.

[0022] On the other hand, the second insulation type

electrode 3 is a sheet-shaped electrode formed by coating both

surfaces of a sheet-shaped second electrode 31 by second
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insulating layers 32.

Fig. 5 is an exploded perspective view of the second

insulation type electrode 3.

As shown in Fig. 5, also in this second insulation type

electrode 3, a second electrode 31 is formed on the lower second

insulating layer 32, and the upper second insulating layer 32

is laminated on the second electrode 31 so as to coat the entire

second electrode 31. The second electrode 31 is obtained by

forming the same material as the first electrode 21 into the

same shape as the first electrode 21, and the second insulating

layer 32 is also obtained by forming the same insulating material

as the first insulating layer 22 into a sheet shape.

The second electrode 31 is grounded, and a zero voltage

as the second voltage is applied to the second electrode 31.

[0023] As shown in Fig. 3 and Fig. 5, in this second

insulation type electrode 3, second ventilation holes 34 are

provided in two rows so as to penetrate from the upper second

insulating layer 32 to the lower second insulating layer 32

via the second electrode 31.

These second ventilation holes 24 also have the same size

and the same shape as those of the first ventilation holes 24,

and each consists of a hole 32a opened in one second insulating

layer 32, a hole 31a opened in the second electrode 31, and
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a hole 32a opened in the other second insulating layer 32, and

a section 31b of the second electrode 31 is exposed on an inner

circumferential surface of the second ventilation hole 34.

The second ventilation hole 34 described above is disposed

so that its position deviates by a predetermined distance from

the position of the first ventilation hole 24 of the first

insulation type electrode 2 in a planar view. Specifically,

as shown in Fig. 3, a plurality of first ventilation holes 24

are provided adjacent to each other at a distance d1, and each

second ventilation hole 34 is provided at a distance d2 (= d1/2)

from one first ventilation hole 24. Accordingly, each of the

second ventilation holes 34 is positioned at substantially the

center between two first ventilation holes 24 adjacent to each

other.

[0024] Areas of the first insulation type electrode 2 and

the second insulation type electrode 3 described above are

properly set according to a use situation of the dust collection

device 1, and in this embodiment, a thickness of each first

insulating layer 22 (second insulating layer 32) of the first

insulation type electrode 2 (second insulation type electrode

3) is set to 20 m to 300 m, a thickness of the spacer 4, that

is, a distance between the first insulation type electrode 2

and the second insulation type electrode 3 is set between 0.3
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mm and 5 mm. A diameter of each first ventilation hole 24 (second

ventilation hole 34) is set to a value between 0.1 mm and 5

mm, and a distance between first ventilation holes 24 and 24

(second ventilation holes 34 and 34) adjacent to each other

is set to a value between 10 mm to 60 mm.

[0025] Next, operation and effects of the dust collection

device 1 of this embodiment are described.

Fig. 6 is a sectional view describing operation and effects

of the dust collection device 1.

In Fig. 6, when the direct current power supply 23 is

turned on, a potential of the first electrode 21 of the first

insulation type electrode 2 reaches -6 kV, a potential of the

second electrode 31 of the second insulation type electrode

3 reaches 0 kV, and a potential difference of 6 kV occurs between

the first electrode 21 and the second electrode 31. As a result,

negative corona discharge occurs near the section 21b of the

first electrode 21 of the first insulation type electrode 2,

and positive corona discharge occurs near the section 31b of

the second electrode 31 of the second insulation type electrode

3.

In this state, when air A containing dust s is flowed

via the plurality of first ventilation holes 24 of the front

(left in Fig. 6) first insulation type electrode 2-1, due to
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negative corona discharge, the dust s is electrically charged

with negative polarity, and the air A containing the dust s

electrically charged with negative polarity enters the space

between the first insulation type electrode 2-1 and the second

insulation type electrode 3.

Then, the dust s electrically charged with negative

polarityiselectrostaticallyattractedtoafrontsurface(left

surface in Fig. 6) of the second insulating layer 32 in the

second insulation type electrode 3 electrically charged with

positive polarity.

Thereafter, the air A passes through the plurality of

second ventilation holes 34 of the second insulation type

electrode 3, and at this time, dust s that was not electrically

charged by negative corona discharge in the first ventilation

holes 24 is electrically charged with positive polarity by

positive corona discharge in the second ventilation holes 34,

andentersthespacebetweenthesecondinsulationtypeelectrode

3 and the first insulation type electrode 2-2 together with

the air A.

