
1 ION GENERATING APPARATUS AND AIR PURIFYING APPARATUS [oom] The
present invention relates to an ion generating apparatus 5 and an air
purifying apparatus that discharge ions generated by an ion
generating section into a room together with the air suctioned by an
air blower to purify the air in the room. [Background Art] [0002]
10The air in a residential room is contaminated with dust of mites,
allergic substances such as pollens, floating fungus, virus, foul
odors and the like. Moreover, such contaminants tend to remain in a
room due to recent improvement in house airtightness, requiring
active air ventilation. In a room located in an area with 15 serious
air pollution or in a room where a person having an allergy to
pollens lives or works, however, an air purifying apparatus is used,
since ventilation by opening a window may not be possible as desired.
[0003] 20The air purifying apparatus includes: an air blower housed
in a housing having a suction port on a back surface thereof and a
discharge port at an upper part thereof; a filter that lets through
the air suctioned from the suction port by the air blower; and an ion
generating section that generates ions. The air purifying 25
apparatus is further configured to discharge the ions generated by  



2 the ion generating section from the discharge port into a room
together with the air suctioned by the air blower, so that the ions
decompose contaminants in the room and purifies the room air (see
Patent Document I, for example). 5[0004]       The ion generating
section has a positive electrode and a negative electrode that are
arranged separately from each other in a juxtaposed manner. A
potential is applied between the positive electrode and the negative
electrode so that positive ions are 10 discharged from the positive
electrode while negative ions are discharged from the negative
electrode. The discharged positive ions and negative ions are
included in the air suctioned by the air blower and discharged from
the discharge port together with the air. 15[0005] In recent years, a
technique of purifying the air in a residential room by discharging
positive (plus) and/or negative (minus) ions into the residential
room has widely been used. For example, in an air purifier, an ion
generator that generates positive 20 and negative ions is arranged in
the middle of an inside air-flowing path to discharge the generated
ions to an external space together with the air in the air-flowing
path. [0006] The ions discharged to the outside together with the air
25 inactivate floating particles in a residential room and kill
floating  3 bacteria, purifying the air in the entire residential
room. [0007] 



A general ion generator applies a high and alternating driving
voltage between a needle electrode and an opposite electrode 5 or
between a discharge electrode and a dielectric electrode, to cause
corona discharge to generate positive and negative ions. It is not
easy to recognize whether or not ions are actually generated, since
the generated ions are colorless and odorless. [0008] 10To address
the above, Patent Document 2 discloses a technique of detecting
presence/absence of generated ions. Patent Document 3 discloses a
technique of detecting the amount of generated ions and optimally
controlling the amount of generated ions. 15[0009]        In recent
years, a technique of purifying the air in a residential space by
charging water molecules in the air with positive (plus) and/or
negative (minus) ions has widely been used. For example, in an air
purifier, an ion generating apparatus that 20 generates positive and
negative ions is arranged in the middle of the inside air-flowing
path to discharge the generated ions to the outside space together
with the air. foolo]             The ions charging the water
molecules in the clean air 25 inactivate floating particles and kill
floating bacteria in a  4 residential space, purifying the air in the
entire residential space. [0011] A standard ion generating apparatus
causes corona discharge to generate positive and negative ions by
applying a high 



5 and alternating driving voltage between a needle electrode and an
opposite electrode or between a discharge electrode and an opposite
electrode. Moreover, an ion generator in which the electrodes
described above and a circuit generating a driving voltage are
integrated has been disclosed (see Patent Document 4, for example),
10 while an air purifier with a built-in ion generator has come into
practical use. [0012]        One ion generator may, however, generate
only a limited amount of ions. An attempt has been made in which a
plurality of 15 ion generators are provided so as to increase the
amount of generated ions. In such a case, placement of ion generators
in an air-flowing path, which is suitable for ion generation, causes
a number of space constraints including safety requirements. In order
to house a plurality of ion generators in such a limited space, 20
collective arrangement of ion generators is preferred. [Patent
Document 1] Japanese Unexamined Patent Application Publication No.
2002-257408 [Patent Document 21 Japanese Unexamined Patent
Application Publication No. 2007-114177 25 [Patent Document 3]
Japanese Unexamined Patent Application  5 Publication No. 2008-059795
[Patent Document 4] Japanese Unexamined Patent Application
Publication No. 2008-123917 [Disclosure of the Invention] 



5 [Problems to be Solved by the Invention] [0013]       With the
conventional air purifying apparatus, the amount of ions generated by
an ion generating section and the amount of ions in a room discharged
from the discharge port together with the 10 air are measured,
resulting that the amount of ions in the room is smaller compared to
the amount of ions generated by the ion generating section. [0014]
The present invention has been contrived in view of the 15 above
circumstances. A main object of the invention is to provide an ion
generating apparatus and an air purifying apparatus including an ion
generating section arranged at a laminar flow section where flow of
the air suctioned by an air blower becomes laminar flow so that the
air suctioned by the air blower may 20 effectively include ions
generated by the ion generating section, reducing the difference
between the amount of ions generated by the ion generating section
and the amount of ions in a room, increasing the amount of ions in
the room. [0015] 25When, however, an ion generator is operated for a
long  6 period of time, causing that a discharge electrode is worn
due to sputter evaporation associated with corona discharge, or when
foreign materials such as chemicals or dusts are accumulated and
attached to the discharge electrode, problems arise such that the 5
amount of generated ions decreases and the ion generator reaches the
end of product lifetime. Though regular maintenance and lifetime
control are required for the ion generator in order to secure
stabilized generation of ions, it is desirable for the ion generator
to be free from maintenance. 



10[0016]       The present invention has been contrived in view of
the above circumstances and has an object of providing: an ion
generating apparatus in which a plurality of ion generators are
intermittently driven to extend the operational lifetime without 15
much decrease in the amount of ions dispersed in a space where ions
are discharged; and an air purifying apparatus including the ion
generating apparatus.       When, however, a plurality of ion
generators are collectively arranged adjacent to one another, mutual
interference may occur, 20 possibly reducing ion generation
efficiency as the entire ion generator. [0017]        The present
invention has been contrived in view of the above circumstances and
has an object of providing: an ion 25 generating apparatus in which a
plurality of ion generators are  7 arranged in a biased manner to
suppress mutual interference even when the ion generators are
collectively arranged, alleviating reduction in efficiency of ion
generation; and an air purifying apparatus including the ion
generating apparatus. 5 [Means for Solving the Problems] [0018]
An ion generating apparatus according to the present invention is
characterized in that, in an air purifying apparatus including a
housing having a suction port and a discharge port, an 10 air blower
housed in the housing, a filter that lets through air suctioned from
the suction port by the air blower, and an ion generating section
that generates ions, and discharging the ions generated by the ion
generating section from the discharge port together with the air
suctioned by the air blower, the ion generating 



15 section is arranged in a laminar flow section where flow of the
air becomes laminar flow. [0019]        According to the invention,
the ions generated by the ion generating section can be included in
the air at the laminar flow 20 section formed to make the flowing air
laminar flow, allowing the air to efficiently include the ions
generated by the ion generating section, increasing the amount of
ions included in the air, and increasing the amount of ions
discharged into a room. Hence, purification of the room air can
further be enhanced. 25[0020]  8        Moreover, the ion generating
apparatus according to the present invention is preferably configured
such that the air blower has an impeller, that the ion generating
apparatus comprises a rectification body that rectifies airflow
generated by rotation of the 5 impeller, and that the ion generating
section is arranged at the rectification body.       According to the
invention, the air rectified by the rectification body and passing
through as laminar flow can efficiently include ions, further
increasing the amount of ions in discharged from the discharge port
together with the air. [0021]        Moreover, the ion generating
apparatus according to the present invention is preferably configured
such that the rectification body is a casing that houses the
impellers. 15According to the invention, the air of laminar flow
passing through a comparatively narrow path in the casing can include
ions, allowing the air to efficiently include ions generated by the
ion generating section, further increasing the amount of ions
discharged from the discharge port together with the air. 



