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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims the ben-
efit of priority from Japanese Patent Application No.
2012-183296, filed in Japan on August 22, 2012.

[Technical Field]

[0002] The presentinvention relates to a discharge de-
vice that efficiently removes and inactivates bacteria, fun-
gus, viruses, and the like suspended in a room.

[Background Art]

[0003] In some conventional discharge devices that
cause electric discharge and form an electric field, an air
channel is formed inside a housing and a plurality of con-
ductive plates are provided at spaces from each other
across the channel obliquely, so that the pressure loss
decreases (for example, see Patent Literature 1).
[0004] In some discharge devices, a plurality of V-
shaped bent counter electrodes are employed in the de-
vice using a positioning members or the like, so that the
air cleaning performance improves (for example, see
Patent Literature 2).

[0005] WO 2013/054428 A1isdirected toanapparatus
for generating electric filed and electric discharge. This
apparatus is provided with a discharge electrode, a coun-
ter electrode, an upper frame, a lower frame, upper ribs,
and lower ribs. The counter electrode comprises plate-
shaped electrode units. The electrode units are opposed
to the discharge electrode. The discharge electrode and
the counter electrode are disposed between the upper
frame and the lower frame. The upper ribs are provided
on the upper frame. The upper ribs are opposed to the
electrode units on one side from the upper frame side.
The lower ribs are provided on the lower frame. In order
to retain the positions of the electrode units between the
lower ribs and the upper ribs, the lower ribs are opposed
to the electrode units on the other side from the lower
frame side.

[0006] EP 2865 952 A1 is directed to a wall-mounted
air conditioner in which an air cleaning device can be
easily and reliably secured. The air conditioner includes:
a body including an inlet port in an upper portion and an
air blowing port in a lower portion; a lid provided in a front
portion of the body; a fan that is provided in the body,
takes air from the inlet port and supplies the air to the air
blowing port; a heat exchanger provided between the
inlet port and the fan; a filter provided so as to cover the
heat exchanger from a side of the lid; a securing frame
provided between the filter and the heat exchanger; and
an air cleaning device placed on the securing frame on
a side of the filter, wherein only when the air cleaning
device placed on the securing frame on the side of the
filter is incompletely placed, the air cleaning device is
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pressed by the filter pressed by the lid that is closed and
thus secured to the securing frame.

[0007] JP 2008-284412 Ais directed to an electric pre-
cipitation and sterilization unit and an air conditioner
equipped with it. The problem to be solve is to provide
an electric precipitation and sterilization unit which ena-
bles an electric precipitation function and an ozone gen-
erating function to be independently used under an op-
timal condition and which has a low cost. The solution is
that an electric precipitation unit part, a sterilization unit
part, and a power source part are installed in a case. The
electric precipitation unit part and the sterilization unit
part respectively have a high-voltage receiving plate
which can receive a plus and minus high voltage. A high-
voltage source which can output a plus and minus high
voltage is fitted to the power source part. A plus high
voltage is applied to the high-voltage receiving plate of
the electric precipitation unit part, and a minus high volt-
age is applied to the high-voltage receiving plate of the
sterilization unit part. The electric precipitation unit part
and the sterilization unit part can be detached from the
power source part, and both of them can be separated.
[0008] US 2007/0028775 A1 is directed to a device for
ionizing particles carried in an airflow, for ventilation,
heating, and/or air-conditioning system in particular. The
object ofthe invention of US 2007/0028775 A1is a device
forionizing particles carried in an airflow circulatinginside
a system, this device including at least two electrodes
held by a chassis and connected, respectively, to the
corresponding terminals of a polarized electrical power
supply. Two adjacent first electrodes are arranged on
either side of a second electrode, which is formed from
at least one conductor cable. The latter is hooked onto
fingers that are designed as an elastic part for tensioning
the conductor cable and that are held by the chassis.

[Citation List]
[Patent Literature]
[0009]

[Patent Literature 1] Japanese Examined Utility
Model Registration No. 2-48047

[Patent Literature 2] Japanese Unexamined Patent
Application Publication

[Summary of Invention]
[Technical Problem]

[0010] In some conventional discharge devices that
cause electric discharge and form an electric field, coun-
ter electrodes are set oblique to the air channel so that
the pressure loss decreases. In such devices, since the
counter electrodes are formed separately, problems
arise, for example, the assembly takes time, the number
of components increases, and the plurality of counter
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electrodes cannot be fixed to a fixing member easily.
[0011] If a counter electrode portion is formed as a sin-
gle component by cutting out from a flat plate, the pres-
sure loss increases because of the belt portions of the
counter electrode portion. When the counter electrode
portion is formed of a resin, it can be formed to have an
arbitrary shape. However, a conductive resin incorporat-
ed with carbon or the like to substitute a metal is expen-
sive and cannot conduct electricity stably.

[0012] It is an object of the present invention to de-
crease the pressure loss. It is another object of the
present invention to provide a compact device.

[Solution to Problem]

[0013] Adischarge device according to the present in-
vention is defined by the independent claim 1 and it in-
cludes a low-potential counter electrode constituted by
atleastthree flat-plate portions, a first connecting portion,
and a second connecting portion which are integrally
formed of one conductive plate body, the at least three
flat-plate portions having elongated shapes and forming
flat plates disposed almost parallel to each other, the first
connecting portion serving to connect one-end portions
of the elongated shapes of the at least three flat-plate
portions, the second connecting portion serving to con-
nect the other-end portions of the elongated shapes of
the at least three flat-plate portions; and

a high-voltage-side discharge electrode which forms a
wire, is arranged to extend among adjacent ones of the
flat-plate portions in a lengthwise direction of the elon-
gated shapes, and has a potential higher than the poten-
tial of the counter electrode.

[Advantageous Effects of Invention]

[0014] Accordingtothe presentinvention, the pressure
loss can be decreased by appropriately selecting the
shape of the counter electrode. Hence, the passing air
volume increases, and the performance of the discharge
device per hour improves. Also since the creeping dis-
tance between the discharge electrode and the first and
second connecting portions of the counter electrode can
be increased, the discharge device can be made com-
pact.

[Brief Description of Drawings]

[0015] The present invention will become fully under-
stood from the detailed description given hereinafter in
conjunction with the accompanying drawings, in which:

Fig. 1is a perspective view of an air conditioner 3000
of Embodiment 1;

Fig. 2 shows a state wherein adischarge device 1000
of Embodiment 1 is mounted in the air conditioner
3000;

Fig. 3 shows a section taken along a line F - F of Fig.
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2 of the air conditioner 3000 of Embodiment 1;

Fig. 4 is an exploded view of the discharge device
1000 of Embodiment 1;

Fig. 5 is an exploded view of a support portion as-
sembly 2000 of Embodiment 1;

Fig. 6 is a top view of the discharge device 1000 of
Embodiment 1 from which a prefilter 100 and an up-
per frame 200 are removed;

Fig. 7 shows a section taken along a line A - A of
Fig. 4;

Fig. 8 is a perspective view of a counter electrode
700 of Embodiment 1;

Fig. 9 shows sections respectively taken along lines
B -B and C - C of Fig. 8;

Fig. 10 is a perspective view of a conventional coun-
ter electrode;

Fig. 11 shows a section taken along a line D - D of
Fig. 10, and a section of a connecting portion shown
in Fig. 10;

Fig. 12 shows the positional relationship between
the counter electrode 700 and the discharge elec-
trode 300 of Embodiment 1 (sections each taken
along the line C - C of Fig. 8);

Fig. 13 includes perspective views respectively
showing a right intermediate frame 500 and a left
intermediate frame 600 of the Embodiment 1;

Fig. 14 shows the left intermediate frame 600 and a
lower frame 800 of Embodiment 1 which are assem-
bled together;

Fig. 15 shows a spring attaching portion of Embod-
iment 1 in detail;

Fig. 16 shows drain holes 842a and 842b in the lower
frame 800 of Embodiment 1;

Fig. 17 is a perspective view of the lower frame 800
of Embodiment 1;

Fig. 18 shows an extending portion 507 of Embodi-
ment 1;

Fig. 19 also shows the extending portion 507 of Em-
bodiment 1;

Fig. 20includes views showing the creeping distance
between a low-voltage-side connecting portion 710
and a high-voltage-side supply terminal 709 of Em-
bodiment 1;

Fig. 21 shows a discharge electrode 300 of Embod-
iment 1;

Fig. 22 is a perspective view showing another exam-
ple of the counter electrode 700 of Embodiment 1;
Fig. 23 shows the relationship among a connecting
portion 733 of the counter electrode 700, an upper
rib 201, and a lower rib 844 of Embodiment 1;

Fig. 24 is a perspective view showing the discharge
device 1000 (from which the upper frame 200 is re-
moved) of Embodiment 1;

Fig. 25 is a perspective view showing counter elec-
trode contact ribs 202 formed on the lower side of
the upper frame 200 of Embodiment 1; and

Fig. 26 is a sectional view for explaining the function
of the counter electrode contact ribs 202 of Embod-
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iment 1.
[Description of Embodiments]

[0016] Indescribing preferred embodimentsillustrated
in the drawings, specific terminology is employed for the
sake of clarity. However, the disclosure of the present
invention is not intended to be limited to the specific ter-
minology so selected, and itis to be understood that each
specific element includes all technical equivalents that
operate in a similar manner and achieve a similar result.

Embodiment 1.

