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(54) AIR CLEANER

(67)  Within a casing 11 having air inlet openings
11d and air outlet openings 11e formed therein, an ion-
izer 12 for charging particles in an air, a collector 13 for
collecting charged particles, an ozone decomposing fil-
ter 14 for decomposing an ozone gas produced by the
ionizer 12 and a fan 15 for flowing an air from the air
inlet openings 11d to the air outlet openings 11e are
provided in this order from an upper portion of the cas-
ing. The ionizer 12 and collector 13 are arranged to sur-
round the fan 15 on an inner side of the air inlet
openings 11d.
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Description

Field of the Invention

[0001] The present invention relates to An air clearing
apparatus for collecting electrically particles floating In
an air such as dusts, bacteria and odor substances.

Brief Description of the Drawings
[0002]

Fig. 1 is a cross sectional view showing a known air
cleaning apparatus.

Fig. 2 is a cross sectional view illustrating another
known air cleaning apparatus.

Fig. 3 is a lateral cross sectional view depicting a
first embodiment of the air cleaning apparatus
according to the invention.

Fig. 4 is a perspective view showing a casing.

Fig. 5 is a perspective view depicting a discharge
electrode member.

Fig. 6 is a perspective view illustrating a counter
electrode member.

Fig. 7 is a perspective view showing a high-tension
electrode member.

Fig. 8 is a lateral cross sectional view depicting a
second embodiment of the air cleaning apparatus
according to the invention.

Fig. 9 is a perspective view illustrating ionizer and
collector.

Fig. 10 is a perspective view depicting a discharge
electrode member.

Fig. 11 a perspective view showing a counter elec-
trode member.

Fig. 12 is a perspective view illustrating a high-ten-
sion electrode member.

Fig. 13 is a perspective view explaining an applica-
tion of the air cleaning apparatus according to the
invention.

Fig. 14 is a side view representing the application.
Fig. 15 is a side view showing an application.

Fig. 16 is a perspective view illustrating an applica-
tion.

Fig. 17 is a perspective view showing an applica-
tion.

Fig. 18 is a perspective view depicting an applica-
tion.

Background Technique

[0003] In a conventional air cleaning apparatus, air
inlet openings 1a are formed in one side wall of an elon-
gated casing 1 and air outlet openings 1b are formed in
a top wall of the casing as shown in Fig. 1. Within the
casing 1, there is provided a fan 2 for making an air
stream introduced from the air inlet openings 1a and
exhausted from the air outlet openings 1b. A charging
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and collecting section 3 for electrostatically charging
particles in the air stream and collecting the thus
charged particles is arranged at a lower portion of the
casing. Further, behind the charging and collecting sec-
tion 3, is arranged a duct 4 for introducing an air into the
fan 2.

[0004] As illustrated in Fig. 2, there has been another
known air cleaning apparatus, in which air inlet open-
ings 5a are formed in a bottom wall of an elongated cas-
ing 5 and air outlet openings 5b are formed in a top wall
of the casing 5. Also in this air cleaning apparatus, a fan
6 is provided in an upper portion of the casing 5 and a
charging and collecting section 7 is arranged in a bot-
tom portion of the casing.

[0005] In the known air cleaning apparatus shown in
Fig. 1, the duct 4 is provided behind the charging and
collecting section 3, and therefore a miniaturization is
difficult. Moreover, a direction of the air stream is
abruptly changed by the duct 4, there is also a problem
that a pressure loss is large. In the known air cleaning
apparatus illustrated in Fig. 2, since a width of the air
inlet openings 5a is small, an air flow rate is limited. In
these known apparatuses, since the elongated casing
1, 5is used and the fan 2, 6 and charging and collecting
section 3, 7 are arranged in the upper and lower por-
tions of the elongated casing, respectively, the appara-
tus is liable to be turned and the miniaturization is
difficult.