20 [0022]        The ion generating apparatus according to the
present invention is preferably configured such that the air blower
has an impeller and a casing that houses the impeller, that the ion
generating apparatus includes an air-flowing path arranged 25 between
the casing and the discharge port to let through the air  9 toward
the discharge port, and that the ion generating section is arranged
at the air-flowing path and the casing.        According to the
invention, the air of laminar flow that passes through a
comparatively narrow path in the casing can 5 include ions, and the
air blown out to the air-flowing path from the blowing port of the
casing can further include the ions generated by the ion generating
section. This allows the air to more efficiently include the ions
generated by the ion generating section, further increasing the
amount of ions discharged from the discharge port 10 together with
the air. [0023]       The ion generating apparatus according to the
present invention is preferably configured such that the casing has a
circular-arc guide wall that guides airflow generated by rotation of
15 the impeller and a blowing port opened from a part of the
circular-arc guide wall to one direction of a tangent line of the
circular-arc guide wall, and that the ion generating section is
arranged at the circular arc guide wall. According to the invention,
the air of laminar flow passing 20 through a comparatively narrow
path in the casing at high wind speed can include ions. Hence, the
air can more efficiently include ions generated by the ion generating
section, further increasing the amount of ions discharged from the
discharge port together with the air. 25 [0024]  



10       The ion generating apparatus according to the present
invention is preferably configured such that more than one of the ion
generating sections are arranged separately from each other in a
direction intersecting with an air-flowing direction in which the 5
air passes through.       According to the invention, the number of
portions where the air of laminar flow includes ions in a
comparatively narrow path in the casing can be increased. Hence, the
ions generated by the ion generating section can more effectively be
included in the air, 10 further increasing the amount of ions
discharged from the discharge port together with the air. [0025]
The ion generating apparatus according to the present invention is
preferably configured such that more than one of the 15 ion
generating sections are arranged at positions separated from each
other in the air-flowing direction and biased relative to each other
in a direction intersecting with the air-flowing direction.
According to the invention, the number of portions where the air of
laminar flow can include ions in a comparatively narrow path 20 in
the casing can be increased with the conventional casing. Hence, the
air can more efficiently include ions generated by the ion generating
section, further increasing the amount of ions discharged from the
discharge port together with the air. [0026] 25The ion generating
apparatus according to the present  11 invention is preferably
configured such that the ion generating sections are so arranged as
not to overlap with each other in the air-flowing direction.
According to the invention, the air of laminar flow can 



5 include the ions generated by the ion generators without cancelling
each other out, allowing the air to more efficiently include ions,
further increasing the amount of ions discharged from the discharge
port together with the air. [00271 10The ion generating apparatus
according to the present invention is preferably configured to
comprise a holder that holds each of the ion generating sections,
wherein the holder curves in the air-flowing direction and has a
curved surface on which a portion corresponding to each of the ion
generating sections is opened, and 15 each of the ion generating
sections is arranged at the opening of the curved surface.
According to the invention, the curved surface of the holder can be
in contact with the circular-arc guide surface that guides the
airflow generated by rotation of the impellers in the casing, 20
allowing the plurality of ion generating sections to have the same
shape and the amount of ions generated by the ion generators to be
equal to each other. [00281             An air purifying apparatus
according to the present 25 invention is characterized by comprising
the ion generating  12 apparatus described above.       According to
the invention, the ions generated by the ion generating section can
be included in the air at the laminar flow section formed such that
the passing air becomes laminar flow. 5 Hence, the air can
efficiently include the ions generated by the ion generating section,
increasing the amount of ions included in the air, increasing the
amount of ions discharged into the room, and further enhancing
purification of the room air. [0029] 10An ion generating apparatus
according to the invention, 



comprising a driving circuit that drives a plurality of ion
generators which generate ions, is characterized in that the driving
circuit drives the ion generators periodically in different phases.
[0030] 15According to the invention, the driving circuit drives the
plurality of ion generators periodically in different phases.
This prevents each ion generator from being affected by the ions
generated by another ion generator (hereinafter referred to as
interference), while reducing the rate of energization and thus 20
extending operational lifetime. [0031]        The ion generating
apparatus according to the present invention is characterized in that
at least one of the plurality of ion generators is separated from
another ion generator. 25 [0032]  13        According to the
invention, at least one ion generator is arranged separately from
another ion generator.        By thus separating at least the
most-frequently-driven ion generator from another ion generator when
a plurality of ion 5 generators are driven in different phases, the
rate of reduction in the amount of generated ions due to the ion
generators interfering with each other is lowered. [0033] 



The ion generating apparatus according to the present 10 invention is
characterized by comprising an air-blowing fan that blows ions
generated by the plurality of ion generators to the outside. [0034]
According to the present invention, the air-blowing fan blows 15 out
the ions generated by the plurality of ion generators to the outside.
This prevents the generated ions from remaining in the vicinity of
the ion generators and prevents the amount of generated ions from
decreasing, while further suppressing the ion generators 20
interfering with each other and also efficiently leading the
generated ions to the outside. [0035]        The ion generating
apparatus according to the present invention is characterized by
comprising two of the ion generators, 25 wherein the driving circuit
alternately drives the ion generators.  14 [0036]        According to
the invention, the driving circuit alternately drives the two ion
generators. Hence, when the ion generators are alternately driven at
5 cycles in which the amount of ions generated by the two ion
generators becomes maximum, there is no large difference in the
amount of generated ions compared to the case where two ion
generators are continuously driven, while the operational lifetime of
the ion generating apparatus using the ion generators is doubled. 



10[0037]        An air purifying apparatus according to the present
invention is characterized by comprising: an ion generating apparatus
according to one of the inventions described above; and a purifier
that purifies the air which is to include ions generated by 15 the
ion generating apparatus. [0038] According to the invention, the air
purified by the purifier can include the ions generated by the ion
generating apparatus according to any one of the inventions described
above. 20Hence, an ion generating apparatus in which mutual effects
of the plurality of ion generators are suppressed and the operational
lifetime of each ion generator is extended can be applied to an air
purifying apparatus. [0039] 25As described above, it has
conventionally been known that  15 H+(H20),,, (m is an arbitrary
natural number), which is a positive ion, and 02-(H20). (n is an
arbitrary natural number), which is a negative ion, sterilize
floating bacteria or the like in the air by reaction of ions. The
ions, however, recombine with each other and 5 disappear. Thus, even
if high concentration of ions can be realized in the proximity of the
ion generator, the concentration thereof is rapidly lowered as the
distance from the ion generator becomes farther. Hence, even if the
concentration of ions can be several tens of thousands/cm3 in a
small-volume space such as an 



10 experimental apparatus, only two to three thousand ions/cm3 at the
most can be achieved in a large-volume space such as an actual
residential space or work space. [00401 The inventors, on the other
hand, have found that bird 15 influenza virus can be removed, in an
experimental laboratory level, by 99% in ten minutes when the ion
concentration of 7,000 ions/cm3 is achieved and by 99.9% when that of
50,000 ions/cm3 is achieved. These numbers of removal rates mean
that, if there are 1,000 viruses/cm3 in the air, 10 virus/cm3 and 1
virus/cm3 remain, 20 respectively. In other words, by increasing the
ion concentration from 7,000 ions/cm3 to 50,000 ions/cm3, the
remaining viruses will be reduced to one tenth. This shows that it is
very important for protection against infectious diseases and
environmental purification to increase the ion concentration in the
entire 25 residential space or work space where a person or the like
lives.  16 [0041]        An ion generating apparatus according to the
present invention is based on the knowledge described above,
comprising a plurality of ion generators in which positive and
negative ion 5 generating sections that generate ions are arranged in
a juxtaposed manner, and is characterized in that the plurality of
ion generators are biased such that juxtaposed direction of the
positive and negative ion generating sections in each ion generator
is aligned and the ion generating sections do not overlap with each
other in 10 the juxtaposed direction. [0042]        According to the
invention, the ion generating sections are not overlapped with each
other in the juxtaposed direction. Thus, when the ion generating
apparatus is arranged in the air-flowing 15 path such that the
juxtaposed direction is approximately vertical to the direction of
the airflow passing through near each ion generating section, ions
generated by the ion generating sections 



are prevented from overlapping and interfering with each other.
[0043] 20The ion generating apparatus according to the present
invention is characterized in that the plurality of ion generators
are arranged in a direction intersecting with the juxtaposed
direction, and each of the ion generating sections generates ions
toward one side in a direction vertically intersecting with the
arrangement 25 direction.  17 [00441       According to the
invention, ions are generated to one side of the direction vertically
intersecting with the arrangement direction of the ion generators.
Hence, when the ion generating apparatus is 5 placed in the
air-flowing path such that the arrangement direction is approximately
in parallel with the direction of airflow passing through near the
ion generating sections, the ions generated by the ion generating
sections efficiently pass through the air-flowing path together with
the airflow. 10[00451 The ion generating apparatus according to the
present invention is characterized in that the ion generator includes
an opening for each of the positive and negative ion generating
sections, and a bias amount of the ion generators in the juxtaposed
direction 15 is equal to or larger than a length of the opening in
the juxtaposed direction. [00461        According to the invention,
the openings of the ion generating sections do not overlap with each
other in the juxtaposed 



20 direction. Thus, when the ion generating apparatus is arranged in
the air-flowing path such that the juxtaposed direction is
approximately perpendicular to the direction of airflow passing
through near the openings of the ion generating sections, ions
generated by the ion generating sections are prevented from 25
overlapping and interfering with each other.  18 [00471 The ion
generating apparatus according to the present invention is
characterized in that the ion generators are biased toward one side
in the juxtaposed direction, and a total amount of 5 bias for the ion
generators in the juxtaposed direction is equal to or smaller than a
separation distance between the positive and negative ion generating
sections. [00481 According to the invention, the positive ion
generating 10 sections and the negative ion generating sections are
placed separately from each other on both sides of the juxtaposed
direction. Thus, when the ion generating apparatus is placed in the
air-flowing path such that the juxtaposed direction is approximately
perpendicular to the direction of airflow passing through near the 15
ion generating sections, positive and negative ions generated by the
ion generating sections are prevented from overlapping and
interfering with each other. [00491 An air purifying apparatus
according to the present 



