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(57) Abrege/Abstract:
There Is provided an ozone generating apparatus that requires no use of cooling water, I1s small in size and easy In maintenance.

'he o0zone generating apparatus includes a ground electrode 1 formed of a substantially cylindrical metal tube, and a high voltage
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(57) Abrege(suite)/Abstract(continued):

electrode 5 having a substantially cylindrical dielectric body substantially concentrically arranged inside the ground electrode, and
having a high voltage applied to an electrically conductive layer 6 formed on an inner peripheral surface thereof, in which an oxygen-
containing gas Is supplied into an electric discharge gap formed between the ground electrode and the high voltage electrode to
generate ozone, whereln the ground electrode Is formed Integrally with plural air cooling fins 2 extending In a longitudinal direction
at an outer peripheral side thereof.
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ABSTRACT

There 1s provided an ozone generating apparatus that
requires no use of cooling water, is small in size and easy
1n maintenance. The ozone generating apparatus includes a
ground electrode 1 formed of a substantially cylindrical metal
tube, and a high voltage electrode 5 having a substantially
cylindrical dielectric body substantially concentrically
arranged inside the ground electrode, and having a high voltage
applied toanelectrically conductive layer 6 formed on an inner
peripheral surface thereof, in which an oxXygen-contalning gas
1s supplied into an electric discharge gap formed between the
ground electrode and the high voltage electrode to generate
ozone, whereln the ground electrode is formed integrally with

plural air cooling fins 2 extending in a longitudinal direction

at an outer peripheral side thereof.



CA 02763643 2011-11-25

Description

L

GENERATING APPARATUS

Title of the Invention: 0OZON]

Technical Field

10001 ]

The present 1nvention relates to an ozone generating

apparatus that generates an ozonized gas due to electric

discharge.

Background Art
[0002]
An ozone generating apparatus includes a ground

electrode formed of a metal tube, an electrode having an

'-I
—

ace of

electrically conductive layer formed on an inner sur:

a cylindrical glass tube (dielectric body), and a high voltage

electrode disposed on an 1lnner diameter portion of the glass

tube. An oxygen-containing gas 1s supplied to a gap between

an inner side of the metal tube and an outer side of the glass
tube. A high voltage 1s applied to the ground electrode and

the high voltage electrode to generate an ozonized gas due to

electric discharge (refer to Patent Document 1).

Prior Art Document

Patent Document
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(0003 ]

Patent Document 1: JP-A-8-245203

Surmmary of the Invention

[0004]

In such an ozone generating apparatus, when ozone 1s

generated due to electric discharge, the ground electrode, the
high voltage electrode, and 1its neighborhood are heated,

thereby rising in temperature. Because the temperature rise

deteriorates the efficiency of the ozone generation, a

structure is applied in which a cooling water passes along an

outer peripheral portion of the ground electrode to cool an

electric discharge portion.

However, the structure requiring the cooling water makes

0

1t difficult to downsize the ozone generating apparatus. When

ozone 1s generated, the cococling water needs to be ensured. In

addition, there arises such a problem that water 1s leaked due

to corrosion of a cooling system in a long run.

[0005]

The present invention has been made to address the above

problems, and aims at providing an ozone generating apparatus

that requires no use of cooling water, 1s small 1n size and

easy 1n maintenance.
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100006}

any

According to an aspect of the present 1nvention, there

1s provided an ozone generatling apparatus including a ground

F

electrode formed of a substantially cylindrical metal tube,

and a high wvoltage electrode having a substantially
cylindrical dielectric body substantially concentrically
arranged 1nside the ground electrode, and having a high
voltage applied to an electrically conductive layer formed

-

on an 1nner peripheral surface thereof, in which an oxygen-

containing gas 1s supplied 1nto an electric discharge gap

formed between the ground electrode and the high voltage

electrode to generate ozone, wherein the ground electrode 1is

formed integrally with plural air cooling fins extending 1n

P

a longitudinal direction at an outer peripheral side thereof.