[0006] It is an object of the present invention to pro-
vide an air cleaning apparatus, in which the above men-
tioned problems can be removed by making the
apparatus compact and by flowing the air stream in a
smooth manner. Disclosure of the Invention

[0007] According to the invention, an air cleaning
apparatus comprises a casing having air inlet openings
and air outlet openings; a fan provided within said cas-
ing and flowing an air stream from said air inlet open-
ings to said air outlet openings; and a charging and
collecting section for charging particles in an air and col-
lecting the thus charged particles and arranged
between said air inlet openings and said fan such that
the charging and collecting section surrounds said fan.
Therefore, the apparatus according to the invention can
be miniaturized and the air can be flown in an efficient
manner.

Best Mode of Carrying out the Invention

[0008] The present invention will be explained in detail
with reference to embodiments shown in Figs. 3-18.

[0009] Fig. 3 is a lateral cross section showing a first
embodiment of the air cleaning apparatus 10 according
to the invention. Within a casing 11 having a semicircu-
lar cross section and a substantially semi-cylindrical
shape as a whole, there are arranged an ionizer 12 con-
stituting a charging unit, a collector 13 constituting a col-
lecting section, an ozone decomposing filter 12 divided
into a plurality of parts and a fan 15 including a driving
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motor not shown, said parts being arranged in this order
viewed from an upper portion. The ionizer 12 and col-
lector 13 are connected to a voltage applying means not
shown, and the ionizer 12, collector 13 and voltage
applying means are connected to a controlling means
also not shown. The ionizer 12 is constructed by a com-
bination of a discharging electrode member 21 and a
counter electrode member 22, and the collector 13 is
composed of a combination of the counter electrode
member 22 and a high-tension electrode member 23
and is arranged to surround the fan 15. The ozone
decomposing filter 14 is also arranged to surround the
fan 15, but it may be constructed as a single integral
curved body.

[0010] Asillustrated in a perspective view of Fig. 4, the
casing 11 comprises a flat bottom plate 11a, a semicir-
cular top plate 11b and side plates 11¢, and a height of
the top plate 11b is smaller than a shorter width of the
bottom plate 11a. Air inlet openings 11d are formed in
the top plate 11b such that a total area of the openings
is larger than a half of a surface area of the top plate. In
the top plate 11b, there are further formed air outlet
openings 11e. On an outer surface of the casing 11,
there is provided an electric operating section 11f, by
means of which the ionizer 12, collector 13, fan 15, volt-
age applying means and controlling means can be
operated by a user. Furthermore, within the casing 11,
there are provided stabilizer 11g, rear guide 11h and dif-
fuser 11i to surround the fan 15.

[0011] The fan 15 serves to introduce an air stream
from the air inlet openings 11d and exhaust the air
stream from the air outlet openings 11e via the ionizer
12, collector 13 and ozone decomposing filter 14. Dur-
ing this circulation, the ionizer 12 produces a corona
discharge and particles in the air are charged, the col-
lector 13 collects the thus charged particles by Cou-
lomb's force, and the ozone decomposing filter 14
serves to decompose an ozone gas produced by the
ionizer 12 without leaking the ozone gas out of the
apparatus. It should be noted that a pre-filter may be
arranged in an upstream position to the ionizer 12, and
then relatively large particles may be collected by the
pre-filter.

[0012] As shown in a perspective view of Fig. 5, the
discharge electrode member 21 constituting the ionizer
12 is constructed by pressing a conductive metal plate.
The discharge electrode plate 21 comprises a frame
plate 21a which is arranged along the top plate 11b at
an inner side of the air inlet openings 11d of the casing
11, a plurality of discharge electrode plates 21b extend-
ing in parallel with each other perpendicularly to the
flame plate 21a, a plurality of needle-like projections
21c¢ provided on lower edges of said discharge elec-
trode plates 21b, and a plurality of air passing openings
21d formed in the flame plate 21a at positions between
successive discharging electrode plates 21b.