20 invention is characterized by comprising: the ion generating
apparatus according to any one of the inventions described above; and
a purifier that purifies air which is to include the ions generated
by the ion generating apparatus. [00501 25According to the invention,
the air purified by the purifier is  19 made to include ions
generated by the ion generating apparatus according to the inventions
described above. Hence, the ion generating apparatus that suppresses
overlapping and mutual interference of ions generated by a plurality
of ion generating 5 sections may be applied to an air purifying
apparatus. [Effects of the Invention] [0051]       According to the
present invention, the ions generated by the ion generating section
can be included in the air at the laminar flow 10 section where the
flowing air becomes laminar flow, allowing the air to efficiently
include the ions generated by the ion generating section and
increasing the amount of ions included in the air. Hence, the amount
of ions discharged into a room can be increased. [0052] 15According
to the present invention, a plurality of ion generators are
periodically driven in different phases. This prevents each ion
generator from being affected by the ions generated by another ion
generator while the rate of energization decreases, extending the
operational lifetime as an ion generating 



20 apparatus. Hence, the operation lifetime can be extended without
much decrease in the amount of ions dispersed in the space where ions
are discharged. [0053]  20 direction of the ion generating sections
is approximately perpendicular to the direction of airflow passing
through near the ion generating sections, the ions generated by the
ion generating sections are prevented from overlapping and
interfering with each 5 other.        This can prevent mutual
interference of ions and can alleviate decrease in ion generation
efficiency, even when the ion generators are arranged in a collective
manner. [Brief Description of the Drawings] 10[0054]        FIG. 1 is
a vertical section side view illustrating the configuration of an air
purifying apparatus according to the present invention.          FIG.
2 is a front view illustrating the configuration of a main 15 part of
an air purifying apparatus according to the present invention.
FIG. 3 is a side view illustrating the configuration of a main part
of an air purifying apparatus according to the present invention.
20FIG. 4 illustrates (a) a front view and (b) a side view of the
configuration of an ion generator in an air purifying apparatus
according to the present invention.        FIG. 5 is a layout of
measurement performed in a room of the air blown out from a discharge
port of an air purifying 25 apparatus according to the present
invention installed on a floor in 



21 the room.        FIG. 6 is a vertical section side view
illustrating the configuration of an air purifying apparatus
according to an embodiment of the present invention. 5FIG. 7 is a
front view illustrating the configuration of a main part. part. FIG.
8 is a side view illustrating the configuration of a main  FIG. 9 is
a block diagram illustrating schematic 10 configuration of a control
system of an air purifying apparatus. FIG. 10 is a flowchart
illustrating a processing procedure of a CPU that drives an ion
generator.        FIG. 11 is a timing chart of a driving signal input
from each of output interfaces to a control input. 15FIG. 12 is a
circuit diagram illustrating an example of connection of an ion
generator and an ion generator driving circuit.        FIG. 13 is a
table illustrating an example of measurement in a room for ion
concentration and ion balance when one ion generator is constantly
turned on (driven) and when it is alternately 20 turned on and off,
and for ratio of ion concentration obtained when the ion generator is
constantly turned on to ion concentration obtained when it is
alternately turned on and off. 



FIG. 14 is a graphic chart in which average values of the ratios of
ion concentration shown in FIG. 13 are plotted. 25FIG. 15 is a table
illustrating an example of measurement in  22 a room for ion
concentration and ion balance when two ion generators are constantly
turned on and when they are alternately turned on and off, and for
ratio of ion concentration obtained when the ion generators are
constantly turned on to ion concentration 5 obtained when they are
alternately turned on and off.        FIG. 16 is a graphic chart in
which average values of the ratios of ion concentration shown in FIG.
15 are plotted.          FIG. 17 is a vertical section side view
illustrating the configuration of an air purifying apparatus
according to an 10 embodiment of the present invention.        FIG.
18 is a front view illustrating the configuration of a main part.
FIG. 19 is a side view illustrating the configuration of a main part.
15FIG. 20 is a front view illustrating an outer appearance of an ion
generating apparatus. [Description of Reference Codes] [0055] 



1housing 20 11suction port 12discharge port 2air blower 21impeller
22casing 25 22acircular-arc guide wall  23 22b blowing port 3filter
4duct 5ion generator 5 51, 52 ion generating section 53holder
Flaminar flow section 



2air blower 3filter (purifier) 10 4duct 5ion generator 6motor
12discharge port 21impeller (air-blowing fan) 15 22casing 30 CPU 31
ROM 32 RAM 33timer 20 37air-blower driving circuit 38ion generator
driving circuit (driving circuit) 1housing 2air blower 



3filter (purifier) 25 4duct  24 5ion generator 6motor 11suction port
12discharge port 5 21impeller 22casing 22a circular-arc guide wall
51, 52 ion generating section (positive and negative ion generating
section) 10 51a, 52aopening 500 ion generating apparatus 501holder
L3opening length 



L4, L5, L6amount of bias 15 [Best Mode for Carrying Out the
Invention] [0056] Embodiment 1 The present invention will be
described in detail based on the drawings illustrating an embodiment
thereof. Here, an air 20 purifying apparatus is described as an
example. FIG. 1 is a vertical section side view illustrating the
configuration of an air purifying apparatus according to the present
invention. FIG. 2 is a front view illustrating the configuration of a
main part, FIG. 3 is a side view illustrating the configuration of a
main part, and FIG. 4 25 illustrates (a) a front view and (b) a side
view of the configuration of  25 an ion generator. [0057]        The
air purifying apparatus illustrated in FIG. 1 includes: a housing 1
having a suction port 11 on a back wall la and having a 5 discharge
port 12 on a top wall lb; an air-blower 2 arranged at a lower part in
the housing 1; a filter 3 arranged inside of the suction port 11 to
let through the air suctioned from the suction port 11 by the air
blower 2 while eliminating foreign materials in the air to clean the
air; a duct 4 arranged between the air blower 2 and the 10 discharge
port 12 and formed as an air-flowing path that lets 



through the air to the discharge port 12; and an ion generator 5
having two ion generating sections 51 and 52, which make the air
blown by the air blower 2 include positive and negative ions. The air
purifying apparatus is configured to make the air blown by the 15 air
blower 2 include positive and negative ions generated by the ion
generating sections 51 and 52, and to discharge the positive and
negative ions from the discharge port 12 to the outside together with
the air. [0058] 20The housing 1 forms an approximately rectangular
parallelepiped having a bottom wall lc with a shape of a rectangle
(quadrangle) in planar view, a front wall ld continuing into two
sides of the bottom wall lc, side walls continuing into the other two
sides of the back wall la and the bottom wall lc, and a top wall lb.
25 The suction port 11 of a rectangular shape with its longitudinal
26 direction being top and bottom is provided on the back wall la,
while the discharge port 12 of a rectangular shape with its
longitudinal direction being on the side of the both side walls is
provided on the top wall lb. 5[00591        The air blower 2 forms a
cylindrical and centrifugal shape having an impeller 21 with its
rotation shaft arranged back and forth, and a casing 22 in which the
impeller 21 is housed to be rotatable. A motor 6 which drives the
impeller 21 is attached to 10 the front side portion of the casing
22. [00601 



The impeller 21 is a multi-blade impeller having a plurality of
blades 21a with the side of its rotating center displaced in the
rotating direction relative to the outer edge. In other words, it is
a 15 Sirocco impeller (Sirocco fan) having a circular-cylindrical
shape. One end of the impeller 21 has a bearing board. The output
shaft of the motor 6 is attached to a shaft hole opened at the center
of the bearing board, which functions such that the air taken in from
an opening at the other end to an air hole at the center is released
from 20 between the blades 21a on the outer circumference. [0061]
The casing 22 has a circular-arc guide wall 22a that guides the
airflow generated by rotation of the impeller 21 in the rotating
direction to increase the speed of the airflow, a blowing port 22b 25
opened upward from a part of the circular-arc guide wall 22a to one
27 direction of the tangent line of the circular-arc guide wall 22a,
and a circular-arc partition wall 22c arranged between the
circumferential surface of the impeller 21 and the circular-arc guide
wall 22a. The blowing port 22b forms a square-tubular shape that
protrudes from 5 a part of the circular-arc guide wall 22a in the
direction of the tangent line of the circular-arc guide wall 22a.
Moreover, the casing 22 forms the shape of a deep dish, including a
casing body 2a having the circular-arc guide wall 22a, the circular
partition wall 22c and an opening for a blowing port 22b, and
including a cover 10 plate 2b on which the portion corresponding to
the opening of the impeller 21 is opened and which closes the open
side of the casing body 2a, the cover plate 2b being attached to the
casing body 2a with a plurality of male screws. The circular-arc
guide wall 22a constitutes a rectification body that rectifies the
airflow generated 15 by rotation of the impeller 21. A circular-arc
air-flowing path 22d between the circular-arc guide wall 22a and the
circular-arc partition wall 22c forms a laminar flow section F.
[0062] Thus formed circular-arc guide wall 22a of the casing 2 has a 