According to another aspect of the present 1invention,
there 1s provided an o©ozone generating apparatus, the

apparatus comprising:

a ground electrode formed  of a substantially
cylindrical metal tube, and
a high voltage electrode having a substantially

cylindrical dielectric body substantially concentrically

arranged inside the ground electrode, and configured to apply

a high voltage to an electrically conductive layer formed on

an inner peripheral surface of the high voltage electrode,

in which an oxygen-containing gas 1s supplied from a raw gas

i =

inlet 1into an electric discharge gap formed between the

ground electrode and the high voltage electrode to generate

ozone,

wherein the ground electrode is formed integrally with
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plural air cooling fins extending in a longitudinal direction

at an outer peripheral side thereof,

wherein the high voltage electrode 1integrates the
dielectric body with a high voltage electrode member
connected to the electrically conductive laver,

wherein the high voltage electrode member is held 1nto

the ground electrode to configure a discharge tube unit

together with the ground electrode,

wherein a plurality of the discharge tube units are

provided,

-

wherein the plurality of discharge tube units are

separately housed and fixed in respective housings forming

ventilating paths connected to an inlet to provide cooling

-

alr to the plural air cooling fins, the cross sections of

the housings being a rectangular shape,

wherein the ventilating paths for the plurality of

pr—

discharge tube units are 1ndependent of each other, and the

cooling air flows therethrough separately to the respective

discharge tube units, and

wherein the cooling ailr 1s provided from a source

different from the oxygen-containing gas.

[0007]

According to the present invention, since the ground

electrode 1is formed 1integrally with the air cooling fins,

there can be obtained a cooling ozone generating apparatus

that requires no use of cooling water, 1s small in size,

easy 1n processing and low 1n costs.

P

Brief Description of the Drawings

3a
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(0008]

(FIG. 1] FIG. 1 1s a cross-sectional configuration view

1llustrating an ozone generating apparatus according toa first

embodiment of the present 1nvention.

F

[FIG. 2] FIG. 2 1s a cross-sectional view of a ground

electrode taken along a line A-A 1n FIG. 1.

[FIG. 3] FIG. 3 1s a three-sided view illustrating an

ozone generating apparatus according to a second embodiment

of the present 1nvention.

[FIG. 4] FIG. 4 1s a three-sided view 1llustrating an
ozone generating apparatus according to a third embodiment of

the present invention.

[FIG. 5] FIG. 51sacharacteristicdiagramillustrating

an example of a performance of the ozone generating apparatus

according to the third embodiment.

| FIG. 6] FIG. 61sacharacteristicdiagramillustrating

an example of the performance of the ozone generating apparatus

according to the third embodiment.

(FIG. 7] FIG. 7 1isacharacteristicdiagramillustrating

an example of the performance of the ozone generating apparatus

according to the third embodiment.

Best Modes for Carrying out the Invention

10009

Embodiments of the present invention will be described
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in detail with reference to the drawing.

First Embodiment

[0010]

FIG. 1 1s a «cross-sectional configquration view

11lustrating an ozone generating apparatus according toa first

F

embodiment of the present invention, and FIG. 2 1s a

cross—-sectional view of a ground electrode taken along a line

A-A 1n FIG. 1.

Referring to FIGS. 1 and 2, reference numeral 1 denotes

a ground electrode formed of a substantially cylindrical metal

tube having plural air cooling fins 2 extending radially in

F
—

a longitudinal direction of an outer peripheral side thereof

(refer to F'IG. 2). The ailr cooling fins 2 are formed integrally

with the ground electrode 1 by aluminum extrusion. One end

of the ground electrode 1 is provided with a raw gas inlet hole
3, and the other end thereof is provided with an ozonized gas
outlet hole 4. The ground electrode 1 is structured so that

F

an 1inner surface thereof is subjected to oxide coating to

protect an underlying metal.

Reference numeral 5 denotes a high voltage electrode that

1s substantially concentrically disposed inside the ground

electrode 1, and configured by a substantially cylindrical

dielectric body (glass tube). An electrically conductive

-

layer 6 of metal plating to which a high voltage is applied

P
p—

1s formed on an inner peripheral surface thereof.
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(0011}

Reference numeral 7 denotes an insulating member made

P

- Teflon (registered trademark) that 1is fixed to one end of

| —

O

the high voltage electrode 5. A high voltage electrode member
8 that penetrates through a center portion of the insulating
member 7 and applies a high voltage to the electrically
conductive layer 6 is supported by the iInsulating member /.