[0017] A discharge device 1000 of Embodiment 1 will
be described with reference to Figs. 1 to 26. The dis-
charge device 1000 is employed in, for example, an air
conditioner, and inactivates airborne germs and viruses
contained in the air. Fig. 1 is a perspective view of an air
conditioner 3000 in which the discharge device 1000 is
to be mounted. Fig. 2 is a view showing a state wherein
the discharge device 1000 of Embodiment 1 is mounted
in the air conditioner 3000. Note that in Fig. 2, a panel
3070 of the air conditioner 3000 of Fig. 1 is removed. Fig.
3 shows a section taken along a line F - F of Fig. 2.
[0018] Fig. 4 is an exploded perspective view of the
discharge device 1000 of Embodiment 1 which causes
electric discharge and forms an electric field. Fig. 5 is an
exploded view of a support portion assembly 2000. The
support portion assembly 2000 is constituted by the dis-
charge device 1000, a support portion 1500, a high-volt-
age substrate 1530, a support-side high-voltage terminal
1570, a support-side low-voltage terminal 1560, and a
high-voltage substrate cover 1540. The high-voltage
substrate 1530, support-side high-voltage terminal 1570,
and support-side low-voltage terminal 1560 are related
to the support portion 1500. The high-voltage substrate
1530, support-side high-voltage terminal 1570, and sup-
port-side low-voltage terminal 1560 are attached to the
support portion 1500 using the high-voltage substrate
cover 1540. Fig. 6 is a top view of the discharge device
1000 from which a prefilter 100 and an upper frame 200
are removed. Fig. 7 shows a section taken along a line
A - A of Fig. 4 (or Fig. 6). As shown in Figs. 6 and 7, the
long-side side of the discharge device 1000 corresponds
to the transversal direction (X-direction in Fig. 6), the
short-side side of the discharge device 1000 corresponds
to the longitudinal direction (Y-direction in Fig. 6), and
the direction in which the upper frame 200 and the lower
frame 800 overlap corresponds to the height direction
(Z-direction in Fig. 7).

(Structure of Discharge Device 1000)

[0019] In Fig. 4, the discharge device 1000 is consti-
tuted by the prefilter 100, the upper frame 200, a metal
discharge electrode 300, metal springs 400, a right inter-
mediate frame (upper holding frame) 500, a left interme-
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diate frame (upper holding frame) 600, a metal counter
electrode 700, a metal high-voltage-side supply terminal
709, a low-voltage-side connecting portion 710, and the
lower frame 800 sequentially in the direction of air flow
(from top to bottom in Fig. 4). The prefilter 100 is formed
by insert-molding a net into a resin frame. The upper
frame 200 is made of an insulating resin. A high voltage
is applied to the discharge electrode 300. The springs
400 serve to pull the discharge electrode 300. The right
intermediate frame 500 and the left intermediate frame
600 are located between the upper frame 200 and the
lower frame 800. The counter electrode 700 serves as a
GND electrode (0 V). The high-voltage-side supply ter-
minal 709 supplies a high voltage of 3 to 7 kV to the
discharge electrode 300, and is connected to the high-
voltage substrate 1530. The low-voltage-side connecting
portion 710 is connected to a GND wire (not shown). The
lower frame 800 is made of an insulating resin.

(Function of Discharge Device 1000)

[0020] As shown in Fig. 4, the discharge device 1000
is a charging device essentially constituted by the dis-
charge electrode 300 and the counter electrode 700, and
is not provided with a dust collecting portion. As shown
in Fig. 7, an air flow flows into the upper frame 200 from
above and flows out of the lower frame 800 downward
through a discharge space and an electric field space (a
portion around a wire 303 in (b) of Fig. 12) which are
formed by the discharge electrode 300 and the counter
electrode 700. The airborne viruses and airborne germs
are inactivated as they are exposed to the electric dis-
charge while passing through these spaces. Being ex-
posed to the electric discharge means that components
in the air are excited by the high voltage and are bom-
barded against each other while they are imparted with
energy. Also, when subjected to a high-voltage electric
field, polarization charges are generated in the cell mem-
branes of the germs to form pores in the cell membranes,
followed by formation of unrecoverable holes. This
renders the germs to be inactivated easily. The viruses
are also easily inactivated if they are under the influence
of the electric field, because they are affected by the elec-
tric discharge strongly. Therefore, even when a charging
device is constituted by only the discharge electrode 300
and counter electrode 700 and not provided with a dust
collecting portion, it strongly affects the viruses and
germs passing through the charging device, even though
the dust collecting performance may be inferior to that of
a two-stage dust collector constituted by a charging por-
tion and a dust collecting portion. Hence, the discharge
device 1000 efficiently inactivates the viruses and germs
passing through it.

(Pressure Loss of Discharge Device 1000)

[0021] Since the discharge device 1000 includes only
a charging device, as described above, it has a small
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thickness in the direction of depth (a height Z in Fig. 7 is
small) and can be formed to produce a very small pres-
sure loss, unlike a two-stage air cleaning device consti-
tuted by a charging device and a dust collector. The dis-
charge device 1000 has a pressure loss of approximately
1 Pa when the passing air speed is 1 m/s. This pressure
loss is about 1/10 that of a medium-performance filter
and is about 1/30 that of an HEPA filter. Hence, the dis-
charge device 1000 is a low-pressure-loss body.

(Effect of Discharge Device 1000: Space Saving and
Pressure Loss Improvement)

[0022] The air conditioner 3000 shown in Fig. 3 is pro-
vided with a suction port 3061, a blowout port 3062, a
heat exchanger 3060, and a blower fan 3063. The air
conditioner 3000 has a cross-flow fan as the blower fan
3063. Like the air conditioner 3000, an air conditioner
having a blower fan 3063, particularly a cross-flow fan,
is inferior in terms of pressure loss. Hence, if the dis-
charge device 1000 is set upstream of the heat exchang-
er 3060 and downstream of an air conditioner prefilter
which is a coarse filter set on the suction port 3061 side,
it is preferable in improving the pressure loss. Arrows
3011 in Fig. 3 indicate the air flow. By setting the dis-
charge device 1000 between the suction port 3061 and
the heat exchanger 3060, the airborne viruses and air-
borne germs are inactivated without largely interfering
with the aerodynamic performance of the air conditioner
3000, so that clean air can be blown from the blowout
port 3062.

(Effect of Discharge Device 1000: Heat Exchanger 3060
Positioned Upstream)

[0023] As in the discharge device 1000, if only the
charging device is included, the dust can be electrified
and adsorbed by the heat exchanger 3060 provided in
the slip stream. As the discharge device 1000 is set up-
stream of the heat exchanger 3060, the discharge device
1000 will not be affected by the relatively humid air having
passed through the heat exchanger 3060. Thus, abnor-
mal electric discharge due to water will not occur, which
ensures safety. As the discharge device 1000 is set
downstream of the prefilter 3064, large-particle dust will
not cause clogging easily between the high-voltage elec-
trode and low-voltage electrode.

(Support Portion 1500)

[0024] When setting the discharge device 1000 in the
air conditioner 3000, the discharge device 1000 is set on
the support portion 1500 provided upstream of the heat
exchanger 3060, as shown in Figs. 2 and 5. The support
portion 1500 accommodates the high-voltage substrate
1530, the support-side high-voltage terminal 1570 to be
connected to the high-voltage substrate 1530, and the
support-side low-voltage terminal 1560 to be connected
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to the high-voltage substrate 1530. The discharge device
1000 is set on the support portion 1500 through the sup-
port-side high-voltage terminal 1570 and the support-
side low-voltage terminal 1560. A plurality of catch por-
tions 1514 are provided on the rear surface of the support
portion 1500. The support portion 1500 is fixed to the
heat exchanger 3060 by applying or hooking the catch
portions 1514 to a pipe provided to a refrigerant pipe (not
shown).

(Attaching Relationship between Support Portion 1500
and Panel 3070)

[0025] As shown in Fig. 5, the support portion 1500
has a screwed portion 1522 on its right end portion, and
is fixed with a screw to a screw fixing portion formed on
the right end of the heat exchanger 3060. The support
portion 1500 has, on its left end portion, a panel contact
portion 1518 located at almost the center of the air con-
ditioner 3000 (Fig. 2). A recess 3071 (not shown) that
matches the shape of the panel contact portion 1518 is
formed in a rear-side surface, which opposes the heat
exchanger 3060, of a panel 3070 (Fig. 1) that covers the
heat exchanger 3060. The recess 3071 is brought into
contact with the panel contact portion 1518, and the left
end of the support portion 1500 is fixed by the recess
3071 formed in the panel 3070 so as not to move in the
height direction. Hence, the right end of the support por-
tion 1500 is fixed to the right end of the heat exchanger
3060 by screwing, and the left end of the support portion
1500 is fixed by the recess 3071. Therefore, when re-
moving the discharge device 1000 from the support por-
tion 1500, the support portion 1500 will not disengage
from the heat exchanger 3060. Since the support portion
1500 is fixed at its two ends, the discharge device 1000
can be easily removed out from the support portion 1500
by pulling. A quadrangular opening portion 1519 is
formed in the support portion 1500 between the portion
to set the discharge device 1000 and the panel contact
portion 1518. This decreases the pressure loss. An upper
rib 1520 and a lower rib 1521 which define the opening
portion 1519 are inclined with respect to the lower frame
800, and to be almost parallel to the direction of air flow
from the suction port. The upper rib 1520 and the lower
rib 1521 are inclined to be almost parallel to the vertical
direction as well. This formation can also decrease the
pressure loss of the upper and lower ribs.