20 penetration hole corresponding to the ion generating sections 51
and 52 as well as an attachment hole separately arranged from the
penetration hole, the ion generator 5 being attached by a male screw
which is screwed into the attachment hole. [0063] 25The duct 4 forms
a square-tubular shape with its lower end  28 continuing into the
blowing port 22b and its upper end being opened, and is integrally
formed with the casing body 2a and the cover plate 2b. Moreover, the
duct 4 includes one side wall 4a arranged along one direction of the
tangent line of the circular-arc guide wall 22a 5 from the blowing
port 22b, another side wall 4b with a separation distance from the
one side wall gradually increasing from the blowing port 22b, a back
wall 4c continuing into the one side wall 4a and another side wall 4b
and vertically arranged, and a front wall 4d with a separation
distance from the back wall 4c gradually 10 decreases from the
blowing port 22b. The duct 4 is configured to have the laminar flow
section F on the side facing the impeller 21 of the front wall 4d,
and to guide the air blown out from the blowing port 22b to form
laminar flow along the one side wall 4a, back wall 4c and front wall
4d. Moreover, on the front wall 4d, a penetration 15 hole
corresponding to the ion generating sections 51 and 52 as well as an
attachment hole which is separated from the penetration hole are
opened. The ion generator 5 is engaged into the penetration hole on
the front wall to be facing the laminar flow section F and is fixed
by a male screw which is inserted into the attachment hole. 20 [0064]
The ion generator 5 includes: two ion generating sections 51 and 52
that are separated from each other in a direction intersecting with
the flowing direction of the air sent by the air blower 2; a power
feeding section that supply voltage to the ion 25 generating sections
51 and 52; and a holder 53 that holds the ion  29 



generating sections 51, 52 and the power feeding section. The ion
generator 5 is configured such that the power feeding section
supplies voltage to the ion generating sections 51 and 52 so that the
ion generating sections 51 and 52 cause corona discharge to 5
generate ions. [0065]       The ion generating sections 51 and 52
have discharge electrode convex sections 51a and 52a having peaked
shapes as well as dielectric electrode rings 51b and 52b that enclose
the discharge 10 electrode convex sections 51a and 52a, which are
arranged at the central parts of the dielectric electrode convex
sections 51b and 52b, respectively. The ion generator 5 is configured
such that one ion generating section 51 generates positive ions while
the other ion generating section 52 generates negative ions. 15[00661
The ion generating section 5 is attached to the circular-arc guide
wall 22a constituting the rectification body of the casing 22 and on
the front wall 4d of the duct 4, and has two ion generating sections
51 and 52 arranged at a position intersecting with the 20 flowing
direction of the air. [0067]        For the ion generator 5 attached
to the circular-arc guide wall 22a of the casing 22, three of them
are held by one holder 53. The three ion generators 5 are juxtaposed
separately from one 25 another in the air-flowing direction (the arc
direction of the  30 circular-arc guide wall 22a) and are relatively
biased in a direction intersecting with the air-flowing direction
(the direction of the rotation shaft of the impeller 21). Moreover,
the ion generating sections 51 and 52 of the three ion generators 5
are arranged such 



5 that the polarity is made equal in the relatively-biased direction
while there is no overlapping in the air-flowing direction. The ion
generating sections 51 and 52 of each ion generator 5 face the casing
22 from the penetration hole. Furthermore, the attachment side of the
holder 53 to the casing 22 is curved toward the 10 air-flowing
direction, having a curved surface 53b on which three portions are
opened, each corresponding to the ion generating sections 51 and 52,
which are arranged at an opening 53a of the curved surface 53b.
[0068] 15The air purifying apparatus constituted as above is
installed near a wall in a residential room such that the suction
opening 11 comes on the side of the wall. [0069] The air blower 2 is
driven to rotate the impeller 21, which 20 causes the suction port 11
to suction the air in the room into the housing 1 and generates an
air-flowing path between the suction port 11 and the discharge port
12, while the filter 3 eliminates foreign materials such as dust in
the suctioned air to produce clean air. 25[0070]  31 The air passed
through the filter 3 is suctioned into the casing 22 of the air
blower 2. Here, the air suctioned into the casing 22 becomes the
airflow along the circular-arc partition wall 



22c around the impeller 21 while being sent to the circular-arc 5
air-flowing path 22d between the circular-arc partition wall 22c and
the circular-arc guide wall 22a. The airflow is rectified by the
circular arc guide wall 22a and becomes laminar flow at the laminar
flow section F of the circular-arc air-flowing path 22d. The air
passing through as laminar flow at the laminar flow section F is 10
guided along the circular-arc guide wall 22a to the blowing port 22b
as indicated by the arrows X of dashed double-dotted lines in FIG. 2
and is blown out into the duct 4 from the blowing port 22b. [0071]
The ion generating sections 51 and 52 are arranged on the 15
circular-arc guide wall 22a of the casing 22 in the air blower 2, so
that the ions generated by the ion generating sections 51 and 52 can
effectively be included in the air of laminar flow passing through in
a comparatively-narrow path of the laminar flow section F along the
circular-arc guide wall 22a. Moreover, the air passing through 20
along the circular-arc guide wall 22a flows at high wind speed,
allowing the air to more effectively include ions. [0072]
Furthermore, the ion generator 5 has two ion generating sections 51
and 52 at a position intersecting with the flowing 25 direction of
the air to increase the number of portions where the air  32 includes
ions for the first time, allowing the air to more effectively include
ions. [0073] 



Moreover, three ion generators 5 are arranged separately 5 from one
another in the air-flowing direction of clean air while the three ion
generators 5 are relatively biased in a direction intersecting with
the air-flowing direction so as to avoid overlapping of the ion
generating sections 51 and 52 of the ion generators 5 in the
air-flowing direction. Such arrangement of the ion generators 10 5
increases the number of portions where the air includes ions for the
first time and prevents positive ions and negative ions generated by
the ion generating sections 51 and 52 in the ion generators 5 from
canceling each other out. Accordingly, ions can more effectively be
included in the air without increase in the size of 15 the casing 22.
[0074] The positive and negative ions included in the air passing
through as laminar flow as described above are mixed together when
the air is blown into the duct 4 from the blowing port 22b of 20 the
casing 22. [00751        The duct 4 is configured such that the air
passes through as laminar flow along the one side wall 4a, back wall
4c and front wall 4d, the front wall 4d that makes the air pass
through as laminar 25 flow having ion generating sections 51 and 52
thereon. Hence, the  33 air in which positive and negative ions are
included in the casing 22 in the air-blower 2 can further include the
positive and negative ions generated by the ion generating sections
51 and 52 arranged at the duct 4, increasing the amount of ions in
the air. 5[00761        FIG. 5 is a layout of measurement performed
in a room for the air blown out from a discharge port of an air
purifying apparatus according to the present invention installed on a
floor in 



a room. Table 1 shows data indicating the result obtained by 10
measuring the amount of ions in a room. When the amount of ions was
measured at A to E points in the room for the conventional air
purifying apparatus including an ion generator and for the air
purifying apparatus according to the present invention, the result
shown in Table 1 was obtained. In FIG. 5, the room has a floor 15
space of 5.1m x 5.7m while the air purifying apparatus is installed
on the floor separated by 0.3m from one wall on the 5.7m side. The
measurement point A is positioned at a portion separated by 0.1m from
one wall of the 5.1m side in the room, including points 1, 3 and 5 on
the 5.7m side. The measurement point C is positioned at the 20 center
of the 5.1m side in the room, including points 1, 3 and 5 on the 5.7m
side. The measurement point E is positioned at a portion separated by
0.1m from the other wall of the 5.1m side in the room, including
points 1, 3 and 5 on the 5.7m side. Moreover, the measurement time is
for twenty minutes from the start of blowing 25 out, while the amount
of ions corresponds to the number of positive  34 ions (number of
ions/cm) and the number of negative ions (number of ions/cm) in the
air. [0077] [Table 1] 5TABLE 1 MEASUREMENT POINT HION (NUMBER OF
IONS/cm) (-)ION (NUMBER 



OF IONS/cm) STERILIZATION ION(NUMBER OF IONS OF IONS/cm) Al 49,000
47,000 47,000 A3 300,000 340,000 63,500 AS 80,000 90,000 80,000 Cl
32,000 



34,000 32,000 C3 15,000 18,000 15,000 C5 47,000 57,000 47,000 El
18,000 18,000 18,000 E3 27,000 