Then, the dust s electrically charged with positive

polarity is electrostatically attracted to the front surface

of the first insulating layer 22 in the first insulation type

electrode 2-2 electrically charged with negative polarity. The
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dust s with negative polarity that was not electrostatically

attracted to the front surface of the second insulating layer

32 electrically charged with positive polarity but flowed into

the space between the second insulation type electrode 3 and

the first insulation type electrode 2-2 is electrostatically

attracted to the rear surface of the second insulating layer

32.

Thereafter, the air A from which dust s has been removed

flows out to the outside from the plurality of first ventilation

holes 24 of the rear first insulation type electrode 2-2.

At this time, since the second ventilation holes 34 of

the second insulation type electrode 3 deviate from the first

ventilation holes 24 by a distance d2 (refer to Fig. 3), air

containing the dust s flows into the space between the first

insulation type electrode 2-1 and the second insulation type

electrode 3, and then moves in a lateral direction from the

first ventilation holes 24 toward the second ventilation holes

34, and flows into the space between the second insulation type

electrode 3 and the first insulation type electrode 2-2 via

the second ventilation holes 34. That is, the air A flows while

meandering inside the dust collection device 1, and flows out

of the device from the plurality of first ventilation holes

24 of the rear first insulation type electrode 2-2. Therefore,
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the air A containing the dust s flows while meandering inside

the dust collection device 1, so that the time of staying inside

the dust collection device 1 lengthens, and accordingly, most

of the dust scontained in the airA isreliably electrostatically

attracted by the first insulation type electrodes 2 and the

second insulation type electrode 3.

If a position of a section 21b of the first electrode

21 exposed inside the first ventilation hole 24 and a position

of a section 31b of the second electrode 31 exposed inside the

second ventilation hole 34 are close to each other, before corona

dischargeoccurs,sparkdischargemayoccurbetweenthesections

21b and 31b. However, in the dust collection device 1 of this

embodiment, the position of the section 21b of the first

electrode 21 and the position of the section 31b of the second

electrode 31 deviate from each other by a distance d2, so that

spark discharge hardly occurs between these electrodes.

[0026] In the dust collection device 1 that has such

operation and effects, as described above, a thickness of each

first insulating layer 22 (second insulating layer 32) of the

first insulation type electrode 2 (the second insulation type

electrode 3) can be set to 20 m to 300 m, and a thickness

of the spacer 4 can be set between 0.3 mm and 5 mm, so that

the entire dust collection device 1 can be formed into one sheet
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shape that is lightweight and thin and does not require a large

space. As a result, when dust s adheres to the dust collection

device 1 and the device is contaminated, the contamination can

be washed out, and maintenance of the device can be easily

performed.

[0027] Fig. 7 is a schematic view showing a usage example

of the dust collection device 1.

The dust collection device 1 according to this embodiment

is structured to have one sheet shape, and suction air from

the front surface and exhaust the air from the rear surface,

so that the device can be installed in accordance with a window,

etc., in a room.

Specifically, as shown in Fig. 7, two dust collection

devices 1-1 and 1-2 are fitted airtight to two windows 101 and

102 in a room 100 so as not to allow entrance of air from other

than the ventilation holes 24 (refer to Fig. 1, etc.). As this

attachment, the dust collection devices 1-1 and 1-2 may be fitted

into sashes (not shown) of the windows 101 and 102, or as in

the case of a roller blind, the dust collection devices 1-1

and 1-2 may be fitted to window frames (not shown) so as to

be drawn out and rolled up.

[0028] When the dust collection devices 1-1 and 1-2 are

fitted to the windows 101 and 102 in the room 100 as described
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above, air A outside the room 100 passes through the dust

collection device 1-1 and most of dust is removed by the dust

collection device 1-1. Then, this air A flows into the room

100, and then flows out of the room 100 via the dust collection

device 1-2. At this time, the air A contains dust that could

not be removed by the dust collection device 1-1 and dust that

originally existed in the room, however, this dust is removed

by the dust collection device 1-2, and clean air A flows out

of the room 100.

Therefore, air inside the room 100 is always ventilated

by the dust collection devices 1-1 and 1-2. That is, fresh air

A is continuously supplied into the room 100, so that an oxygen

decrease in the room 100 does not occur. Air in the entire room

100 is cleaned by the dust collection device 1-2.

Further, air A cleaned by the dust collection device 1-2

flows out of the room 100, so that the air outside the room

100 is also cleaned.