(Handle Portion 211 of Upper Frame 200)

[0026] As shown in Fig. 4, a handle portion 211 is at-
tached to the upper frame 200. The handle portion 211
allows the user to hold the discharge device 1000 with
his or her hands when removing it from the support por-
tion 1500. The handle portion 211 is formed at the lower
end portion of the upper frame 200 to have a U-letter
shape. The handle portion 211 provided to the discharge
device 1000 has no grid, so that the user can grip the
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handle portion 211 easily and can insert his or her hand
deep into the air conditioner 3000 even if the user’s hand
is large. On the contrary, in the air conditioner 3000 load-
ed with the discharge device 1000, if the handle portion
211 has no grid, the user may accidentally touch the heat
exchanger 3060 behind the discharge device 1000 and
get hurt. In view of this, a grid portion 1512 having a
plurality of vertical bars is provided to the support portion
1500 where the discharge device 1000 is to be set. This
prevents the user’'s hand from getting hurt by the heat
exchanger 3060. The grid portion is lower (nearer to the
heat exchanger side) than in a case where the handle
portion 211 has a grid. The user can thus insert his or
hand deep into the air conditioner 3000 so that the dis-
charge device 1000 can be attached/detached easily.
Since the grid of the grid portion 1512 is positioned to be
slightly lower than the height of the lower end portion of
the support portion 1500 (to be near to the heat exchang-
er), the user can insert his or her hand much deeper, so
thatthe discharge device 1000 can be attached/detached
further easily.

(Catch Portions 1514)

[0027] The support portion 1500 is provided with the
catch portions 1514 (Fig. 5 shows two catch portions
1514) on the rear side of the grid portion 1512, to be
integral with the grid portion 1512. By applying or hooking
the catch portions 1514 to the pipe provided to the refrig-
erant pipe, the catch portions 1514 can serve as index
marks for assembly, facilitating the assembly. Particular-
ly, since the catch portions 1514 are formed on the rear
side of the grid portion 1512 located under the support
portion 1500, the user can visually check the support
portion 1500 easily. Thus, the user can place the support
portion 1500 easily toward the upper side of the heat
exchanger 3060 from the front side of a bend portion
located at the lower end of the heat exchanger 3060 on
the upper portion of the front surface of the air conditioner
3000. When pulling out the discharge device 1000 from
the support portion 1500, the lower portion of the support
portion 1500 will not become loose, because it is fixed
by the catch portions 1514, so that the discharge device
1000 can be attached/detached easily. If the catch por-
tions 1514 are applied or hooked to the pipe located at
the lowest position of the heat exchanger 3060 on the
upper portion of the front surface of the air conditioner
3000, assembly is facilitated.

(Prefilter 100, Lower Frame 800)

[0028] The prefilter 100 (Fig. 4), with a coarse net hav-
ing approximately 30 warp threads and 30 weft threads
per square inch, is formed by insert-molding the net into
aresin frame, and prevents large dirt particles from flow-
ing into the discharge device 1000. The upper frame 200
forms a grid with a plurality of openings as small as not
allowing a finger to enter. While allowing air communica-
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tion, this prevents the user from touching the discharge
electrode 300 or the counter electrode 700 from above.
The lower frame 800 also forms a grid with a plurality of
openings as small as not allowing a finger to enter, and
allows air communication. The lower frame 800 has lower
ribs 844 (Fig. 17). As shown in Fig. 4, the counter elec-
trode 700 is set on the lower frame 800, and the lower
frame 800 holds the counter electrode 700. The lower
frame 800 has the ribs (Fig. 17) of a low-voltage terminal
holding portion 840 (Fig. 16) and a high-voltage terminal
holding portion 841 (Fig. 16), respectively. These ribs
hold the low-voltage-side connecting portion 710 and the
high-voltage-side supply terminal 709.

(Right Intermediate Frame 500, Left Intermediate Frame
600)

[0029] As shownin Fig. 4, the right intermediate frame
500 and the left intermediate frame 600 are provided be-
tween the upper frame 200 and the lower frame 800. The
right intermediate frame 500 and the left intermediate
frame 600 fix connecting portions 733 (Fig. 4; to be de-
scribed later) of the counter electrode 700 set on the low-
er frame 800, by retaining from above. In the following
description, when referring to both the intermediate
frames 500 and 600, they will be collectively called merely
the "intermediate frame". When the two intermediate
frames need be distinguished, they will be referred sep-
arately to as the right intermediate frame 500 and the left
intermediate frame 600. The intermediate frame has fold-
back portions 680 (Fig. 14; to be described later) where
the wire-like discharge electrode 300 is to be folded back.
Each fold-back portion 680 catches the wire-like dis-
charge electrode 300 and switches it by 180°.

[0030] Fig.6isatop view of the discharge device 1000.
Fig. 7 shows a section taken along a line A-A of Fig. 6.
The counter electrode 700 is disposed parallel to the dis-
charge electrode 300 to oppose it at a predetermined
distance. The high-voltage-side supply terminal 709 is
fixed to the rib (the high-voltage terminal holding portion
841 in Figs. 16 and 17) provided to the lower frame 800.
The high-voltage-side supply terminal 709 has one con-
tact portion with respectto the high-voltage power supply,
and two spring fixing portions. The high-voltage-side sup-
ply terminal 709 is formed of a thick stainless plate or the
like of approximately 0.5 t, and with its V-shape-notched
catch portions 709a (Fig. 4) catches the end portions of
the springs 400 (Fig. 6). The high-voltage-side supply
terminal 709 (Fig. 4) is urged against the lower frame 800
by the lower surface of the intermediate frame and fixed
there. The catch portion 709a exposes in the height di-
rection of the discharge device 1000 through the notched
portion of the intermediate frame.

[0031] The discharge electrode 300 shown in Figs. 4
and 21 is a wire (wire-shaped body) having a circular or
rectangular section. As shown in Fig. 21, the discharge
electrode 300 is constituted by terminals 301, tubes 302,
and a wire 303. As shown in Fig. 21, one terminal 301
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and one tube 302 are provided to each end of the wire
303. As shown in Figs. 6 and 14, the wire 303 of the
discharge electrode 300 is folded at the fold-back por-
tions 680 (Fig. 14) of the intermediate frame. As shown
in Fig. 6, the terminals 301 at the two ends of the wire
303 are respectively attached to the catch portions 709a
of the high-voltage-side supply terminal 709 through the
springs 400. High-voltage wires from the high-voltage
substrate 1530 are attached to terminals 301 of the dis-
charge electrode 300 via the high-voltage-side supply
terminal 709. As shown in Fig. 6, by folding back, the
wire 303 forms a plurality of arrays in the transversal di-
rection of the discharge device 1000. In Fig. 6, the wire
303 forms four arrays. The discharge electrode 300 is
made of a metal such as tungsten, copper, nickel, stain-
less steel, zinc, iron, or molybdenum; an alloy mainly
containing such metal; or such metal plated with a pre-
cious metal such as silver, gold, or platinum.

(End Portion of Discharge Electrode 300)

[0032] Asdescribed above, ring-shaped terminals 301
for catching on the springs 400 are attached to the two
end portions of the discharge electrode 300 (Figs. 6 and
21). The springs 400 apply tension to the terminals 301
so the discharge electrode 300 will not droop down. The
terminals 301 are bonded to or held by the wire 303 as
shown in Fig. 6 by, for example, a caulking technique of
pinching the wire 303 of the discharge electrode 300 with
the terminals 301 and applying a pressure to the termi-
nals 301, or spot welding of melting the terminals 301
with an applied current, as indicated in Fig. 21. The dis-
charge electrode 300 is attached by folding back via the
left intermediate frame 600 and right intermediate frame
500, approximately once each time an array adds, as
shown in Figs. 6 and 14. Hence, the discharge electrode
300 is folded back a plurality of number of times in total.
When the discharge electrode 300 is folded back, it is
supported by the fold-back portions 680 of the left inter-
mediate frame 600 and right intermediate frame 500.

[0033] Since the material of the wire 303 of the dis-
charge electrode 300 must have a high tensile strength,
tungsten (chemical symbol: W) is often employed, in the
same manner as with the filament of an incandescent
lamp. Stainless steel is often employed as the material
of the terminals 301 because of its versatility. Among
stainless-steel-based materials, SUS304 which is most
versatile is often employed. The wire 303 and the termi-
nals 301 are fixed by the caulking technique, spot weld-
ing, or the like so that they will not be torn off when they
are pulled by the springs 400 or the like. A potential dif-
ference of +0.36 V or more, however, exists between
tungsten and SUS304. In a high-humidity atmosphere or
in the presence of a singular acceleration factor, galvanic
corrosion may undesirably occur. With the combination
of tungsten and SUS304, the tungsten side has a lower
potential (minus potential). When galvanic corrosion
should occur, the tungsten side melts as it forms an oxide
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such as WO,(2), and eventually the wire breaks to lose
its function. Since WO42) has a very high solubility, it
dissolves in moisture attached to the surface of the wire
303. This increases the ion current (increases the con-
ductivity) on the surface of the wire 303 and accelerates
corrosion of tungsten.