33,000 27,000 E5 27,000 30,000 27,000 AVERAGE NUMBER IN MEASUREMENT
POINTS 66,111 74,111 39,611 INCREASE RATE % 154  NOTE THAT THE
MEASUREMENT POINT A3 CORRESPONDS TO AN AVERAGE VALUE OF Al AND A5.
10[0078] 



35 (ions/cm), the increasing rate being 154%. This verified that the
amount of ions discharged in the room can be increased. Furthermore,
it has conventionally been known that 11+(1120),. (m is an arbitrary
natural number), which is a positive 5 ion, and 02-(H20), (n is an
arbitrary natural number), which is a negative ion, are sent out in
the air to sterilize floating bacteria or the like by reaction of
ions. The ions, however, recombine with each other and disappear.
Thus, even if high concentration of ions can be realized in the
proximity of the ion generating element, the 10 concentration thereof
is rapidly lowered as the distance from the ion generating element
becomes farther. Hence, even if the concentration of ions can be
several tens of thousands/cm3 in a small-volume space such as an
experimental apparatus, only two to three thousand ions/cm3 at the
most can be achieved in a 15 large-volume space such as an actual
residential space or work space.        The inventors, on the other
hand, have found that bird influenza virus can be removed, in an
experimental laboratory level, by 99% in ten minutes when the ion
concentration of 7,000 ions/cm3 20 is achieved and by 99.9% when that
of 50,000 ions/cm3 is achieved. These numbers of removal rates mean
that, if there are 1,000 viruses/cm3 in the air, 10 virus/cm3 and 1
virus/cm3 remain, respectively. In other words, by increasing the ion
concentration from 7,000 ions/cm3 to 50,000 ions/cm3, the remaining
viruses will 25 be reduced to one tenth.  36       This shows that it
is very important for protection against infectious diseases and
environmental purification to not only send out highly-concentrated
ions but also increase the ion concentration in the entire
residential space or work space where a person or the 



5like lives. [00791        Note that, in the embodiment described
above, three ion generators 5 are arranged on the circular-arc guide
wall 22a of the casing having the laminar flow section F where the
flowing air 10 becomes laminar flow, while one ion generator 5 is
arranged on the front wall 4d of the duct 4 having the laminar flow
section F where the flowing air becomes laminar flow. Additionally,
the portion where the ion generator 5 is arranged is not particularly
limited as long as the ion generator 5 is arranged at the laminar
flow section F is where the flowing air becomes laminar flow. For
example, it may be arranged at least one of a portion continuing into
the circular-arc guide wall 22a of the blowing port 22b, the
circular-arc guide wall 22a and the front wall 4d of the duct 4.
[0080] 20 Embodiment 2 An embodiment in which the ion generating
apparatus according to the present invention is applied to an air
purifying apparatus will be described below. FIG. 6 is a vertical
section side view illustrating the configuration of an air purifying
apparatus 25 according to the present invention. FIG. 7 is a front
view  37 illustrating the configuration of a main part. FIG. 8 is a
side view illustrating the configuration of a main part. [0081] 



The air purifying apparatus illustrated in FIG. 6 includes: a 5
housing 1 having a suction port 11 on a back wall la and a discharge
port 12 on a top wall lb; an air blower 2 arranged at a lower part in
the housing 1; a filter (purifier) 3 arranged inside of the suction
port 11 and letting through the air suctioned by the air blower 2
from the suction port 11 to eliminate foreign materials in 10 the air
and to produce clean air; a duct 4 arranged as an air-guiding path
between the air blower 2 and the discharge port 12 to guide the clean
air toward the discharge port 12; and an ion generator 5 that
generates positive and negative ions in the clean air sent by the air
blower 2. The air purifying apparatus is so configured as to 15
discharge the positive and negative ions generated by the ion
generator 5 to the outside from the discharge port 12 together with
the clean air sent by the air blower 2. [0082] The housing 1 forms an
approximately 20 rectangular-parallelepiped shape and has a bottom
wall lc forming a rectangle in planar view, a front wall id and a
back wall la continuing into two sides of the bottom wall lc, side
walls continuing into the other two sides of the bottom wall lc, and
a top wall lb. The suction port 11 forming a rectangle with its 25
longitudinal direction being top and bottom is provided on the back
38 wall la, while the discharge port 12 forming a rectangle with its
longitudinal direction being on the sides of the both side walls.
[0083] The air blower 2 forms a cylindrical and centrifugal shape 5
having an impeller (air-blowing fan) 21 with its rotation shaft
arranged back and forth and a casing 22 in which the impeller 21 is
housed to be rotatable. A motor 6 which drives the impeller 21 is
attached to the front side portion of the casing 22. [0084] 10The
impeller 21 is a multi-blade impeller having a plurality of blades
21a with the side of its rotating center displaced in the rotating
direction relative to the outer edge. In other words, it is a Sirocco
impeller (Sirocco fan) having a circular-cylindrical shape. One end
of the impeller 21 has a bearing board. The output shaft 



15 of the motor 6 is attached to a shaft hole opened at the center of
the bearing board, which functions such that the air taken in from an
opening at the other end to an air hole at the center is released
from between the blades 21a on the outer circumference. [0085] 20The
casing 22 has a circular-arc guide wall 22a that guides the airflow
generated by rotation of the impeller 21 in the rotating direction to
increase the speed of the airflow, and a blowing port 22b opened
upward from a part of the circular-arc guide wall 22a to one
direction of the tangent line of the circular-arc guide wall 22a. The
25 blowing port 22b forms a square-tubular shape that protrudes from
39 a part of the circular-arc guide wall 22a in the direction of the
tangent line of the circular-arc guide wall 22a. Moreover, the casing
22 forms the shape of a deep dish, including a casing body 2a having
the circular-arc guide wall 22a and an opening for the 5 blowing port
22b, and including a cover plate 2b on which the portion
corresponding to the opening of the impeller 21 is opened and which
closes the open side of the casing body 2a, the cover plate 2b being
attached to the casing body 2a with a plurality of male screws.
10[00861        Thus formed circular-arc guide wall 22a of the casing
22 has a penetration hole corresponding to the ion generator 5 as
well as an attachment hole separately arranged from the penetration
hole, the ion generator 5 being attached by a male screw which is
screwed 15 into the attachment hole. [0087]        The duct 4 forms a
square-tubular shape with its lower end continuing into the blowing
port 22b and its upper end being opened, and is integrally formed
with the casing body 2a and the cover plate 20 2b. Moreover, the duct
4 includes one side wall 4a arranged along one direction of the
tangent line of the circular-arc guide wall 22a from one side of the
blowing port 22b, another side wall 4b with a 



separation distance from the one side wall gradually increasing from
the other side of the blowing port 22b, a back wall 4c 25 continuing
into the one side wall 4a and another side wall 4b and  40 arranged
in the vertical direction, and a front wall 4d with a separation
distance from the back wall 4c gradually decreases from the blowing
port 22b. The duct 4 is configured to guide the clean air blown out
from the blowing port 22b to form laminar flow along 5 the one side
wall 4a, back wall 4c and front wall 4d. On the front wall 4d, a
penetration hole corresponding to the ion generator 5 and an
attachment hole which is separated from the penetration hole are
opened. The ion generator 5 is attached by a male screw inserted into
the attachment hole. 10[00881        The air purifying apparatus
constituted as described above is installed near a wall in a
residential room such that the suction port 11 comes on the wall
side. The air blower 2 is driven to rotate the impeller 21. The air
in the room is suctioned from the suction port 15 11 into the housing
1, generating an air-flowing path of wind between the suction port 11
and the discharge port 12. The filter 3 removes foreign materials
such as dust in the suctioned air to produce clean air. [0089] 20The
clean air passed through the filter 3 is suctioned into the casing 22
of the air blower 2. Here, the circular-arc guide wall 22a around the
impeller 21 causes the clean air suctioned into the casing 22 to be
laminar flow. The laminar flow is guided along the circular-arc guide
wall 22a toward the blowing port 22b, which 25 blows the airflow into
the duct 4. The circular-arc guide wall 22a  41 



of the casing 22 in the air blower 2 is provided with the ion
generator 5, which generates ions in the clean air flowing through
along the circular-arc guide wall 22a. [0090] 5The duct 4 is
configured to guide the clean air to be laminar flow along the one
side wall 4a, back wall 4c and front wall 4d, while the ion generator
5 is arranged on the front wall 4d that guides the clean air to be
laminar flow. Accordingly, in addition to the positive and negative
ions generated in the clean air in the 10 casing 22 of the air blower
2, the ion generator 5 arranged at the duct 4 increases the amount of
positive and negative ions. [0091]        FIG. 9 is a block diagram
illustrating schematic configuration of a control system of an air
purifying apparatus. A 15 CPU 30 forms a central part of the control
system, and is bus-interconnected with a ROM 31 that stores
information such as a program, a RAM 32 that stores
temporarily-generated   information and a timer 33 for keeping time.
The CPU 30 executes processing such as input, output and calculation
in accordance with 20 a control program stored in the ROM 31 in
advance. [0092] Further bus-interconnected with the CPU 30 are: an
operating section 35 that receives operation such as turning on and
turning off of the air purifying apparatus; a display section 36 25
including LCD that displays information such as contents of  