[0029] (Second Embodiment)

Next, a second embodiment of the present invention is

described.

Fig. 8 is a sectional view showing a dust collection device

according to a second embodiment of the present invention. Figs.

9 are plan views of insulation type electrodes, Fig. 9(a) shows



26

a first insulation type electrode 2, and Fig. 9(b) shows a second

insulation type electrode 3. Fig. 10 is a partial enlarged view

of the first and second ventilation holes 24 and 34.

As shown in Fig. 8, in the dust collection device 1 of

this embodiment, structures of the first and second ventilation

holes 24 and 34of the first and secondinsulation type electrodes

2 and 3 are different from those of the first embodiment.

[0030] Specifically, in the first ventilation hole 24 of

each first insulation type electrode 2, a bore diameter of the

hole 22a’ of the upper first insulating layer 22 in the drawing

is set to be larger than a bore diameter of the hole 21a of

the first electrode 21 and a bore diameter of the hole 22a of

the lower first insulating layer 22 in the drawing.

Accordingly, an exposed portion 21c of the first electrode

21 becomes an upper surface, and as shown in Fig. 9(a) and Fig.

10, the first electrode 21 inside the first ventilation hole

24 is exposed in a donut shape as viewed from the upper first

insulating layer 22 side in the drawing.

[0031] In addition, in the second ventilation hole 34 of

each second insulation type electrode 3 as well, a bore diameter

of the hole 32a’ of the upper second insulating layer 32 in

the drawing is also set to be larger than a bore diameter of

the hole 31a of the second electrode 31 and a bore diameter
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of the hole 32a of the lower second insulating layer 32 in the

drawing.

Accordingly, an exposed portion 31c of the second

electrode 31 becomes an upper surface, and as shown in Fig.

9(b) and Fig. 10, the second electrode 31 inside the second

ventilation hole 34 is exposed in a donut shape as viewed from

the upper second insulating layer 32 side in the drawing.

[0032] With this construction, by the exposed portions 21c

and 31c exposed in donut shapes, the capacity for electrically

charging dust is increased, so that dust attraction capacity

is improved.

[0033] In this embodiment, the exposed portions 21c and

31c are formed on the upper surfaces of the first electrode

21 and the second electrode 31, however, as a matter of course,

it is also possible that the exposed portions 21c and 31c are

formed on lower surfaces of the first electrode 21 and the second

electrode 31 by setting the bore diameters of the holes 22a

and 32a of the lower first and second insulating layers 22 and

32 in the drawing to be larger than the bore diameters of the

holes 21a and 31a of the first and second electrodes 21 and

31 and the bore diameters of the holes 22a’ and 32a’ of the

upper first and second insulating layers 22 and 32in thedrawing.

Other constructions, operations, and effects are the same
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asthoseinthefirstembodimentdescribedabove,anddescription

thereof is omitted.

[0034] (Third Embodiment)

Next, a third embodiment of the present invention is

described.

Fig. 11 is a sectional view showing a dust collection

device according to a third embodiment of the present invention.

Figs. 12 are plan views of insulation type electrodes, Fig.

12(a) shows a first insulation type electrode 2 and Fig. 12(b)

shows a second insulation type electrode 3. Fig. 13 is a partial

enlarged view of first and second ventilation holes 24 and 34.

As shown in Fig. 11, in the dust collection device 1 of

this embodiment, structures of the first and second electrodes

21 and 31 exposed inside the first and second ventilation holes

24 and 34 of the first and second insulation type electrodes

2 and 3 are different from those in the first and second

embodiments described above.

[0035] Specifically, a part of the first electrode 21 is

exposed inside the first ventilation hole 24 of the first

insulation type electrode 2, and this exposed portion 21d is

formed of conductive fibers directed toward a center side from

an inner circumference of the first ventilation hole 24.

Accordingly, the exposed portion 21d of the first
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electrode 21 forms a brush-shaped electrode having a clearance

21a1 as a small hole as shown in Fig. 12(a) and Fig. 13.

[0036] On the other hand, a part of the second electrode

31 is also exposed in the second ventilation hole 34 of the

second insulation type electrode 3, and this exposed portion

31d is formed of conductive fibers directed toward a center

side from an inner circumference of the second ventilation hole

34.

Accordingly, the exposed portion 31d of the second

electrode 31 forms a brush-shaped electrode having a clearance

31a1 as a small hole as shown in Fig. 12(b) and Fig. 13.