[0013] Asillustrated in a perspective view of Fig. 6, the
counter electrode member 22 constituting both the ion-
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izer 12 and collector 13 is made of an electrically con-
ductive resin having a hygroscopic property and a
volume specific resistance not larger than 107 Qcm.
The counter electrode member 22 comprises a frame
plate 22a which is arranged underneath the frame plate
21a of the discharge electrode member 21 such that the
frame plate 22a extends along the frame plate 21a, a
plurality of first counter electrodes 22b extending
upward from the frame plate 22a such that the first
counter electrodes 22b extend in parallel with the dis-
charge electrode plates 21b of the discharge electrode
member 21, a plurality of arcuate second counter elec-
trodes 22¢ extending downward from the frame plate
22a such that the second counter electrodes 22¢ are
perpendicular to the first counter electrodes 22b, and air
passing openings 22d formed between successive first
counter electrodes 22b.

[0014] As depicted in a perspective view of Fig. 7, the
high-tension electrode member 23 constituting the col-
lector 13 is made of a semi-conductive resin having a
hygroscopic property and a volume specific resistance
of 108-10"® Qcm, particularly 10'%- 10" Qcm. The
high-tension electrode member 23 comprises a frame
plate 23a which is arranged along the ozone decompos-
ing filter 14 along the inner surface of the frame plate
22a of the counter electrode member 22, a plurality of
arcuate high-tension electrodes 23b extending between
successive counter electrode plates 22¢ of the counter
electrode member 22, and a plurality air passing open-
ings 23¢ formed in the frame plate 22a between succes-
sive high-tension electrode plates 23b.

[0015] The above mentioned discharge electrode
member 21, counter electrode member 22 and high-
tension electrode member 23 are assembled such that
the discharge electrode plates 21b of the discharge
electrode member 21 and first counter electrode plates
22b of the counter electrode member 22 are arranged
alternatively in parallel with each other, and the second
counter electrode plates 22¢ of the counter electrode
member 22 and high-tension electrode plates 23b of the
high-tension electrode member 23 are arranged alter-
natively in parallel with each other. When the discharge
electrode member 21, counter electrode member 22
and high-tension electrode member 23 are connected
to the voltage applying means, the ionizer 12 producing
corona discharge between the needle-like projections
21c of the discharge electrode member 21 and the first
counter electrode plates 22b of the counter electrode
member 22 and the collector 13 generating an electro-
static field between the second counter electrode plates
22¢ of the counter electrode member 22 and the high-
tension electrode plates 23b of the high-tension elec-
trode member 23 are constructed.

[0016] In order to prevent waste of the needle-like pro-
jections 21¢, it is preferable to apply negative voltages
to the discharge electrode member 21 and high-tension
electrode member 23 and to connect the counter elec-
trode member 22 to the earth. The voltage applying
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means is constructed to apply a high DC voltage of 3-6
kV, more preferably 4.5 kV (280 pA) to the ionizer 12 as
well as to apply a high DC voltage of 2-4 kV, more pref-
erably 2.2 kV to the collector 12.

[0017] Upon operating the air cleaning apparatus of
the present embodiment, the operating section 11f is
operated to start the fan 15 and at the same time nega-
tive voltages are applied to the discharge electrode
member 21 and high-tension electrode member 23 from
the voltage applying means. Then, an air steam is intro-
duced from the air inlet openings 11d of the casing 11,
flows through the air conduit openings 21d of the dis-
charge electrode member 21, air conduit openings 22d
of the counter electrode member 22, air conduit open-
ings 23¢ of the high-tension electrode member 23, and
is exhausted to the external through the air outlet open-
ings 11e of the casing 11.

[0018] During this circulation, the corona discharge is
produced between the needle-like projections 21c¢ of the
discharge electrode member 21 and the first electrode
plates 22b of the counter electrode member 22 in the
ionizer 12, and particles in the air such as dusts, bacte-
ria and odor substances are charged. At the same time,
an ozone gas is produced. The charged particles are
captured by a Coulomb's force within the collector 13
due to an electrostatic field generated between the
high-tension electrode plates 23b of the high-tension
electrode member 23 and the second counter electrode
plates 22¢ of the counter electrode member 22. In this
manner, the air stream introduced from the air inlet
openings 11d is cleaned and the thus cleaned air is
exhausted from the air outlet openings 11e.