[0034] In view of this, in the discharge electrode 300
of this embodiment, the terminals 301 are formed by plat-
ing the surfaces of the terminals 301 made of tin (chem-
ical symbol: Sn), nickel (chemical symbol: Ni), or stain-
less steel, with tin or nickel. Then, the potential difference
of +0.36 V present between the dissimilar metals of the
tungsten wire 303 and the terminals 301 reduces to-0.11
V if the terminals 301 are made of tin or plated with tin,
and further down to -0.01 V if the terminals 301 are made
of nickel or plated with nickel. In either case, since the
potential difference is very small, the possibility of corro-
sion is extremely small. Since the terminal 301 sides have
a low potential (minus potential), they serve as sacrificial
electrodes, and corrosion will not proceed on the tung-
sten sides. As a tin oxide and a nickel oxide have small
water solubility, they will not promote corrosion even in
the presence of an environmental factor or moisture. The
combination of the wire 303 made of tungsten and the
terminals 301 made oftin, nickel, tin-plated metal, or nick-
el-plated metal can reduce the probability of wire break-
age, thus ensuring long-term safe use of the discharge
electrode 300.

[0035] Furthermore, in the discharge electrode 300 of
this embodiment, as shown in Fig. 21, inside-adhesion
tubes are employed as the tubes 302 and are brought
into tight contact with the entire bonding portions of the
tungsten wire 303 and the terminals 301, thereby cover-
ing the entire bonding portions. An inside-adhesion tube
has a double-face, two-layer structure consisting of an
outer layer and an inner layer. For example, the outer
layer is made of a soft polyolefin resin or the like, and the
inner layer is a thermal-welding resin layer. From the
viewpoint of ion current suppression, it is desirable not
to use a material such as vinyl chloride containing an ion
component. When a heat-shrinkable material that
shrinks by 60% or more at 100°C is employed to form
the tubes 302, the tubes 302 can be tightly fixed. The
tubes 302 are fixed with heat at positions where they
cover the bonding portions of the tungsten wire 303 and
terminals 301. If the tubes 302 are longer than the bond-
ing portions of the tungsten wire 303 and terminals 301,
the tubes 302 can cover the bonding portions securely.
[0036] When an adhesive containing a waterproof
component such as silicone or an epoxy resin is em-
ployed to form the inner layer of the tubes 302, moisture
that accelerates corrosion and the like can be prevented.
As the result, the resultant structure becomes highly re-
sistant to corrosion. When an adhesive is employed to
form the inner layer, even if the wire 303 starts to corrode
and disengage from the terminals 301, the adhesive pre-
vents the positional displacement of the wire 303 and the
breakage and disconnection of the wire 303. Therefore,
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the terminals 301 can hold the wire 303 at a regulated
position for a long period of time.

[0037] Asthe tubes 302 cover the terminals 301, in the
assembling operation, the operator can assemble the
wire 303 into the device easily by holding the tubes 302
with fingers. In the vicinities of the terminals 301 connect-
ed by caulking, spot welding, or the like, the wire 303 has
a low bending strength, and can undesirably be broken
by, for example, bending or twisting in an arbitrary direc-
tion. If, however, the tubes 302 cover the terminals 301,
the bending strength improves, and the wire 303 will not
be broken even when it is bent several times in the arbi-
trary direction.

[0038] If the tubes 302 are not inside-adhesion tubes,
although a waterproof function cannot be obtained, the
bending strength is expected to improve. In this case, in
the same manner as described above, using a heat-
shrinkable material to form the inner layer of the tubes
302, the terminal 301 sides which are sufficiently wider
than the wire 303 are fixed to the tubes 302 by heat shrink-
age. Both the terminal side and the wire 303 side may
be subjected to heat shrinkage. If the wire 303 side is not
subjected to heat shrinkage, one surface does not form
a fixed end, and the bending strength can be improved
more effectively.

[0039] As described above, tungsten is used to form
the wire 303, and tin, nickel, a tin-plated metal, or a nickel-
plated metal is used to form the terminals 301. The ter-
minals 301 are covered by the tubes 302. This structure
can reduce the possibility of breakage in the discharge
electrode 300, ensuring long-term safe use of the dis-
charge electrode 300.

(Material of Counter Electrode 700, etc)

[0040] The counterelectrode 700 is formed from a met-
al such as stainless steel. Alternatively, a conductive res-
in containing carbon or the like to reduce the resistance
to approximately 104 Q/cm may be used to form the coun-
ter electrode 700. An earth wire (GND) is connected to
the counter electrode 700 by welding, caulking, or the
like, or through the low-voltage-side connecting portion
710 (Fig. 4) integrally formed with the counter electrode
700. To form the counter electrode 700, a plurality of flat
plates fabricated separately may be disposed parallel to
each other and be connected to respective metal plates
or the like. This, however, requires many fixing portions
and along assembly time. Hence, if the counter electrode
700 is to be particularly compact and low-profile, or is to
be formed with a high mass-productiveness ata low cost,
the counter electrode 700 is preferably formed from a
single component (a single member). As the conductive
resin poses issues of poor earthing and cost, it is desir-
able that the counter electrode 700 be formed from metal
(a single metal plate).
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(Structure of Counter Electrode 700)

[0041] As shown in Fig. 8, the counter electrode 700
is formed of flat-plate portions 731, belt portions 732, and
the connecting portions 733. As shown in Fig. 8, the flat-
plate portion 731 is a portion surrounded by a broken line
999, the belt portion 732 is a portion surrounded by a
broken line 998, and the connecting portion 733 is a por-
tion surrounded by an alternate long-and-two-short-
dashes line 997. The belt portion 732, being indicated to
clarify the difference with respect to the counter electrode
of Fig. 10 (to be described later), is substantially part of
the flat-plate portion 731. As shown in Fig. 8, the counter
electrode 700 is formed of the connecting portions 733
which connect the plurality of flat-plate portions 731 in
the longitudinal direction on the right and left sides of the
flat-plate portions 731. Namely, the flat-plate portions 731
have elongated shapes and form flat plates disposed al-
most parallel to each other. The connecting portions 733
consist of a first connecting portion 733R and a second
connecting portion 733L. The first connecting portion
733R connects one-end portions of the elongated shapes
of the plurality of flat-plate portions. The second connect-
ing portion 733L connects the other-end portions of the
elongated shapes of the plurality of flat-plate portions.
The first connecting portion 733R and the second con-
necting portion 733L are collectively referred to as the
connecting portion 733.

[0042] The first connecting portion 733R includes first
projecting portions 735 of the respective flat-plate por-
tions 731, and first connecting pieces 707. The first pro-
jecting portions 735 project in the lengthwise direction
from under the one-end portions of the elongated shapes
of the flat-plate portions 731. Each first connecting piece
707 is provided to two adjacent flat-plate portions 731.
The first connecting pieces 707 extend each from the
upper end of the first projecting portion 735 of the flat-
plate portion, out of the two adjacent flat-plate portions
731, whichislocated on the frontside in aline-up direction
742 along which the plurality of flat-plate portions 731
line up sequentially, and each connect to the lower end
of the first projecting portion 735 of the next flat-plate
portion 731. As with the first connecting portion 733R,
the second connecting portion 733L includes second pro-
jecting portions 736 and second connecting pieces 708.
[0043] In Fig. 12, both (a) and (b) show sections each
taken along a line C - C of Fig. 8.

[0044] As shown by (b) of Fig. 12, at least one first
connecting piece 707 has a bend portion 741 between
the upper end of the first projecting portion 735 and the
lower end of the next first projecting portion 735 so as to
form a downward convex. Similarly, at least one second
connecting piece 708 has a downwardly convex bend
portion 741. In Fig. 12, (a) shows a case where there is
no bend portion 741. When the discharge electrode 300
and the connecting portion 733 are more spaced apart
from each other as in (b) of Fig. 12 than in (a) of Fig. 12,
abnormal electric discharge and unnecessary electric



15 EP 2700 451 B1 16

discharge between the discharge electrode 300 and the
connecting portion 733 can be avoided, so that electric
discharge can be caused stably and the electric field can
be formed stably. Although the structure in (b) of Fig. 12
is preferable, the structure in (a) of Fig. 12 is acceptable.
[0045] As shown by (b) of Fig. 12, the connecting por-
tion 733 of the counter electrode 700 has, in its section,
an upper bend portion 751 which is convex toward the
upper frame 200 side (upward), and the bend portion 741
which is convex downward.

[0046] Assume a conventional structure shown in Fig.
10 in which flat-plate portions 931 (corresponding to the
flat-plate portions 731) are cut and raised from a large
plate. This structure includes belt portions 932 (Fig. 11)
which are left after the flat-plate portions 931 are cut and
raised from the metal plate, and which connect to the
corresponding flat-plate portions 931 in the longitudinal
direction and to a connecting portion 933 (corresponding
to the connecting portion 733) in the horizontal direction.
[0047] In Fig. 11, (a) shows a section (central portion)
taken along a line D - D of Fig. 10, and (b) is a side view
(indicating the connecting portion 933) seen from the C
direction of Fig. 10. In Fig. 11, (a) shows a wind direction
901.

[0048] The conventional belt portions 932 form walls
against the in-flow wind that flows at an angle, as shown
in Fig. 11. Accordingly, alarge pressure loss is generated
to increase the power consumption of the air conditioner.
From the viewpoint of pressure loss decrease, it is pref-
erable if the belt portions 932 are eliminated. If, however,
the counter electrode 700 is formed from a single com-
ponent (a single metal plate), the belt portions 932 are
inevitably formed in the manufacturing process, which is
an issue. In view of this, the present application employs
the shapes of Figs. 8 and 9.

[0049] In Fig. 9, (a) shows a section (central portion)
taken along a line B - B of Fig. 8, and (b) shows a section
(connecting portion) taken along a line C - C of Fig. 8. In
Fig. 9, (a) shows a wind direction 701.