[0037] With this construction, by the brush-shaped exposed

portions 21d and 31d, the capacity for electrically charging

dust can be improved. In addition, only small dust of dust

contained in air pass through the small clearances 21a1 of the

exposed portions 21d and 31d of the first and second electrodes

21 and 31, and entrance of large dust is blocked by the

brush-shaped exposed portions 21d and 31d.

Other constructions, operations, and effects are the same

as those in the first and second embodiments, and description

thereof is omitted.

[0038] (Fourth Embodiment)

Next, a fourth embodiment of the present invention is
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described.

Fig. 14 is a sectional view showing a dust collection

deviceaccordingtoafourthembodimentofthepresentinvention.

Figs. 15 are plan views of insulation type electrodes, Fig.

15(a) shows a first insulation type electrode 2 and Fig. 15(b)

shows a second insulation type electrode 3.

As shown in Fig. 14, in the dust collection device 1 of

this embodiment, structures of the first and second ventilation

holes 24 and 34of the first and secondinsulation type electrodes

2 and 3 and structures of the first and second electrodes 21

and 31 exposed inside the first and second ventilation holes

24 and 34 are different from those of the first to third

embodiments described above.

[0039] Specifically, in the first ventilation hole 24 of

each first insulation type electrode 2, by setting the bore

diameter of the hole 22a of the upper first insulating layer

22 in the drawing to be large, the first electrode 21 is exposed

inside the hole 22a. In the exposed portion 21e of the first

electrode 21, a plurality of small holes 21a2 are formed, and

a plurality of small holes 22a1 communicating with the plurality

of small holes 21a2 are formed in the lower first insulating

layer 22 in the drawing.

Accordingly, the exposed portion 21e of the first



31

electrode 21 is exposed, and as shownin Fig. 15(a), theplurality

of small holes 21a2 in the exposed portion 21e are opened inside

the large hole 22a of the first insulating layer 22.

[0040] In the second ventilation hole 34 of each second

insulation type electrode 3 as well, by setting the bore diameter

of the hole 32a of the upper second insulating layer 32 in the

drawing to be large, the second electrode 31 is exposed inside

the hole 32a. In the exposed portion 31e of the second electrode

31, a plurality of small holes 31a2 are formed, and a plurality

of small holes 32a1 communicating with the plurality of small

holes 31a2 are formed in the lower second insulating layer 32

in the drawing.

Accordingly, the exposed portion 31e of the second

electrode 31 is exposed, and as shownin Fig. 15(b), theplurality

of small holes 31a2 in the exposed portion 31e are opened inside

the large hole 32a of the second insulating layer 32.

[0041] With this construction, by the exposed portions 21e

and 31e of the first and second electrodes 21 and 31, the capacity

for electrically charging dust can be improved. Only small dust

of dust contained in air pass through the small holes 21a2 and

31a2 of the first and second electrodes 21 and 31, and entrance

of large dust is blocked by the exposed portions 21e and 31e

of the first and second electrodes 21 and 31.
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[0042] Fig. 16 is a partial sectional view showing a

modification relating to the first ventilation hole 24 (second

ventilation hole 34) of the first insulation type electrode

2 (second insulation type electrode 3), and Fig. 17 is a partial

sectional view showing another modification relating to the

first ventilation hole 24 (second ventilation hole 34) of the

first insulation type electrode 2 (second insulation type

electrode 3).

In the embodiment described above, as shown in Fig. 14,

a construction in which in the first ventilation hole 24 (second

ventilation hole 34) of the first insulation type electrode

2 (second insulation type electrode 3), the bore diameter of

the hole 22a (hole 32a) of the upper first insulating layer

22 (second insulating layer 32) in the drawing is set to be

large, and the plurality of small holes 22a1 (holes 32a1) are

formed in the lower first insulating layer 22 (second insulating

layer 32) in the drawing is illustrated, however, as shown in

Fig. 16, as a matter of course, the same operation and effects

can be obtained even in the case where holes 22a (holes 32a)

having the same shapes as the holes 22a (holes 32a) of the upper

first insulating layer 22 (second insulating layer 32) in the

drawing are also provided in the lower first insulating layer

22 (second insulating layer 32) in the drawing.
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As shown in Fig. 17, even in a case where the exposed

portion 21e1 inside the hole 22a (32a) is formed in a meshed

pattern to form a number of small holes 21a2 (31a2), the same

operation and effects can be obtained.