42 operation, an operating state or the like; and an air-blower
driving circuit 37 that drives the motor 6 of the air blower 2.
[0093] The output interfaces 34 and 34 that are bus-interconnected 5
with the CPU 30 are connected to control inputs PC1 and PC2 of ion
generator driving circuits (driving circuits) 38 and 38,
respectively. Each of one output ends of the ion generator driving
circuits 38 and 38 is connected to the negative electrode of a
direct-current power source El with the positive electrode thereof
being connected to 10 power inputs V1 and V2 of the ion generators 5,
5. The other ends of the ion generator driving circuits 38 and 38 are
connected to ground inputs G1 and G2 of the ion generators 5 and 5,
respectively. [00941 With the configuration described above, every
time the timer 15 33 clocks a given time, the CPU 30 alternately
inverts ON and OFF of the control inputs PC1 and PC2 of the ion
generator driving circuits 38, 38 via the output interfaces 34, 34.
This allows the ion generator driving circuits 38, 38 to alternately
connect/disconnect each of the ground inputs Gl, G2 of the ion
generators 5, 5 and the 20 negative electrode of the direct-current
power supply El. [0095] FIG. 10 is a flowchart illustrating a
processing procedure of the CPU 30 that drives the ion generators 5,
5. The processing described below is executed as needed and is
executed again every 25 time the processing is terminated.  43 Note
that the contents of FLG1 is stored in the RAM 32. 



[0096]       The CPU 30 makes the timer 33 start keeping time for one
second (step S11). Subsequently, the CPU 30 determines whether 5 or
not the timer 33 has finished time keeping (step 512). If it is
determined that the time keeping has not finished (NO at step S12),
the CPU 30 waits until the timer 33 finishes time keeping. If it is
determined that the time keeping has been finished (YES at step S12),
the CPU 30 determines whether or not FLG1 is set (step S13). 10[0097]
If it is determined that FLG1 is set (YES at step S13), the CPU 30
clears FLG1 (step S14). Subsequently, the CPU 30 turns off the output
of one output interface 34 to turn off the control input PC1 of the
ion generator driving circuit 38 (step S15), while it turns 15 on the
output of another output interface 34 to turn on the control input
PC2 of the ion generator driving circuit 38 (step S16), and
terminates the processing. [0098] If it is determined that FLG1 is
not set at the step S13 (NO 20 at step S13), the CPU 30 sets FLG1
(step S17). Subsequently, the CPU 30 turns on the output of one
output interface 34 to turn on the control input PC1 of the ion
generator driving circuit 38 (step S18), while it turns off the
output of another output interface 34 to turn off the control input
PC2 of the ion generator driving circuit 38 25 (step S19), and
terminates the processing.  44 [0099] FIG. 11 is a timing chart of a
driving signal input from each of the output interfaces 34, 34 to
each of the control inputs PC1, PC2. Each driving signal alternately
repeats ON for one second 



5 and OFF for one second with the duty of 50%. This allows the ion
generator driving circuits 38, 38 to alternately connect and
disconnect the power supply to the ion generators 5, 5 every other
second. Accordingly, the ion generators 5, 5 are alternately driven
every other second. 10[0100] FIG. 12 is a circuit diagram
illustrating an example of connection of the ion generator 5 and the
ion generator driving circuit 38. The ion generator 5 includes a
first booster circuit 5a that raises the direct-current voltage
applied between the power 15 input V1 (or V2) and the ground input G1
(or G2), a second booster circuit 5b that further raises the voltage
raised by the first booster circuit 5a, and an ion generating element
Ill which is applied with the voltage raised by the second booster
circuit 5b to generate ions. [0101] 20The first booster circuit 5a
includes: a series circuit having a diode Dll with the anode thereof
connected to the power input V1 (or V2) and resistances R11, R12; a
starting resistance R13 with one end connected to the resistance R12
side of the series circuit; and a booster transformer T11 with one
end of a primary winding Tlla 25 connected to the connecting point
between the resistance R12 and  45 resistance R13. [0102]       The
other end of the starting resistance R13 is connected to the cathode
of the diode D12 with the anode thereof connected to 5 the ground
potential, the base of an emitter-grounded NPN transistor Q11 and one
end of a secondary winding Tllc of the booster transformer T11, while
being connected to one end of a base winding Tllb of the booster
transformer T11 via a limiting resistance R14. 10[0103] 



The other end of the primary winding Tlla is connected to the
collector of the NPN transistor Q11, while the other end of the base
winding Tllb is connected to the ground potential. The other end of
the secondary winding Tllc is connected to the anode of the 15 diode
D13, while the cathode of the diode D13 is connected to a charge
condenser Cll, with the other end thereof connected to the ground
potential, and to the second booster circuit 5b. [0104] The second
booster circuit 5b includes a booster transformer 20 T12 with one end
of a primary winding T12a being connected to the first booster
circuit 5a via a two-terminal thyristor S11. The other end of the
primary winding T12a is connected to the ground potential, while both
ends of the secondary winding T12b are connected to the ion
generating element Ill. 25[0105]  46       The ion generating element
Ill includes: a diode D14 and a diode D15 with their respective
cathode and anode connected to one end of the secondary winding T12b
of the booster transformer T12; a negative-side needle electrode N11
and a positive-side needle 5 electrode N12 connected, respectively,
to the anode of the diode D14 and the cathode of the diode D15; and
opposite electrodes Pll connected to the other end of the secondary
winding T12b. [0106i The ion generator driving circuit 38 includes:
an NPN 10 transistor Q12 with its collector and emitter connected,
respectively, to the ground input G1 (or G2) and to the negative
electrode of the direct-current power supply El; a resistance R16
connected between the base and emitter of the NPN transistor Q12; and
a resistance R15 connected between the base of the NPN transistor Q1
and the 15 control input PC1 (or PC2). [0107]       In the
configuration described above, when the driving signal shown in FIG.
11 is applied to the control input PC1 (or PC2), the NPN transistor
Q12 is turned on, while DC12V of the direct-current 



20 power source El is applied between the power input V1 (or V2) and
the ground input G1 (or G2). Here, base current flowing in via the
diode Dll, resistances R11, R12 and starting resistance R13 causes
collector current to start flowing in the NPN transistor Q11,
generating voltage at both ends of the primary winding Ti la of the
25 booster transformer T11. This generates voltage corresponding to
47 the winding ratio of the primary winding Tlla to the base winding
T1lb at both ends of the base winding Tub. [mos] Since the base
winding Tllb of the booster transformer T11 5 has the same polarity
as the primary winding Tlla, the voltage generated at both ends of
the base winding Ti lb functions to accelerate increase in collector
current of the NPN transistor Q1 and to increase the voltage at both
ends of the primary winding. Here, since the polarity of the
secondary winding Tllc is set such 10 that the voltage of a direction
in which the diode D13 does not become conductive is generated, no
current flows through the secondary winding. [0109] Subsequently,
when the rate of increase in the collector 15 current in the NPN
transistor Q11 decreases, the voltage at both ends of the primary
winding Tlla begins to fall, lowering the voltage at both ends of the
base winding Ti lb and thus reducing the base current and collector
current. Hence, the voltage at both ends of the primary winding Tlla
further falls at an accelerated 20 pace. Here, at both ends of the
secondary winding T11c, voltage is generated in a direction in which
the diode D13 becomes conductive, charging up the charge condenser
C11. 



[0110]  48 present Embodiment) of the two-terminal thyristor S11, the
two-terminal thyristor Sll begins to become conductive as in Zener
diode. When the conducting current reaches the break over current
(1mA for example), the two-terminal thyristor 511 becomes 5 almost in
a short-circuit condition, discharging the electric charge stored in
the charge condenser C11 to the ground potential through the primary
winding T12a of the booster transformer T12a. [0111] Here, a boosted
impulse-like high voltage is generated at the 10 secondary winding
T12b. Accordingly, the ion generating element Ill, which is applied
with high voltage from the secondary winding T12b of the booster
transformer T12 via the diodes 1314 and 1315, generates negative ions
between the negative-side needle electrode Nil and the opposite
electrode P11 as well as positive ions between 15 the positive-side
needle electrode N12 and the opposite electrode P11. [0112]
FIG. 13 is a table illustrating an example of measurement in a room
for ion concentration and ion balance when one ion 20 generator 5 is
constantly turned on (driven) and when it is alternately turned on
and off, and for ratio of ion concentration obtained when the ion
generator is constantly turned on to ion concentration obtained when
it is alternately turned on and off. FIG. 14 is a graphic chart in
which average values of the ratios of 25 ion concentration shown in
FIG. 13 are plotted. In FIG. 13, the ion  49 