(Counter Electrode 700)

[0050] In addition, in the discharge device 1000, in or-
dertodecrease the pressure loss of the flat-plate portions
731 of the counter electrode 700, the flat-plate portions
731 are formed to be inclined at an angle 6 with respect
to the surface of the lower frame 800 (Fig. 7) considering
the wind in-flow direction. When the flat-plate portions
731 are inclined at the predetermined angle 6 with re-
spect to the aperture areas of the upper frame 200 and
lower frame 800, the inclination of the flat-plate portions
731 of the counter electrode 700 attached to the lower
frame 800 does not interfere with the wind flow. The di-
rection of the flat-plate portions 731, being an angle 6, of
the counter electrode 700 is most desirably parallel to
the direction of the wind in-flow, being an angle 6(w)(6(w)
=0). When the difference between the angle 6 of the flat-
plate portions 731 of the counter electrode 700 and the
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wind in-flow angle 6 (w) is suppressed between 0° (par-
allel) and 30°, the influence of the pressure loss can be
decreased to a negligible level. On the contrary, if the
angle 0 of the flat-plate portions 731 is larger than the
wind in-flow angle 6 (w) by more than 30°, the power
consumption of the air conditioner 3000 is increased ob-
viously. More specifically, with the product being built in
the air conditioner, if the increase in power consumption
caused by the wind flow interference can be suppressed
to 1 W or less at the maximum air quantity, then the in-
fluence of the pressure loss can be regarded to be small.

(Shape of Discharge Electrode 300)

[0051] The diameter of the section of the discharge
electrode 300 is approximately 0.05 mm to 0.10 mm if
the wire section is circular. When a high voltage is applied
to the discharge electrode 300, as the local electric field
strength starts to exceed 10 kV/cm, electric discharge
occurs and an electric field is formed radially in 360° di-
rections. The smaller the diameter of the wire 303, the
higher the electric field strength, and the electric dis-
charge occurs easily and the electric field is formed eas-
ily. Since the sectional area decreases, the tensile
strength lowers, and the wire 303 tends to be fractured
easily.

(When Wire 303 has Rectangular Section)

[0052] As opposed to this, if the discharge electrode
300 has a rectangular wire section formed of long sides
and short sides, each long side is 0.1-mm to 1.0-mm
long, and each short side is 0.01- to 0.2-mm long. In the
wire 303 having a rectangular section, since the short
side is shorter than the long side, the electric field is con-
centrated on the short side, and the electric discharge
mostly occurs near the short side. As there are two short
sides, electric discharge occurs at two portions.

(Long-Side/Short-Side Ratio of Wire 303)

[0053] The ratio of the long side to the short side (long-
side/short-side) is about 1 to 10. By increasing this ratio,
the sectional area can be increased while keeping the
short sides (while allowing easy electric discharge). As
a result, the effect of increasing the tensile strength and
breakage resistance can be obtained while maintaining
the electric discharge. When this ratio is increased, the
sectional area can be further increased while keeping
the short sides (while allowing easy electric discharge).
As a result, the electric field occurring portion enlarges,
so that the electric field further widens. Also, the average
electric field strength covering from the discharge elec-
trode 300 to the counter electrode 700 increases. There-
fore, the effect of inactivating the airborne viruses and
airborne germs moving across the electric field space
increases.

[0054] The wire 303 of the discharge electrode 300 is
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disposed with respect to the counter electrode 700 in the
following manner. As in (b) of Fig. 12, the wire 303 is
disposed such that the long sides of the rectangle are
perpendicular (Z direction in (b) of Fig. 12) to the lower
frame 800 and that the short sides of the rectangle are
parallel (X direction in (b) of Fig. 12) to the lower frame
800. In brief, the flat-plate portions 731 are formed to be
inclined at the angle 6 with respect to the lower frame
800, while the discharge electrode 300 is set almost per-
pendicular (in parallel) to the lower frame 800 instead of
being set to be inclined with respect to the lower frame
800.

[0055] The flat-plate portion is inclined at a predeter-
mined angle 6 with respect to a virtual reference plane
752 (Fig. 7) perpendicular to a virtual plane having a di-
rection of normal that coincides with the line-up direction
742. As in (b) of Fig. 12, the wire 303 of the electric dis-
charge electrode is disposed such that the short sides of
the rectangles are almost parallel to the virtual reference
plane 752. When the wire 303 is displaced in this manner,
the wire 303 will not be fractured easily, and the electric
field strength is enhanced.

(Size of Wire 303)

[0056] If the sectional area of the wire 303 is large, the
wire of the discharge electrode 300 can be held by the
hand more easily, facilitating assembly including pulling
and bending. More specifically, if the ratio of the long side
to the short side is 3 or more, each long side is 0.2-mm
long or more, each short side is 0.03-mm long or more,
and the sectional area is 0.01 mm?2 or larger, then wire
breakage is less likely to occur, the assembly becomes
easier, and electric discharge is caused more easily in
the short sides 2b. If the ratio of the long side to the short
side is 6 or more, each long side is 0.3-mm long or more,
each short side is 0.04-mm long or more, and the sec-
tional area is 0.015 mm?2 or larger. Then, obviously, wire
breakage is less likely to occur, the assembly becomes
easier, and electric discharge is caused more easily in
the short sides 2b, than with the conventional discharge
electrode having a circular section. At this time, the elec-
tric field is not concentrated around the short sides unless
the short sides are 0.1-mm long or less. Hence, prefer-
ably, the short sides are 0.04-mm long or more and 0.1-
mm long or less. The electric field is not concentrated
around the short sides unless the long sides are 0.6-mm
long or less. Then, a large voltage of as high as 7 kV is
required to obtain the same discharge current. Hence,
preferably, the long sides are 0.3-mm long or more and
0.6-mm long or less. Under these conditions, electric dis-
charge can be caused by a voltage of 6 kV or less, and
the high-voltage power supply can be formed at a low
cost. The conventional, general discharge electrode has
a radius of 0.1 mm and a sectional area of 0.0076 mm?Z.
Hence, the plate-like discharge electrode described
above has a sectional area about twice that of the con-
ventional, general discharge electrode. Asresult, the ten-
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sile strength increases, and wire breakage is unlikely to
occur.

[0057] When the sectional area of a discharge elec-
trode having a rectangular section is increased to be larg-
er than that of a discharge electrode having a circular
section, the quantity of electric charge increases for the
same voltage applied. The average electric field strength
in the space increases by 20% to 40%, and the effect of
inactivating the viruses and germs increases.

[0058] In the electrode of the conventional wire having
a circular section, corrosion proceeds from the entire cir-
cumferential surface due to deterioration caused by the
electric discharge, dust, moisture, and environmental
factors. When the ratio of the long side to the short side
is set to 3 or more, a stress acts, and the corrosion pro-
ceeds from the vicinities of the short sides where the
electric discharge is concentrated. Even when corrosion
proceeds from the short-side sides, it does not on the
long-short sides, so that the wire will not break easily
when compared to awire having a circular section. There-
fore, the wire having a rectangular section has a high
environmental resistance over a long period of time, and
can be used stably.

(Rounded Corner R of Wire 303)

[0059] The corner portion of the discharge electrode
300, that is, a rounded corner portion R1 where the short
side and the long side intersect has a radius of curvature
R1 of 0.001 mm to 0.1 mm.

[0060] Namely, the radius of curvature R1 satisfies
0.001 mm <R1<0.1mm

The smaller the radius of curvature R1, the more the elec-
tric field is concentrated on the short sides. Hence, the
radius of curvature R1 is preferably 0.01 mm or less.
[0061] Namely, the radius of curvature R1 preferably
satisfies

0.001 mm <R1<0.01 mm

(Upper Ribs 201 of Upper Frame 200, Lower Ribs 844
of Lower Frame 800)

[0062] Fig. 7 is a detailed view of the counter electrode
700 in a case where the flat-plate portions 731 of the
counter electrode 700 are inclined by an angle 6 with
respect to the surface of the lower frame 800. A method
of decreasing the pressure loss and a method of fixing
the flat-plate portions 731 of this case will be described.
Fig. 23 shows the relationship among the flat-plate por-
tion 731 of the counter electrode 700, an upper rib 201,
and a lower rib 844. The upper frame 200 is provided
with upper ribs 201 (Fig. 25) integrally attached to the
upper frame 200 to support the counter electrode 700.
The upperribs 201 extend vertically from the upper frame
200 downward in the height direction of the upper frame
200. The lower frame 800 has the lower ribs 844 (Figs.
16 and 17) integrally attached to the lower frame 800 to
support the counter electrode 700. The lower ribs 844



19 EP 2700 451 B1 20

extend vertically from the lower frame 800 upward in the
height direction of the lower frame 800.

[0063] Thelowerframe 800 located underthe connect-
ing portion 733 of the counter electrode 700 has portions
with shapes (lower holding portions 801; Fig. 4) having
almost the same shapes as the bend shapes of the con-
necting portions 733 so as to match the bend shapes of
the connecting portions 733. More specifically, the lower
frame 800 has the lower holding portions 801 (Fig. 4)
with shapes that match the shapes of the connecting por-
tions 733 (the first connecting portion 733R, the second
connecting portion 733L), and supports the connecting
portions 733 (the first connecting portion 733R, the sec-
ond connecting portion 733L) from below with the lower
holding portions 801.