Other constructions, operations, and effects are the same

as those of the first to third embodiments described above,

so that description thereof is omitted.

[0043] (Modification)

Next, modifications of the first to fourth embodiments

described above will be described.

Figs. 18 are sectional views showing modifications

relating to the embodiments of the present invention, and Fig.

18(a) shows a modification of the first embodiment, Fig. 18(b)

shows a modification of the second embodiment, Fig. 18(c) shows

a modification of the third embodiment, and Fig. 18(d) shows

a modification of the fourth embodiment.

In the first to fourth embodiments described above, as

showninFig.3,Fig.8,Fig.11,andFig.14,eachfirstinsulation

type electrode 2 (second insulation type electrode 3) is formed

by coating both surfaces of the first electrode 21 (second

electrode 31) by the first insulating layers 22 (second

insulating layers 32).

However, the structure of each first insulation type
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electrode 2 (second insulation type electrode 3) is not limited

to that formed by coating both surfaces of the first electrode

21 (second electrode 31) by the first insulating layers 22

(second insulating layers 32).

That is, in the first to fourth embodiments, as shown

in Fig. 18(a) to Fig. 18(d), the first insulation type electrode

2 (second insulation type electrode 3) may be constructed by

coating only the upper surface of the first electrode 21 (second

electrode 31) in the drawing by the first insulating layer 22

(second insulating layer 32), or coating only the lower surface

of the first electrode 21 (second electrode 31) in the drawing

by the first insulating layer 22 (second insulating layer 32).

In Figs. 18, both surfaces of the first electrode 21 in the

lowermost first insulation type electrode 2 are coated by first

insulating layers 22, however, also in this lowermost first

insulation type electrode 2, one surface of the first electrode

21 may be coated by the first insulating layer 22.

Other constructions, operations, and effects are the same

as those of the first to fourth embodiments, and description

thereof is omitted.

[0044] The present invention is not limited to the

embodiments described above, and can be variously modified and

changed within the spirit and scope of the present invention.
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For example, in the above-described embodiments, as a

first voltage, a negative voltage of -6 kV is applied to the

first electrodes 21, and as a second voltage, a voltage of 0

kV is applied to the second electrode 31, however, the first

and second voltages are not limited to these. The first and

second voltages are arbitrary voltages as long as they are

different in potential from each other and cause a potential

differencebetweenthefirstelectrodeandthesecondelectrode.

[0045] In the embodiments described above, each of the

second ventilation holes 34 is disposed so as to be positioned

at substantially the center between two first ventilation holes

24 adjacent to each other provided in the first insulation type

electrode 2, however, each second ventilation hole 34 is only

required to deviate by a predetermined distance from the first

through hole 24, and the deviation amount is arbitrary.

[0046] The total number of the first and second insulation

type electrodes 2 and 3 and the total number of the first and

second ventilation holes 24 and 34 are arbitrary.

[0047] The first embodiment described above shows an

example in which, as shown in Fig. 6, the dust collection units

1 are fitted to the windows 101 and 102 in the room 100 and

used, however, as another usage example, it is also possible

that the dust collection device 1 is attached to or hung down
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from a flight vehicle so as to automatically clean air in a

desiredspacewhileflying.Byformingthedustcollectiondevice

1 so that it can be held by hand, it becomes possible for the

dust collection device to clean air in a desired space while

being carried around.

[0048] In the embodiments described above, as shown in Fig.

19(a), each of the second ventilation holes 34 of the second

insulation type electrode 3 is disposed so as to be positioned

at substantially the center between two first ventilation holes

24-1 and 24-2 adjacent to each other in a lateral direction

in the drawing of the first insulation type electrode 2 in a

planar view.

However, the term “adjacent to each other” means not only

an adjacent state in a lateral direction in the drawing. That

is, the term “adjacent to each other” also includes adjacent

to each other in a diagonal direction and a vertical direction

in the drawing. Therefore, as shown in Fig. 19(b), a case where

each of the second ventilation holes 34 is disposed so as to

be positioned at substantially the center between two first

ventilation holes 24-1 and 24-2 adjacent to each other in a

diagonal direction in the drawing is also included.

Further, as shown in Fig. 19(c), it is also possible that

the first ventilation hole group 24-1, the second ventilation
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hole group 34, and the first ventilation hole group 24-2 are

disposed concentrically, and each of the second ventilation

holes 34 is positioned at substantially the center between two

first ventilation holes 24-1 and 24-2 adjacent to each other

in a lateral direction or a vertical direction.