[0019] Fig. 8 is a perspective view showing a second
embodiment of the air cleaning apparatus 40 according
to the invention. Within a casing 41, there are arranged
a pre-filter 42, an ionizer 43, a collector 44, an ozone
decomposing filter 45 and a fan 46. The pre-filter 42,
ionizer 43, collector 44 and ozone decomposing filter 45
have a substantially arcuate lateral cross section sur-
rounding the fan 46. The casing 41 comprises a bottom
plate 41a, side plates not shown, air inlet openings 41d,
air outlet openings 41e, an operating section not shown,
a rear guide 41h and a diffuser 11i like as the previous
embodiment.

[0020] As shown by a perspective view of Fig. 9, the
ionizer 43 is constructed by a combination of a dis-
charge electrode member 52 and a counter electrode
member 52, and the collector 44 is formed by a combi-
nation of the counter electrode member 52 and a high-
tension electrode member 53.

[0021] The discharge electrode member 51 is formed
by an electrically conductive metal plate like as the first
embodiment, and includes a plurality of arcuate elec-
trode plates 51a surrounding the fan 46, connecting
plates 51b connecting respective ends of the discharge
electrode plates 51a, a number of needle-like projec-
tions 51¢ provided on upper edges of the discharge
electrode plates 51a, and a plurality of air conduit open-
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ings 51d provided between successive discharge elec-
trode plates 51a.

[0022] The counter electrode member 52 is made of
an electrically conductive resin like as the first embodi-
ment, and includes a plurality of arcuate first counter
electrode plates 52a which are arranged between suc-
cessive discharge electrode plates 51a of the discharge
electrode member 51 in parallel with each other within
the air conduit openings 51d, connecting plates 52b
connecting respective ends of these first counter elec-
trode plates 52a, arcuate second counter electrode
plates 52¢ whose number is identical with or larger than
that of the first counter electrode plates 52a and which
extend downwardly from lower edges of the first counter
electrode plates 52a, and air conduit openings 52d
formed between successive first counter electrode
plates 52a as illustrated in Fig. 11.

[0023] The high-tension electrode member 53 is also
made of a semiconductive resin like as the first embod-
iment, and comprises a plurality of substantially arcuate
high-tension electrode plates 53a arranged in parallel
with the second counter electrode plates 52¢ of the
counter electrode member 52, connecting plates 53b
connecting respective ends of these high-tension elec-
trode plates 53a, and air conduit openings 53¢ formed
between successive high-tension electrode plates 53a
as shown in Fig. 12.

[0024] It should be noted that the air cleaning appara-
tus 40 of the second embodiment has similar function to
that of the first embodiment.

[0025] The above explained embodiments have the
following advantageous effects. It should be noted that
the following explanation will be referred to the first
embodiment, but the same is applied to the second
embodiment.

(a) Since the ozone decomposing filter 14 is
arranged to surround the fan 15, the upper surface
of the ionizer 12 is formed to extend along the cas-
ing 11 and the lower surface of the collector 13 is
formed to extend along the ozone decomposing fil-
ter 14, a dead space within the casing 11 can be
reduced and the apparatus can be compact.

(b) Since the bottom plate 11a of the casing 11 is
flat and a height of the top of the top plate 11b is
smaller than a shorter width of the bottom plate
11a, a dead space within the casing 11 be saved,
the apparatus can be compact and is not liable to
be turned.

(c) Since the top plate 11b is formed to be arcuate
and the air inlet and outlet openings 11d and 11e
are formed in the top plate 11b, the air can be flown
smoothly from the air inlet openings 11d to the air
outlet openings 11e and a loss of the air stream can
be reduced.

(d) Since the relatively heavy fan 15 and its driving
motor are arranged at a lower portion of the collec-
tor 13, the apparatus is hardly turned when the
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apparatus is installed such that the bottom plate
11a is directed downward.

(e) Since the needle-like projections 21¢ of the dis-
charge electrode member 21 can be formed from
an electrically conductive metal plate by a press as
an integral unit body and the counter electrode
member 22 and high-tension electrode member 23
can be made of a synthetic resin, a manufacturing
cost can be reduced.