concentration is indicated by the number of positive ions (ions/cm)
and the number of negative ions (ions/cm) per unit volume, while the
ion balance is indicated by the ratio of the ion concentration for
positive ions to the ion concentration for negative ions. Moreover, 5
in FIG. 14, the horizontal axis indicates time of on/off (second)
whereas the vertical axis indicates the ratio of ion concentration
(%). [0113] In the measurement example shown in FIGS. 13 and 14, 10
when the time of "on" and time of "off' are changed between 0.5 and 5
seconds with the duty for turning on/off the ion generator 5
maintained at 50%, the ratio of ion concentration is lowered from
85.7% to 75.0% compared to the case where the ion generator 5 is
constantly turned on. The ratio of ion concentration obtained when 15
the ion generator 5 is turned on/off for 0.5 seconds and 1 second
corresponds to 85.7%, indicating only 14.3% decrease. In other words,
the table shows that no large difference occurs in ion concentration
when the ion generator 5 is intermittently driven with a period of
one to two seconds, compared to the case where it is 20 constantly
driven. [0114]        FIG. 15 is a table illustrating an example of
measurement in a room for ion concentration and ion balance when two
ion generators 5 are constantly turned on and when they are 25
alternately turned on and off, and for ratio of ion concentration  50
obtained when the ion generators are constantly turned on to ion
concentration obtained when they are alternately turned on and off.
FIG. 16 is a graphic chart in which average values of the ratios of
ion concentration shown in FIG. 15 are plotted. In FIG. 15, 



5 examples of measurement are also shown for ion concentration, ion
balance and the ratio of ion concentration obtained when one ion
generator 5 is constantly turned on. As for the units representing
ion concentration and ion balance in FIG. 15, units similar to those
in FIG. 13 are used. Moreover, in FIG. 16, the horizontal axis 10
indicates time for on/off (seconds) whereas the vertical axis
indicates the ratio of ion concentration (%). [0115]        In the
measurement example shown in FIGS. 15 and 16, when the time for "on
and "off' are changed between 0.5 to 5 15 seconds with the duty for
turning on/off the ion generator 5 maintained at 50%, the ratio of
ion concentration is lowered, in average value, from 92.2% to 90.5%,
compared to when two ion generators 5 are constantly on. Among these,
the ratio of ion concentration when the ion generators 5 are turned
on/off for one 20 second corresponds to 92.2% in average, indicating
only 7.8% decrease. The ratio of ion concentration obtained when one
ion generator 5 is constantly turned on is, on the other hand, 89.4%,
indicating that higher ion concentration can be obtained by turning
on/off two ion generators compared to the case where one ion 25
generator is constantly turned on.  51       As described above,
according to the present Embodiment, the ion generator driving
circuit drives two ion generators in different phases on a periodic
basis. 5This prevents the ion generators from interfering with each
other while lowering the energizing rate of the ion generators and
thus extending operational lifetime of the ion generating apparatus.
Hence, the operation lifetime can be extended without little decrease
in the amount of ions dispersed in a space where ions are 10
discharged, achieving a longer operating life of the ion generating
apparatus. [on 71 



Moreover, the ion generator arranged on the circular-arc guide wall
of the casing is separated from the ion generator 15 arranged on the
front wall of the duct.        Accordingly, the probability that the
ion generators interfere with each other causing decrease in the
amount of generation of ions can be lowered. [0118] 20Furthermore,
the impeller of the air blower blows out the ions generated by two
ion generators to the outside. Accordingly, the ion generators can
further be prevented from interfering with each other, while the
generated ions can efficiently be guided to the outside. 25[0119]  52
Furthermore, the ion generator driving circuit alternately drives two
ion generators with a period of two seconds, each for one second, at
which the maximum amount of ions can be obtained. Accordingly,
compared to the case where two ion generators 5 are continuously
driven, the operational lifetime of the ion generating apparatus
using the ion generators may be doubled without much decrease in the
amount of generated ions. 



[0120] Furthermore, the ions generated by the ion generators in the
10 ion generating apparatus are included in the air purified by a
filter.       Accordingly, the ion generating apparatus for which the
operational life is extended without much decrease in the ions
dispersed in a space where ions are discharged can be applied to an
air purifying apparatus. 15[0121]       Though, in the present
Embodiment, the ion generator is driven by repeating "on" for one
second and "off' for one second with the duty of 50%, it is not
limited thereto. The duty may be smaller than 50% to further extend
the operational lifetime, or the ion 20 generator can be driven with
a period other than two seconds. [0122]       Moreover, the number of
ion generators is not limited to two, but may be three or more. When,
for example, three ion generators are provided, one more output
interface 34 and one more ion 25 generator driving circuit 38 as
shown in FIG. 9 may be added.  53 Furthermore, a PC3 driving signal
may be added to the driving signals of each ion generator shown in
FIG. 11, while the duty for each driving signal may be set as 33%
such that "on" periods for the PC1 driving signal, PC2 driving signal
and PC3 driving signal do 5 not overlap with one another. [0123]
Embodiment 3 Embodiments in which an ion generating apparatus 



according to the present invention is applied to an air purifying 10
apparatus will be described below. FIG. 17 is a vertical section side
view illustrating the configuration of an air purifying apparatus
according to the present invention. FIG. 18 is a front view
illustrating the configuration of a main part. FIG. 19 is a side view
illustrating the configuration of a main part. FIG. 20 is a 15 front
view illustrating an outer appearance of an ion generating apparatus.
[0124]        The numeral 1 in the drawings denotes a housing having
a shape of an approximately rectangular parallelepiped. The 20
housing 1 includes a suction port 11 on a back wall la for taking in
the room air. Ahead the suction port 11, a filter (purifier) 3 is
arranged for removing foreign materials from the air suctioned from
the suction port 11 by the air blower 2 arranged at a lower part in
the housing 1 and producing clean air. Above the air blower 2, a 25
duct 4 is arranged as an air-flowing path for letting through the  54
clean air toward the discharge port 12 located on a top wall lb of
the housing 1. [0125] The housing 1 has a bottom wall lc of a
rectangular shape in 5 planar view that continues into the lower side
of the back wall 1. One side on the front side of the bottom wall lc
continues into the front wall ld, while the other two sides continue
into the side walls. The suction port 11 on the back wall la forms a
rectangle with the longitudinal direction thereof being top and
bottom, whereas the 10 suction port 12 on the top wall lb forms a
rectangle with the longitudinal direction thereof being the both side
walls. 



[01261        The air blower 2 forms a cylindrical and centrifugal
shape having an impeller 21 with its rotation shaft arranged back and
15 forth, and a casing 22 in which the impeller 21 is housed to be
rotatable. A motor 6 which drives the impeller 21 is attached to the
front part of the casing 22. [0127] The impeller 21 is a multi-blade
impeller having a plurality 20 of blades 21a with the side of its
rotating center displaced in the rotating direction relative to the
outer edge. In other words, it is a Sirocco impeller (Sirocco fan)
having a circular-cylindrical shape. One end of the impeller 21 has a
bearing board. The output shaft of the motor 6 is attached to a shaft
hole opened at the center of the 25 bearing board, which functions
such that the air taken in from an  55 opening at the other end to an
air hole at the center is released from between the blades 21a on the
outer circumference. [0128] The casing 22 has a circular-arc guide
wall 22a that guides 5 the airflow generated by rotation of the
impeller 21 in the rotating direction to increase the speed of the
airflow, and a blowing port 22b opened upward from a part of the
circular-arc guide wall 22a to one direction of the tangent line of
the circular-arc guide wall 22a. The blowing port 22b forms a
square-tubular shape that protrudes from 10 a part of the
circular-arc guide wall 22a in one direction of the tangent line of
the circular-arc guide wall 22a. Moreover, the casing 22 forms the
shape of a deep dish, including a casing body 2a having the
circular-arc guide wall 22a and an opening for a blowing port 22b,
and including a cover plate 2b on which the portion 15 corresponding
to the opening of the impeller 21 is opened and which closes the open
side of the casing body 2a, the cover plate 2b being 



attached to the casing body 2a with a plurality of male screws.
[0129] The circular-arc guide wall 22a of the casing 22 has a 20
penetration hole corresponding to an ion generating apparatus 500 as
well as an attachment hole separately arranged from the penetration
hole, the ion generating apparatus 500 being attached by a male screw
which is screwed into the attachment hole. [0130] 25The duct 4 forms
a square-tubular shape with its lower end  56 continuing into the
blowing port 22b and its upper end being opened, and is integrally
formed with the casing body 2a and the cover plate 2b. Moreover, the
duct 4 includes: one side wall 4a arranged along one direction of the
tangent line of the circular-arc guide wall 22a 5 from one side of
the blowing port 22b; another side wall 4b with a separation distance
from the one side wall 4a gradually increasing from the other side of
the blowing port 22b; a back wall 4c continuing into the one side
wall 4a and another side wall 4b and vertically arranged; and a front
wall 4d with a separation distance 10 from the back wall 4c gradually
decreases from the blowing port 22b. The duct 4 is configured to
guide the clean air blown out from the blowing port 22b to form
laminar flow along the one side wall 4a, back wall 4c and front wall
4d. Moreover, on the front wall 4d, a penetration hole corresponding
to the ion generator 5 as well as an 15 attachment hole which is
separated from the penetration hole are opened. The ion generator 5
is attached by a male screw which is inserted into the attachment
hole. [01311 In the ion generator 5, two ion generating sections
(positive 20 and negative ion generating sections) 51 and 52 having,
respectively, circular openings 51a and 52a that are separated from
each other in a direction approximately vertically intersecting with
the   air-flowing direction of the clean air sent by the air blower 2
are juxtaposed with each other. Each of the ion generating sections
51 25 and 52 includes, at the inner-back side of each of the openings
51a  