The insulating member 7 is held to the ground electrode 1

through a movable sealing portion 9 disposed on one end of the
ground electrode 1 at the raw gas inlet hole 3 side. Themovable
sealing portion 9 contracts when the insulating member 7 1s
inserted or detached. After the insulating member 7 has been
inserted or detached, the movable sealing portion 9 seals a

gap between the insulating member 7 and the ground electrode

1 due to an elastic rebound operation. Reference numeral 10

denotes an insulating sealing member made of Teflon (registered

trademark) that seals another end of the ground electrode 1

at the ozonized gas outlet hole 4 side. Reference numeral 11

denotes a gas flow path that is formed between the ground
electrode 1 and the high voltage electrode 5, to which a dry

air or a concentrated oxygen gas equal to or lower than a dew

point of 40°C is supplied from the raw gas inlet hole 3 disposed

1n the ground electrode 1.
(0012 ]

Reference numeral 12 denotes a power supply, 13 1s an
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inverter, and 14 1s a high voltage transformer that develops

a high voltage, which configure a power supply device that

applies the high voltage to the high voltage electrode member

3 . After a voltage across the power supply 12 has been

converted into a given AC frequency by the 1nverter 13, the
voltage 1is boosted to the high voltage by the high voltage
transformer 14, and then applied to the high voltage electrode

member 8.

Reference numeral 15 denotes a visualization fuse that

1s connected between the high voltage transformer 14 and the

high voltage electrode member 8, which is a low-melting-point

fuse with a melting point of 217°C, covered with a transparent

Teflon (registered trademark) tube. The material of the fuse

151is an alloy containing Su, Ag, and Cu, and a fuse diameter

1s 100 pm.
[0013]

In the ozone generating apparatus configured as

described above, in a state where a cooling air flows along

the air cooling fins 2 of the ground electrode 1, the

concentrated oxygen gas having the drew point of 40°C or lower,

which is introduced from the raw gas inlet hole 3, 1s supplied,
and an ozonized gas is generated due to electric discharge

between the ground electrode 1 and the high voltage electrode

5, and then discharged from the ozonized gas ocutlet hole 4 to

a use location.
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The inner surface of the ground electrode 1 1s oxidized

by continuing electric discharge for generating ozone to form

a coating for protecting the underlyingmetal. Alternatively,

the inner surface of the ground electrode may be subjected to

oxidation coating in advance to form a protective coating.

[0014]

As described above, according to the first embodiment,

in the ozone generating apparatus including the ground
electrode formed of the substantially cylindrical metal tube,
and the high voltage electrode 5 having the substantially
cylindrical dielectric body substantially concentrically

arranged inside the ground electrode 1, and having the high

voltage applied to the electrically conductive layer formed

on the inner peripheral surface thereof, 1in which the
oxygen-containing gas is supplied into the electric discharge

gap formed between the ground electrode 1 and the high voltage

electrode 5 to generate ozone, the ground electrode 1 1s formed
integrally with the plural air cooling fins 2 extending 1n the
longitudinal direction at the outer peripheral side thereof.

Therefore, there can be obtained the ozone generating apparatus

requiring no use of cooling water, small in the size, easy 1n

processing, and low 1n costs.

[0015]

Also, since the air cooling fins 2 are made of aluminum,

and formed through extrusion, the air cooling fins 2 can be
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manufactured with high efficiency.

Further, since the ground electrode 1 has the inner

surface of the underlyingmetal protected by oxidation coating,

the durability can be ensured.

Further, the high voltage electrode 5 is configured by
integrating the dielectric bodywith the high voltage electrode
member 8, which 1s supported to the dielectric body through

the insulating member 7 and applies the high voltage to the

electrically conductive layer 6, and detachably held to the
ground electrode 1. Therefore, attachment, detachment or
exchange of the high voltage electrode 5 with respect to an
apparatus main body can be performed with one-touch operation.

Further, since the high voltage electrode 5 is applied

with the high voltage through the visualization fuse 15, the

apparatus can pbe safely protected, and occurrence of a failure
can be easily found out.

Second Embodiment

[0016]

FIG. 3 1s a three-sided view illustrating an ozone

generatling apparatus according to a second embodiment of the

present 1nvention.

In the second embodiment, plural (five in the drawing)
discharge tube units 20 each including the ground electrode

1 and the high voltage electrode 5 held integrally with the

ground electrode 1 through the insulating member 7 in the ozone
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generating apparatus according to the first embodiment are

assembled integrally into a discharge tube assembly 30 to

configure a cooling ozone generating apparatus as a whole.