(How to Retain Flat-Plate Portions 731)

[0064] As described above, the flat-plate portions 731
of the counter electrode 700 are disposed at the prede-
termined angle 8 with respect to the surface of the lower
frame 800 (Fig. 7). As shown in Fig. 23, each flat-plate
portion 731 is fixed as it is sandwiched by two ribs; the
upper rib 201 of the upper frame 200 and the lower rib
844 of the lower frame 800. Note that Fig. 23 shows the
relationship among the flat-plate portion 731, the upper
rib 201, and the lower rib 844 on, for example, an arrow
Y of Fig. 17. The upper ribs 201 (Fig. 25) have shapes
similar to those of the lower ribs 844. Accordingly, even
when the angle 6 of the flat-plate portions 731 with re-
spect to the lower frame 800 changes due to a molding
error or because the flat-plate portions 731 come into
contact with the lower frame 800 during assembly, the
flat-plate portions 731 can be corrected to "the predeter-
mined angle 6". Also, the flat-plate portions 731 will not
droop down over time. The flat-plate portions 731, the
belt portions 732, and the connecting portions 733 of the
counter electrode 700 are set on the lower frame 800. At
this time, the connecting portions 733 (Fig. 8) on the two,
right and left ends are brought into sufficient contact with
the lower frame 800, and are retained by the right inter-
mediate frame 500 and left intermediate frame 600 from
above. As the lower ribs 844 (Figs. 16 and 17) are pro-
vided on the grid (Fig. 17) provided to the lower frame
800, they will not cause pressure loss.

(Shape of Counter Electrode 700)

[0065] AsshowninFig.8,inthe counterelectrode 700,
the flat-plate portions 731 are cut and raised by bending
at the connecting portions 733 located at the same
heights as the flat-plate portions 731, or at heights lower
than the flat-plate portions 731 in the height direction.
The flat-plate portion 731 at the highest portion in the
longitudinal direction is bent downward at an upper por-
tioninthe longitudinal direction. The flat-plate portion 731
at the lowest portion in the longitudinal direction is bent
upward at a lower portion in the longitudinal direction.
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This eliminates the belt portions 732 at the two end sides
in the longitudinal direction, and the pressure loss reduc-
es. As a result, the aerodynamic performance improves,
and the power consumption of the indoor blower fan de-
creases.

(Counter Electrode 700: Even Number)

[0066] When anevennumber of flat-plate portions 731
are to be provided, a plurality of pairs of flat-plate portions
731 are formed to connect to the connecting portions
733, each pair of flat-plate portions 731 consisting of a
flat plate bent downward at the upper portion in the lon-
gitudinal direction and a flat plate bent upward at the low-
er portion in the longitudinal direction. This eliminates the
belt portions 732 at the two end sides in the longitudinal
direction, and the pressure loss decreases. As a result,
the aerodynamic performance improves, and the power
consumption of the indoor blower fan decreases.

(Counter Electrode 700: Odd Number)

[0067] When an odd number of flat-plate portions 731
are to be provided, a plurality of pairs of flat-plate portions
731 are formed to connect to the connecting portions
733, each pair consisting of a flat plate bent downward
at the upper portion in the longitudinal direction and a flat
plate bent upward at the lower portion in the longitudinal
direction. The flat-plate portion 731 at the highest portion
in the longitudinal direction is bentdownward atthe upper
portion in the longitudinal direction as a flat-plate portion
that does not form a pair, or the flat-plate portion 731 at
the lowest portion in the longitudinal direction is bent up-
ward at the lower portion in the longitudinal direction as
a flat-plate portion that does not form a pair. This elimi-
nates the belt portions 732 at the two end sides in the
longitudinal direction, and the pressure loss decreases.
As aresult, the aerodynamic performance improves, and
the power consumption of the indoor blower fan decreas-
es.

(Counter Electrode 700)

[0068] Instead of cutting and raising the flat-plate por-
tions 731 by bending at the connecting portions 733 lo-
cated at the same height as the flat-plate portions 731,
or at heights lower than the flat-plate portions 731 in the
height direction, if the flat-plate portions 731 are bent at
their halfway portions, belt portions 732 are formed inev-
itably. If the flat-plate portion 731 at the position portion
in the longitudinal direction is not bent downward at the
upper portion in the longitudinal direction, or if the flat-
plate portion 731 at the lowest portion in the longitudinal
direction is not bent upward at the lower portion in the
longitudinal direction, the belt portion 732 is also formed
inevitably. Then, the pressure loss increases. The length
in the longitudinal direction increases by an amount cor-
responding to the belt portion 732, thus degrading the
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space efficiency. If the counter electrode 700 is divided
into a plurality of portions without connecting the flat-plate
portions 731, the production cost increases.

(Counter Electrode 700)

[0069] The counter electrode 700 is set on the lower
frame 800 and held by the lower frame 800. If the counter
electrode 700 is retained from above in the height direc-
tion by the lower surface of a frame (the intermediate
frame or the upper frame 200) located above the counter
electrode 700, the counter electrode 700 will not move
vertically and thus can be fixed. At this time, since the
intermediate frame or the upper frame 200 retains the
two near-end portions in the horizontal direction of the
counter electrode 700, the intermediate frame or the up-
per frame 200 itself does not interfere with the wind pas-
sage.

[0070] As shown in Fig. 4, the right intermediate frame
500 and the left intermediate frame 600 shown in Fig. 13
cover the connecting portions 733 (the first connecting
portion 733R, the second connecting portion 733L) of the
counter electrode 700 so the connecting portions 733 will
not be exposed, thereby insulating the connecting por-
tions 733. The connecting portions 733 are set on the
lower frame 800.

[0071] As with the lower frame 800, the right interme-
diate frame 500 and the left intermediate frame 600 lo-
cated on the connecting portions 733 of the counter elec-
trode 700 respectively have upper holding portions 501
and 601 (Fig. 4) with shapes that match the shapes of
the connecting portions 733 (first connecting portion
733R, second connecting portion 733L), and hold the
connecting portions 733 (first connecting portion 733R
and second connecting portion 733L) of the counter elec-
trode 700 from above with the upper holding portions 501
and 601, as shown in Fig. 4. In this manner, the bend
shapes of the connecting portions 733 are fixed by ver-
tically sandwiching them by the right intermediate frame
500 and left intermediate frame 600, and the lower frame
800.

(1) By fixing the connecting portions 733 in this man-
ner, angular displacement and drooping down over
time of the flat-plate portions 731 are prevented, so
that the flat-plate portions 731 can be fixed at the
forced angle. Therefore, a constant distance can be
maintained between the discharge electrode 300
and the flat-plate portions 731 of the counter elec-
trode 700, electric discharge occurs stably and elec-
tric field can be formed stably.

(2) The intermediate frame covers the connecting
portions 733 of the counter electrode 700 so that the
discharge electrode 300 and the connecting portions
733 are insulated from each other. Even though the
distance between the discharge electrode 300 and
the connecting portions 733 as covered by the inter-
mediate frame is short, unnecessary electric dis-
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charge does not occur. In this manner, by covering
the connecting portions 733 with the intermediate
frame, the distance between the discharge electrode
300 and the counter electrode 700 can be shortened,
so that the entire thickness of the discharge device
1000 can be decreased.

[0072] Since unnecessary electric discharge between
the discharge electrode 300 and the connecting portions
733 is suppressed, electric discharge occurs stably, and
the electric field can be formed stably. Since the connect-
ing portions 733 and the intermediate frame which serves
as the holding portion of the discharge electrode 300 are
set on the end portions of the device by stacking, a large
aperture area can be reserved in the widthwise direction.
[0073] In the lower frame 800, the high-voltage-side
supply terminal 709 (high-voltage power supply portion)
to supply power to the discharge electrode 300 is dis-
posed on the high-voltage terminal holding portion 841
(Fig. 17). As shown in Fig. 4, the right intermediate frame
500 covers at least part of the high-voltage-side supply
terminal 709. Alternatively, the high-voltage terminal
holding portion 841 may be provided on a side covered
by the left intermediate frame 600, and the left interme-
diate frame 600 may cover the high-voltage-side supply
terminal 709.

[0074] As shown in Figs. 13 and 18, an insulation wall
505 vertically standing from the bottom surface of the
rightintermediate frame 500 is formed on the side surface
of the right intermediate frame 500, on the device central
side (the left intermediate frame 600 side) of the right
intermediate frame 500.

(Notches 506, 606)

[0075] More specifically, the right intermediate frame
500 has the insulation wall 505 made of an insulating
material. The insulation wall 505 stands upward along
the end portions of the plurality of flat-plate portions 731
arranged almost parallel to each other, and has notches
506 through which the discharge electrode 300 is to ex-
tend. Similarly, the left intermediate frame 600 has an
insulation wall 605 and notches 606 (Fig. 14). When the
insulating walls are to the intermediate frame in this man-
ner, the clearance and the creeping distance between
the discharge electrode 300 and the connecting portions
733 canbeincreased. Undesirable electric discharge can
accordingly be prevented, so that the device can be made
with a low profile. The notches 506 and 606 respectively
formed in the right intermediate frame 500 and the left
intermediate frame 600, through which the discharge
electrode 300 is to extend, have each a U- or V-letter
shape so that the discharge electrode 300 can extend
through it. As shown in Fig. 13, the notches 506 and 606
open upward (openings 506-1, openings 606-1) and
close downward. Fig. 13 shows V-letter shaped notches.
When the notches 506 and 606 are U-letter shaped, their
breadths are substantially the same from top to bottom.
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When the notches 506 and 606 are V-letter shaped, their
breadths gradually decrease from top (from the upper
frame) to bottom (toward the lower frame). With this de-
sign, in the assembly operation, the discharge electrode
300 will not be caught by the insulating walls 505 and
605 at a position higher than a predetermined height.
The openings of the notches serve as indices that facil-
itate assembly. The insulation walls 505 and 605 can
reliably prevent abnormal discharge at the counter elec-
trode 700.