57 and 52a, a discharge electrode of a peaked shape and an opposite
electrode enclosing the discharge electrode. It is thus configured
that one ion generating section 51 generates positive ions whereas
another ion generating section 52 generates negative ions toward 5
the side in which the respective openings 51a and 52a are directed.
[0132] The ion generating apparatus 500 includes three ion generators
5, 5 and 5 as well as a holder 501 that holds the ion generators 5, 5
and 5. The ion generating sections 51 and 52 in 10 each of the ion
generators 5, 5 and 5 face the casing 22 from the penetration hole.
The side of the holder 501 to be attached to the casing 22 has a
curved surface which curves in the air-flowing direction, the curved
surface having the ion generators 5, 5 and 5 thereon. Moreover, the
tangent line of the curved surface at 15 positions where the ion
generators 5, 5 and 5 are arranged is made to be approximately
parallel with the respective openings 51a and 52a. [0133] The ion
generators 5, 5, 5 of the ion generating apparatus 20 500 are
juxtaposed with and separated from each other in the air-flowing
direction (arc direction of the circular-arc guide wall 22a).
Adjacent ion generators 5 and 5 are biased in the direction
approximately vertically intersecting with the air-flowing direction,
i.e. the juxtaposed direction of the ion generating sections 51 and
25 52) by the bias amounts of L5 and L6 (see FIG. 20). The ion  58 



generating sections 51 and 52 of each of the ion generators 5, 5 and
5 are arranged such that they have the same polarity arrangement in
the biasing direction and that they do not overlap with each other in
the air-flowing direction. In other words, the bias amounts L5 5 and
L6 of the adjacent ion generators 5 and 5 are set larger by a
distance Li and a distance L2, respectively, than the diameter of
each of the openings 52a and 52a in the negative ion generating
sections 52 and 52. This prevents airflow passing through along the
ion generating sections 51 and 52 from overlapping with each 10other.
[0134]        Moreover, the bias amount for each of the ion
generators 5, 5 and 5 is made equal to or larger than the length of
each of the openings 51a and 52a in the juxtaposed direction. In
other words, 15 the bias amount L4 for the ion generators 5 and 5 in
FIG. 20 is, for example, set to be equal to or larger than an opening
length L3 of the opening 51a in the positive ion generating section
51. This prevents airflow passing through along the openings 51a and
52a from overlapping with each other. 20[0135]        Furthermore,
the total amount of bias for the ion generator 5 is set to be equal
to or smaller than the separation distance between the ion generating
sections Si and 52. In other words, the sum of the bias amounts L5
and L6 for the adjacent ion generators 5, 5 and 25 5 is equal to or
smaller than the separation distance between the  59 positive and
negative ion generating sections 51 and 52. This separates the
airflow passing through along the ion generating sections 51, 51 and
51 from the airflow passing through along the ion generating sections
52, 52 and 52 to be on both sides of the 5 juxtaposed direction.
[0136] 



The air purifying apparatus configured as described above is
installed in the vicinity of a wall in a residential room such that
the suction port 11 comes on the side of a wall. The air blower 2 is
10 driven to rotate the impeller 21, which causes the air in the room
to be suctioned into the housing 1 from the suction port 11 and
generates an air-flowing path of wind between the suction port 11 and
the discharge port 12. The filter 3 removes foreign materials such as
dust from the suctioned air to produce clean air. 15[0137]       The
clean air passed through the filter 3 is suctioned into the casing 22
of the air blower 2. Here, the clean air suctioned into the casing 22
becomes laminar flow by the circular-arc guide wall 22a around the
impeller 21. The laminar flow is guided to the blowing 20 port 22b
along the circular-arc guide wall 22a and is blown from the blowing
port 22b into the duct 4. The circular-arc guide wall 22a of the
casing 22 in the air blower 2 is provided with the ion generating
apparatus 500, which generates positive and negative ions in the
clean air passing through along the circular-arc guide wall 22a.
25[01381  60       The duct 4 is configured to guide the clean air as
laminar flow along one side wall 4a, back wall 4c and front wall 4d,
the ion generator 5 being arranged on the front wall 4d that guides
the clean air to form laminar flow. Thus, in addition to the positive
5 and negative ions generated in the clean air in the casing 22 of
the air blower 2, the ion generator 5 arranged in the duct 4 further
increases the amount of positive and negative ions. The positive and
negative ions generated by the ion generating apparatus 500 and the
ion generator 5 are discharged to the outside from the 10 discharge
port 12 together with the clean air sent by the air blower 2. [01391
As described above, according to the present Embodiment, three ion
generators each having positive and negative ion 



15 generating sections juxtaposed with each other are arranged on
holders such that the ion generating sections have the same polarity
arrangement in the juxtaposed direction. Moreover, the ion generators
are biased in the juxtaposed direction such that the positive and
negative ion generating sections do not overlap with 20 each other.
The ion generating apparatus is arranged in an air-flowing path such
that the juxtaposed direction is approximately perpendicular to the
direction of airflow passing through near the ion generating
sections. This prevents ions generated by the ion generating sections
from overlapping with each other. 25Accordingly, mutual interference
can be suppressed even  61 when the ion generators are collectively
arranged, alleviating decrease in ion generation efficiency. [0140]
Moreover, three ion generators are arranged in the direction 5
intersecting with the juxtaposed direction of the ion generating
sections, while the ion generating sections generate ions to one side
in the direction vertically intersecting with the arrangement
direction. Also, the ion generating apparatus is arranged in the
air-flowing path such that the arrangement direction is 10
approximately in parallel with the direction of airflow passing
through near the ion generating sections.       Accordingly, even
when the ion generators are arranged in a collective manner, the ions
generated by each ion generating section can efficiently pass through
together with the airflow. 15[01411        Furthermore, the bias
amount of the ion generators in the juxtaposed direction is set equal
to or larger than the length of the opening in the juxtaposed
direction. The ion generating apparatus is arranged in the
air-flowing path such that the juxtaposed 20 direction is
approximately vertical to the direction of airflow passing through in
the vicinity of each ion generating section. This prevents the ions
generated by the ion generating sections via openings from
overlapping with each other.             Hence, mutual interference
can be suppressed even when the 25 ion generators are arranged in a
collective manner, alleviating 



62 decrease in ion generation efficiency. [0142] Furthermore, the ion
generating apparatus is biased in one direction, while the sum of
biased amounts of the adjacent ion 5 generators in the juxtaposed
direction is set as equal to or smaller than the separation distance
between the positive and negative ion generating sections. The ion
generating apparatus is arranged in the air-flowing path such that
the juxtaposed direction is approximately vertical to the direction
of airflow passing through in 10 the vicinity of each ion generating
section. Accordingly, the ions generated by the positive ion
generating section and negative ion generating section located
separately on both sides in the juxtaposed direction do not overlap
with each other.          Hence, mutual interference can be
suppressed even when the 15 ion generators are arranged in a
collective manner, alleviating decrease in ion generation efficiency.
[0143]           Furthermore, the ions generated by the ion generator
in the ion generating apparatus can be included in the air purified
by the 20filter. Accordingly, an ion generating apparatus capable of
suppressing mutual interference and alleviating decrease in ion
generation efficiency even when ion generators are arranged in a
collective manner can be applied to an air purifying apparatus.
25[0144]  



63        Though the ion generating section has openings in the
present Embodiment, it is not limited thereto. For example, an ion
generating apparatus having a discharge electrode formed of a
dielectric covered with a protective layer but not having an opening
5 in the ion generating section may be employed. [0145]
Moreover, the number of ion generators arranged in the ion generating
apparatus is not limited to three, but may be two, four or more.  64
CLAIMS [Claim 1]       An ion generating apparatus comprising two ion
generators that generate positive ions and negative ions, the two ion
generators separately arranged from each other, and       a driving
circuit that drives each of the two ion generators, characterized by
comprising:       an air-blowing fan that blows the positive and
negative ions generated by the two ion generators to the outside,
wherein       the driving circuit is configured to periodically and
alternately drive each of the ion generators. [Claim 2] The ion
generating apparatus according to Claim 1, characterized in that 



each of the two ion generators is configured to be alternately driven
with a period of 1 to 10 seconds with an equal duty. 