In the dust collection device according to the present

embodiment, as described above, by disposing each of the second

ventilation holes of the second insulation type electrode so

as to be positioned at substantially the center between two

first ventilation holes adjacent to each other of the first

insulation type electrode in a planar view, spark discharge

can be more effectively prevented. However, the present

invention is not limited only to a dust collection device

including first and second ventilation holes disposed as

described above, and a dust collection device in which second

ventilation holes are disposed so that positions of the second

ventilation holes deviate by a predetermined distance from

positions of the first ventilation holes in a planar view is

also included within the scope of the present invention.

In the embodiments described above, a direct current power

supply is illustrated as a power supply 23, however, an

alternating current power supply or a pulsed power supply can

also be used.
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Reference Signs List

[0049]

1, 1-1, 1-2 … dust collection device, 2, 2-1, 2-2 … first

insulationtypeelectrode,3…secondinsulationtypeelectrode,

4 … spacer, 21 … first electrode, 21a, 21a1 21a2, 22a, 22a’,

22a1, 31a, 31a1, 31a2, 32a, 32a’, 32a1 … hole, 21b, 31b … section,

21c, 21d, 21e, 21e1, 31c, 31d, 31e, 31e1 … exposed portion,

22 … first insulating layer, 23 … power supply, 24, 24-1, 24-2

… first ventilation hole, 31 … second electrode, 32 … second

insulating layer, 34 … second ventilation hole, 100 … room,

101, 102 … window, A … air, s … dust.
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CLAIMS

[Claim 1] A dust collection device constructed by laminating

afirstinsulationtypeelectrodeincludingasheet-shapedfirst

electrode at least one surface of which is coated by a first

insulating layer and to which a first voltage is applied, and

a second insulation type electrode including a sheet-shaped

second electrode at least one surface of which is coated by

a second insulating layer and to which a second voltage different

from the first voltage is applied, alternately via an insulating

spacer, wherein

a plurality of first ventilation holes penetrating from

the first insulating layer to the first electrode and exposing

a part of the first electrode inside, are provided in the first

insulation type electrode,

a plurality of second ventilation holes penetrating from

the second insulating layer to the second electrode and exposing

a part of the second electrode inside, are provided in the second

insulation type electrode, and

the second ventilation holes are disposed so that their

positions deviate by a predetermined distance from positions

of the first ventilation holes in a planar view.

[Claim 2] The dust collection device according to claim 1,

wherein
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the first electrode inside the first ventilation hole

is exposed in a donut shape as viewed from the first insulating

layer side, and

the second electrode inside the second ventilation hole

is exposed in a donut shape as viewed from the second insulating

layer side.

[Claim 3] The dust collection device according to claim 1,

wherein

the first electrode inside the first ventilation hole

isformedintoabrush-shapedelectrodemadeofconductivefibers

directed toward a center side from an inner circumference of

the first ventilation hole, and

the second electrode inside the second ventilation hole

isformedintoabrush-shapedelectrodemadeofconductivefibers

directed toward a center side from an inner circumference of

the second ventilation hole.

[Claim 4] The dust collection device according to claim 1,

wherein

a plurality of small holes communicating with the holes

of the first insulating layer are formed in the first electrode

inside the first ventilation hole, and

a plurality of small holes communicating with the holes

of the second insulating layer are formed in the second electrode
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inside the second ventilation hole.

[Claim 5] Thedustcollectiondeviceaccordingtoanyofclaims

1 to 4, wherein

both surfaces of the first electrode of the first

insulation type electrode are coated by the first insulating

layers,

both surfaces of the second electrode of the second

insulation type electrode are coated by the second insulating

layers,

the first ventilation holes penetrate across the first

insulating layers and the first electrode in a state that a

part of the first electrode is exposed inside, and

the second ventilation holes penetrate across the second

insulating layers and the second electrode in a state that a

part of the second electrode is exposed inside.

[Claim 6] Thedustcollectiondeviceaccordingtoanyofclaims

1 to 5, wherein

the first voltage with a positive potential or a negative

potential is applied to the first electrode, and the second

voltage with zero potential is applied to the second electrode.

[Claim 7] Thedustcollectiondeviceaccordingtoanyofclaims

1 to 6, wherein

each of the second ventilation holes is disposed so as
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to be positioned at substantially the center between two first

ventilation holes adjacent to each other provided in the first

insulation type electrode in a planar view.