In the discharge tube assembly 30, each of the discharge

tube units 20 is housed and fixed i1n a housing 31 forming a
ventilating path, separately, and installed on a common base

32 in which raw gas inlets 33 are formed, and a common base

34 in which ozonized gas outlets 35 are formed, 1n parallel.

Also, although not shown, each of the discharge tube

units 20 is applied with a high voltage from a power supply

device including an inverter and a high voltage transformer,

which are commonly provided, or a power supply device 1including

an inverter and a high voltage transformer, which are provided

e

for each of the discharge tube units 20.

10017]

)

According to the second embodiment, wilith provision of

the discharge tube assembly 30 into which the discharge tube

units 20 of the number required according to an ozone generation

capacity are assembled 1integrally, the cooling ozone

generating apparatus according to the ozone generation

capacility can be easily configured.
Third Embodiment

(0018 ]

FIG. 4 1s a three-sided view 1illustrating an ozone

e

generating apparatus according to a third embodiment of the

10
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present invention. Referring to FIG. 4, parts of a housing

are deleted in a front view and a side view.

In the third embodiment, plural sets of the discharge

tube assemblies 30 (two sets in the drawing) 1n the ozone

generating apparatus according to the second embodiment are

used to configure the cocling ozone generatling apparatus as

a whole.

Fach of the discharge tube assemblies 30 1is fixedly

disposed perpendicularly along each of opposed inner sidewalls

of a common housing 40, and a power supply device 50 having
an inverter and a high voltage transformer is disposed 1in the
center of the housing 40. A cooling air 70 1s fed to the

respective discharge tube assemblies 30 by a fan 60 located

on a lower portion of the housing 40 to cool the discharge tube
units 20.

The cooling air 70 1s divided 1nto the discharge tube
units 20 of the respective discharge tube assemblies 30 from

H

the lower portion of the housing 40, and discharged to the

F

external from an upper portion of the housing 40.

.[0019]

In the ozone generating apparatus configured as

—

described above, an oxygen concentrated gas of a dew point 40°C

or lower, which 1s introduced from the raw gas 1inlets 33, 1s

—

supplied to the discharge tube units 20 of the respective

discharge tube assemblies 30. The ozonized gas 1s generated

11
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by electric discharge between the ground electrode 1 and the
high voltage electrode 5, and then discharged from the ozonized

gas outlets 35 to the use location.

In the ozone generating apparatus, an electric discharge

power for generating ozone of 100 g/h is about 0.9 kW, air of

about 5 m’/min is fed from the fan 60, and the discharge tube

unlits 20 are cooled to a temperature difference of about 10°C

from the ambient environment.
[0020]
Relationships between an ozone yield thus obtained,

electric characteristics, and atmospheric temperature

dependency are shown in FIGS. 5 to 7.

FIG. 5 1s a diagram illustrating a relationship between

a current and an ozone concentration in gas flow rates 20 L/min,
14 L/min, and 9 L/min. As the current is larger or as the gas
flow rate 1s smaller, the ozone concentration becomes higher,

and the maximum concentration 1s 190 g/Nm3.

FIG. 6 1s a diagram illustrating a relationship between

the electric discharge power and the ozone vyield in the gas

flow rates 20 L/min, 14 L/min, and 9 L/min.

As the electric discharge power 1is larger or as the gas

flow rate 1s larger, the ozone yield increases, and the maximum

value thereof is 140 g/h.

FIG. / 1s a diagram 1llustrating the atmospheric

temperature dependency of the ozone generation performance.

12
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FIG. 7 shows a tendency that the ozone generation performance
becomes lower as the atmospheric temperature 1s higher, and

indicates that a designed value 1s cleared even under a high

temperature of 40°C to withstand the normal use.

[0021]

The above respective characteristics are obtained in a

case where the high voltage 1s applied to the five discharge

tube units 20 configuring each discharge tube assembly 30 by
the common power supply device. Even when the power supply
device is provided for each of the discharge tube units 20,
individually, the ozone generation concentration and the ozone
yield per one discharge tube unit are substantially i1dentical

with those in the former case.