[0076] As shown in Fig. 13, an end portion of the right
intermediate frame 500 (first upper frame) away from the
insulation wall 505 and an end portion of the left interme-
diate frame 600 (second upper frame) away from the
insulation wall 605, in the lengthwise direction of the flat-
plate portions 731, are flat, thus forming a flat portion 508
and a flat portion 608. Namely, the right-side end portion
of the right intermediate frame 500 and the left-side end
portion of the left intermediate frame 600 form the flat
portions 508 and 608, respectively (Fig. 13). As the right-
side end portion of the right intermediate frame 500 and
the left-side end portion of the left intermediate frame 600
are formed flat in this manner, when putting the discharge
electrode 300 (mainly the wire 303) in the intermediate
frame, the assembly operation of, for example, fitting ter-
minals in the power supply portion can be performed eas-
ily without being interfered with by the walls or ribs. As
shown in Fig. 13, the heights of the flat portions 508 and
608 of the right- and left-side end portions of the right
and left intermediate frames 500 and 600 are lower than
the height of the wire 303 of the discharge electrode 300
setin the device (Figs. 14 and 18). With this arrangement,
when the operator is to draw out the discharge electrode
300 by holding the discharge electrode 300 with the fin-
gers, the intermediate frame will not interfere with the
operator’s hands, thus facilitating the assembly opera-
tion. Also, the heights of the right- and left-side end por-
tions of the lower frame 800 are lower than the height of
the wire 303 set in the device. With this arrangement,
when the operator is to draw out the discharge electrode
300 by holding the discharge electrode 300 with the fin-
gers, the lower frame 800 will not interfere with the op-
erator’s hands, thus facilitating the assembly operation.
The intermediate frame is fixed to engage with claws 851
to 854 (Figs. 16 and 17) provided at the right- and left-
side end portions of the lower frame 800. Therefore, the
height of the end portion of the intermediate frame is low-
er than the height of the end portion of the lower frame
800. The lower frame 800 cannot form the lateral side
surfaces of the device. Thus, the lateral side surfaces of
the device are formed by the upper frame 200 (side sur-
face portions 207 and 208 of the upper frame 200 shown
in Fig. 25 (to be described later)), and the discharge elec-
trode 300 is drawn out. Then, finally, the upper frame 200
is fixed by fitting it in the lower frame 800 from above.
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(Extending Portion 507)

[0077] In the right intermediate frame 500, as shown
in Figs. 18 and 19, the insulation wall 505 has an extend-
ing portion 507 extending closer to the lower frame 800
than the lower portion of the connecting portion 733. As
shown in Figs. 18 and 19, the extending portion 507 ex-
tends from the base of the insulation wall 505 toward the
lower frame 800, and together with a lower-frame pro-
truding portion 846 of the lower frame 800, isolates the
connecting portion 733 from the discharge electrode 300.
A similar extending portion 607 is formed on the left in-
termediate frame 600, and a lower-frame protruding por-
tion 846 is formed on the leftintermediate frame 600 side
of the lower frame 800 as well. When the extending por-
tions 507 and 607 are formed in this manner by extending
the insulation walls 505 and 605, the clearance and the
creeping distance between the discharge electrode 300
and the flat-plate portions 731 can be increased. As a
result, unnecessary electric discharge can be prevented
more reliably, and the device can be made to have a
lower profile.

[0078] In Fig. 20, (a) is a top view seen from above,
similar to Fig. 6, of the discharge device 1000, and (b)
shows a section taken along a line E - E of (a).

[0079] Fig. 20 shows a structure in which the clearance
and the creeping distance between the low-voltage-side
connecting portion 710 and the high-voltage-side supply
terminal 709 are increased, so that unnecessary dis-
charge can be prevented and the device can be made
to have a low profile. As shown in Fig. 20, the lower frame
800 is provided with a lower-frame protruding portion
847, and the right intermediate frame 500 is provided
with an intermediate-frame protruding portion 547. The
functions of the protruding portions 847 and 547 are the
same as that of the extending portion 507 described
above. The lower-frame protruding portion 847 and in-
termediate-frame protruding portion 547 which are made
of an insulating material engage with each other to insu-
late the low-voltage-side connecting portion 710 and the
high-voltage-side supply terminal 709 from each other,
thereby increasing the clearance and the creeping dis-
tance between them.

(Fold-Back Portion 680)

[0080] As shownin Fig. 14, the left intermediate frame
600 has the fold-back portions 680 where the discharge
electrode 300 (wire 303) is folded back. In each fold-back
portion 680, an upright raised portion 681 having an al-
most U-letter shaped horizontal section faces left (X di-
rection and to the outer side of the device). A start region
683 and an end region 683 of the U letter of the raised
portion 681 are almost linear (in the U-letter shaped sec-
tion) and extend in the lengthwise direction (X direction)
of the flat-plate portion 731. The fold-back portion 680
has a cap portion 682 above the raised portion 681. The
cap portion 682 has an arcuated distal end and projects
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like a flange. The presence of the fold-back portions 680
allows the discharge electrode 300 to be builtin smoothly
due to the following reasons (1) to (3) and the like.
[0081] The reasons (1) to (3) will be explained.

(1) The fold-back portion 680 positions the upper
side of the wire 303 with the cap portion 682 and the
lower side of the wire 303 with a rib (upright wall 685)
at the wire exit. Hence, the upper and lower regulat-
ing portions of the wire 303 are staggered in the X
direction, thereby vertically positioning the wire 303.
As shown in Fig. 14, the fold-back portion 680 has
the raised portion 681 and the cap portion 682 above
the raised portion 681. The raised portion 681 stands
from the left intermediate frame 600 and has an al-
most U-letter shaped horizontal section. The cap
portion 682 has a cap-like shape with the distal end
projecting to form a flange. As shown by the left in-
termediate frame 600 of Fig. 6, the distal end shape
of the cap portion 682 (the distal end shape of the
flange) has an arcuated portion 682-1 to the outer
side of the device in the X direction, and a linear
portion 682-2 to the inner side of the device in the X
direction. The wire 303 is indicated by a broken line
on the cap portion 682 in Fig. 6. The arcuated portion
682-1 of the cap portion 682 forms a flange shape
that projects to the outer side of the device in the X
direction from the side surface of the raised portion
681 (Fig. 14). The end portion of the linear portion
682-2 almost coincides with the flat portion (linear
portion) of the raised portion 681, and no flange
shape exists in this end portion. As shown in Fig. 14,
at the end portion of the raised portion 681 to the
inner side of the device in the X direction, the plate-
like upright wall 685 stands from the left intermediate
frame 600. As shown in Fig. 14, the upper end po-
sition of the upright wall 685 in the height direction
(Z direction) is located under (and thus lower than)
the lower surface of the arcuated portion 682-1 of
the cap portion 682 in the height direction (Z direc-
tion). As shown in Fig. 14, the arcuated portion 682-1
(the portion where the flange shape exists) and the
upright wall 685 are respectively on the left and right
sides in the X direction.

In the discharge device 1000, the fold-back portion
680 positions the wire 303 by regulating the wire 303
with the lower surface of the arcuated portion 682-1
on the left side in the X direction and the upper end
of the upright wall 685 on the right side in the X di-
rection. As the wire 303 is positioned while stagger-
ing the regulating portions of the wire 303 to the left
and right (X direction), the wire 303 can be attached
more easily than in a case where, for example, a
groove is formed in the side surface of the raised
portion 681 to guide the wire 303. As the height of
the discharge electrode 300 is constantin the vertical
direction, the electric discharge space and the elec-
tric field space can be formed stably.
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(2) The cap portion 682 of the fold-back portion 680
is formed only of a plurality of curved surfaces, and
the rounded portion where the wire 303 runs bulges
largely. Thus, the wire 303 will not catch on the cap
portion 682.

More specifically, in the discharge device 1000,
when considering the arcuated portion 682-1 of the
cap portion 682 as part of a cylinder, the side surface
of the arcuated portion 682-1 is formed only of the
plurality of rounded surfaces (a plurality of side sur-
faces R1, R2, and the like in Fig. 14), and this side
surface bulges largely to have a larger radius of cur-
vature than the surface of the raised portion 681 of
the region where the wire 303 runs. As the radius of
curvature of the outer edge of the arcuated portion
682-1 is larger than that of the surface of the raised
portion 681 in this manner, the wire 303 will not catch
on the arcuated portion 682-1. Even if the wire 303
of the discharge electrode 300 is to almost catch on
the arcuated portion 682-1 during the assembling
operation, as the arcuated portion 682-1 is formed
only of the rounded surfaces and has no flat portion,
the wire 303 will not stay on the arcuated portion
682-1. As the wire 303 will slide down, it will not be
bent or will not stay at an undesired position.

(3) Furthermore, the exit portion (linear portion
682-2) of the cap portion 682 is cut straight. Thus,
the wire 303 can be mounted smoothly without catch-
ing on the exit portion.