(f) Since the high-tension electrode member 23 is
made of a semiconductive resin having a hygro-
scopic property, even if electrically conductive parti-
cles are contained in an air, a displacement of
electrostatic charge on the high-tension electrode
member 23 can be limited by a resistance and a
generation of spark can be prevented.

(9) By applying a voltage of 2-4 kV to the high-ten-
sion electrode member 23, a decease in its resist-
ance can be suppressed such that a high voltage
can be applied and a generation of spark can be
prevented and a collection can be performed effec-
tively.

(h) The known air cleaning apparatus is liable to be
fallen down and thus it is quite dangerous to place
it on a rocker. The air cleaning apparatus 10 of the
embodiment of the present invention can be stably
placed on an upper surface 61a of a locker 61 as
shown in Fig. 13 and a space can be utilized effec-
tively.

(i) When the apparatus is installed at a level slightly
lower than the level of vision L of a user H sitting on
a chair as depicted in Fig. 14, the cleaned air can
be effectively supplied to the user H sitting on a
chair without disturbing a sight of the user H and a
circulation of air in a room.

(i) As shown in Fig. 15, even if the air cleaning
apparatus is placed on an upper surface of a rela-
tively tall locker 62, it is still stable, and therefore the
clean air can be spread over a wide range in a room
without disturbing a circulation within a room.

(k) By providing a flange 63 or legs 64 extending
from one end plate 11c of the casing 11 as illus-
trated in Fig. 16, the air cleaning apparatus can be
installed such that the bottom plate 11a is perpen-
dicular to floor 65 or two apparatuses can be
arranged such that their sides are faced to each
other.

(1) As shown in Fig. 17, by proving hooks 66, 67
extending from the bottom plate 11a or end plate
11¢ of the casing 11, the air cleaning apparatus can
be hung from a partition.

(m) As illustrated in Fig. 18, the air cleaning appara-
tus can be installed on a wall of a room by securing
its bottom plate 11a of the casing 11 to the wall.

Industrial Applicability

[0026] As explained above, in the air cleaning appara-
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tus according to the invention, the charging and collect-
ing section is arranged to surround the fan, and
therefore the apparatus can be compact and the air
stream can be smoothly flown from the air inlet open-
ings to the air outlet openings.

Claims

1. Anair cleaning apparatus comprising a casing hav-
ing air inlet openings and air outlet openings, a fan
provided within said casing and flowing an air
stream from said air inlet openings to said air outlet
openings; and a charging and collecting section
arranged between said air inlet openings and said
fan such that the charging and collecting section
surrounds said fan and particles in an air are
charged and charged particles are collected.

2. An air cleaning apparatus as claimed in claim 1,
wherein said charging and collecting section has a
substantially arcuate lateral cross section.

3. An air cleaning apparatus as claimed in claim 1,
wherein said charging and collecting section is con-
structed by a combination of a discharge electrode
member, a counter electrode member and a high-
tension electrode member, said counter electrode
member is made of an electrically conductive resin
having a specific volume resistance not higher than
107 Qcm, and said high-tension electrode member
is made of a semi-conductive resin having a spe-
cific volume resistance of 1079-10'% Qcm.

4. An air cleaning apparatus as claimed in claim 1,
wherein said casing includes a flat bottom plate and
a top plate whose lateral cross section is substan-
tially arcuate such that the casing has a semi-cylin-
drical configuration as a whole, and said air inlet
and outlet openings are formed in said top plate.

5. An air cleaning apparatus as claimed in claim 3,
wherein said discharging and collecting section has
an outer configuration which follows a substantially
arcuate top plate of the casing.

6. An air cleaning apparatus as claimed in claim 3,
wherein the apparatus further comprises a means
for supporting the apparatus in such a posture that
the bottom plate of the casing is perpendicular to a
floor surface.

7. An air cleaning apparatus as claimed in claim 3,
wherein the apparatus further comprises a means
for supporting the apparatus such that the bottom
plate of the casing is urged against a wall of a room.

8. An air cleaning apparatus as claimed in claim 1,
wherein said fan is formed by a lateral flow fan.
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