10022 ]

F
-

According to the third embodiment, the plural sets of

the discharge tube assemblies 30 in which the plural discharge
tube units 20 are assembled integrally are used, and housed

in the common housing 40 together with the power supply device

50 1ncluding the inverter and the high voltage transformer,

and the cooling air 1s supplied from the external. As a result,

the cooling ozone generating apparatus corresponding to the

ozone generation capacity can pbe configured with a small size.

- |

Industrial Applicability

10023]

13
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The ozone generating apparatus according to the present

invention can be effectively used as means

for generating the

ozonized gas in a water treatment installation.

Description of Symbols

(0024 ]

1:

2

10:

11:

12

13:

14 :

15:

20:

30

31:

32

ground electrode

alr cooling fin

raw gas 1nlet hole

ozonlzed gas outlet hole

high voltage electrode

electrically conductive layer

insulating member

high voltage electrode member

movable sealing portion
insulating sealing member
gas flow path

power supply

inverter

high voltage transformer

visualization fuse
discharge tube unit
discharge tube assembly
hous1ing

base

14
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33: raw gas 1nlet

34: base

35: ozonized gas outlet
40: housing

50: power supply device
00: fan

70: coollng air

15



CA 02763643 2015-12-15

The embodiments of the i1nvention in which an exclusive

property or privilege is claimed are defined as follows:

1. An ozone generating apparatus, the apparatus

comprising:

-

a ground electrode formed of a substantially

cylindrical metal tube, and

a high voltage electrode having a substantially

cylindrical dielectric body substantially concentrically

arranged inside the ground electrode, and configured to

apply a high voltage to an electrically conductive layer

formed on an 1inner peripheral surface of the high voltage

electrode, 1n which an oxygen-containing gas 1s supplied

from a raw gas 1inlet 1nto an electric discharge gap formed

petween the ground electrode and the high voltage electrode

Lo generate ozone,

wherein the ground electrode 1s formed integrally with

| -

plural air cooling fins extending in a longitudinal

-

direction at an outer peripheral side thereof,

wherein the high voltage electrode integrates the
dlelectric body with a high voltage electrode member
connected to the electrically conductive layer,

wherein the high voltage electrode member 1s held into

the ground electrode to configure a discharge tube unit

together with the ground electrode,

wherein a plurality of the discharge tube units are

provided,

16
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ﬁ

wherein the plurality of discharge tube units are

separately housed and fixed in respective housings forming

ventilating paths connected to an inlet to provide cooling

F
—

air to the plural air cooling fins, the cross sections of

the housings being a rectangular shape,

—

wherein the ventilating paths for the plurality of

-

discharge tube units are 1ndependent of each other, and the

cooling air flows therethrough separately to the respective

discharge tube units, and

wherein the cooling air i1s provided from a source

1)

different from the oxygen-containing gas.

2 . The ozone generating apparatus according to claim 1,

wherein the air cooling fins are made of aluminum, and

formed through extrusion.

3. The ozone generating apparatus according to claim 1,

—

wherein the ground electrode has an 1nner surface of an

underlying metal protected by oxidation coating.

4 . The ozone generating apparatus according to claim 1,

wherein the high voltage electrode member 1s supported to
the dielectric body through an insulating sealling member,
and wherein the high voltage electrode element 1s

detachably held to the ground electrode.

17
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5. The ozone generating apparatus according to claim 4,

wherelin a visualization fuse 1s provided 1n the electrical

path between the high voltage electrode member and a power

supply device.

6 . The ozone generating apparatus according to claim 1,

wherein the discharge tube units are integrally

assembled 1nto a discharge tube assembly 1n a common

housing forming a common ventilating path,

wherein a power supply device including an inverterx

and a high voltage transformer,

which are for applying the

high voltage to the discharge tube units are housed in the

common housing, and

wherein the cooling air 1s supplied to the respective

discharge tube units from external of the common housing.

7. The ozone generating apparatus according to claim 1,

further comprising a power supply device for providing

the high voltage and for applying the high voltage to the

gp—

plurality of discharge tube units, and

wherein the power supply device includes an inverter

and a high voltage transformer,

which are provided commonly

tfor the plurality of discharge tube units.

8 . The ozone generating apparatus according to claim 1,

18

further comprising a power supply device for providing the
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I

high voltage and for applying the high voltage to each of
the plurality of discharge tube units,

wherelin the power supply device includes an inverter

and a high voltage transformer, which are provided for each

F

of the plurality of discharge tube units.

19
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