[0082] More specifically, in the discharge device 1000,
as shown in Fig. 14, the end portion of the linear portion
682-2 to the inner side of the device almost coincides
with the flat portion (linear portion) of the raised portion
681, and the flange portion does not exist at the end
portion of the linear portion 682-2. As shown in Fig. 13,
an end portion of this portion, namely, an end-portion end
face 682-2-1 (Fig. 13) of the end portion of the linear
portion 682-2 to the inner side of the device connects
continuously to a side surface 685-1 (Fig. 13) of the up-
right wall 685 to the inner side of the device. In brief, the
end-portion end face 682-2-1 and the side surface 685-1
form one plane. The end portion of the linear portion
682-2 to the inner side of the device almost coincides
with the flat portion (linear portion) of the raised portion
681, and no flange portion exists in this end portion. Thus,
when directing the discharge electrode 300 (wire 303) in
the horizontal direction at the end portion, there is no
need to maneuver the discharge electrode 300 to avoid
the flange portion (flange shape), and the discharge elec-
trode 300 will not catch on the flange portion. The as-
sembling performance improves accordingly.

(Linking of Intermediate Frame)
[0083] Inthe above embodiment, the rightintermediate

frame 500 and the left intermediate frame 600 are sep-
arate components. Alternatively, an arm that connects
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the right intermediate frame 500 and the left intermediate
frame 600 may be provided, and the right intermediate
frame 500 and the left intermediate frame 600 may be
formed integrally. More specifically, arms to connect the
right and left intermediate frames are integrally formed
on the right and left intermediate frames to be parallel to
the long-side direction of the device. The discharge elec-
trode 300 is disposed in the intermediate frame integrat-
ed, and the intermediate frame in which the discharge
electrode 300 is disposed is built in the upper portion of
the counter electrode 700. If the discharge electrode 300
is to be built into the device by maneuvering in the pres-
ence of the counter electrode 700, the assembling oper-
ation is not easy because the counter electrode 700 hin-
ders. With the above structure, however, in the presence
of only the intermediate frame, the discharge electrode
300 (wire 303) can be maneuvered and set in the inter-
mediate frame. As the discharge electrode 300 integrat-
ed with the intermediate frame is built into the device, the
assembling performance improves.

[0084] Fig. 15 shows how the spring 400 is attached
to the terminal 301 of the discharge electrode 300. As
shown in a section E - E, the right intermediate frame
500 to come under the spring 400 has a recessed portion
590. As the recessed portion 590 is formed by processing
low the right intermediate frame 500 under the spring
400, the spring 400 (coil spring) having a larger height
(Z-direction size) and a larger width (Y-direction size)
than those of the discharge electrode 300 can be em-
bedded in the portion that is low in the height direction
(Z direction). Consequently, the discharge electrode 300
can be disposed low. Since this keeps the spring 400
away from contact with the intermediate frame, the dis-
charge electrode 300 will not be displaced in the height
direction, and stable electric discharge can be obtained.
Since the spring 400 is fitted low, the overall thickness
of the apparatus in the height direction (Z direction) de-
creases, the discharge device 1000 becomes compact.
If there is no intermediate frame and only the lower frame
800 is provided, the recessed portion 590 may be formed
under the spring 400 by processing low the lower frame
800. As shown in Fig. 15, an index line 591 is formed in
the recessed portion 590. The index line 591 can be an-
other recessed portion formed further lower than the re-
cessed portion 590, or one or two lines. In place of the
index line 591 formed in the recessed portion 590, an
index mark 592 may be formed in the frame portion in
the vicinity of the spring 400. The index line 591 serves
as an index that indicates the appropriate position of the
end portion pf the spring 400. The spring 400 is fitted
such thatits end portion is located in the recessed portion
590 or between two lines. Alternatively, referring to the
index line 591, the spring 400 is fitted such that its one
end portion extends beyond the index line 591. The ten-
sion of the discharge electrode 300 can be adjusted eas-
ily by moving the spring 400 to the right and left (X direc-
tion in Fig. 15) using the index line 591. Another spring
400 is attached to another portion (Fig. 6). Another spring

10

15

20

25

30

35

40

45

50

55

15

400 is fitted in the same manner.
(Counter Electrode 700)

[0085] As described earlier, the flat-plate portions 731
are inclined at the inclination angle 6 with respect to the
lower frame 800. For example, incisions are formed in
the lower surface of the intermediate frame or upper
frame 200 to have the same angle as the inclination angle
6 of the flat-plate portions 731. The end portions of the
flat-plate portions 731 are urged from above in the height
direction so that the end portions of the flat-plate portions
731 are inserted in the incisions. Hence, even if the in-
clination angle 6 of the flat-plate portions 731 changes
from a desired direction due to a molding error or because
something comes into contact with the flat-plate portions
731 during the assembly, the flat-plate portions 731 can
be corrected to a desired angle. Also, the incisions have
an effect of preventing drooping of the flat-plate portions
731 over time. As a result, the polar distance between
the discharge electrode 300 and the flat-plate portions
731 does not change, and accordingly desired electric
discharge (a discharge current) and an electric field are
formed stably. When the flat-plate portions 731 are
formed perpendicularly to the lower frame 800, incisions
are formed in the lower surface of the upper frame per-
pendicularly, and the flat-plate portions 731 are inserted
into incisions of the upper frame.

[0086] At this time, when the end portions of the flat-
plate portion 731 are to be urged with the intermediate
frame, the end portions of the flat-plate portion 731 are
formed to be lower than non-end portions of the flat-plate
portions 731. Then, the end portions can be supported
by the intermediate frame, at a position lower than the
flat-plate portions 731. As the non-incision portion of the
intermediate frame is located at almost the same height
as the flat-plate portion 731, the intermediate frame will
not project excessively upward beyond the flat-plate por-
tion 731, so that the entire thickness of the discharge
device 1000 can be reduced.

(Anti-Vibration for Discharge Electrode 300)

[0087] A structure of anti-vibration for the discharge
electrode 300 will be described with reference to Fig. 24.
Fig. 24 shows a state wherein the right intermediate
frame 500, left intermediate frame 600, counter electrode
700, lower frame 800, and discharge electrode 300 are
assembled together. As a high voltage is applied to the
discharge electrode 300 to cause electric discharge, the
discharge electrode 300 may cause microvibration de-
pending on the discharge state, the frequency, or how
the high voltage is applied. Also, the vibration of the com-
pressor or in-door unit of the air conditioner may be con-
ducted to the discharge electrode 300, so that the dis-
charge electrode 300 may cause microvibration. Such
microvibration may cause resonance of the discharge
electrode 300, producing an abnormal sound. Also, the
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microvibration itself may produce an abnormal sound.
To prevent this, the tube 302 to improve the bending
strength of the discharge electrode 300 is set above the
notch 506 where the discharge electrode 300 is to extend.
Furthermore, the lateral width (width in the Y direction)
of each notch 506 through which the discharge electrode
300 located at the same height as the tube 302 extends
is decreased to be smaller than the thickness (outer di-
ameter) of the tube 302. If the tube 302 is heat-shrinkable,
the outer diameter of the tube 302 after heat shrinkage
should be larger than the lateral width of the notch 506
through which the discharge electrode 300 located at the
same height as the tube 302. Namely, the tube 302 will
be pinched by the widthwise portion of the notch 506. As
the outer surface of the tube 302 is pinched by the notch
506, the tube 302 is partly in contact with the notch 506
through which the discharge electrode 300 extends.
When the tube 302 is partly in contact with the notch 506
through which the discharge electrode 300 extends, mi-
crovibration of the discharge electrode 300 can be sup-
pressed. When the microvibration of the discharge elec-
trode 300 is suppressed, abnormal sound will not be pro-
duced definitely. When the vibration of the discharge
electrode 300 is prevented, a constant distance is kept
between the discharge electrode 300 and the counter
electrode 700, so that the electric discharge space and
the electric field space can be formed stably. It may be
difficult to bring the wire 303 of the discharge electrode
300 into contact with the notch 506 because the wire 303
is very thin. Instead, by bringing the tube 302 into contact
with the notch 506, vibration of the discharge electrode
300 is prevented reliably. For this purpose, as indicated
in Figs. 24, 6, and the like, the tube 302 is positioned
above the lower end of the notch 506 through which the
discharge electrode 300 extends, and the tube 302 is
guided to the air duct (closer to the insulation wall 605
than the insulation wall 605-side surface of the insulation
wall 505).

(Anti-Vibration for Counter Electrode 700)

[0088] A structure of anti-vibration for the counter elec-
trode 700 will be described with reference to Figs. 25 and
26. Fig. 25 is a perspective view showing a structure on
the lower side of the upper frame 200. Fig. 26 shows the
sectional structure of the discharge device 1000. The
counter electrode 700 is made of a metal. Since an object
has a characteristic vibration of its own, when the fre-
quency of the compressor of an air conditioner changes
continuously, a certain frequency of the compressor may
cause the counter electrode 700 to vibrate. Other than
the compressor of the air conditioner, the vibration of the
indoor unit or the like may also cause the counter elec-
trode 700 to vibrate. When the counter electrode 700
vibrates, its metal may produce a strange noise called a
beat noise orresonance. The strange noise is unpleasant
to the user. To prevent this, as shown in Fig. 25, counter
electrode contact ribs 202 are formed on the lower sides
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of some vertical bars 205 of the upper frame 200 and are
brought into contact with counter electrode highest por-
tions 731-1 (upper ends of the flat-plate portions 731)
(Fig. 26). The counter electrode highest portions 731-1
are those portions of the counter electrode 700 which are
the closest to the upper frame 200, and correspond to
the end portion of the counter electrode 700, namely, the
upper ends of the flat-plate portions 731. As shown in
Fig. 26, the counter electrode contact ribs 202 are in con-
tact with the counter electrode highest portions 731-1 by
being urged against the counter electrode highest por-
tions 731-1 from above such that the counter electrode
contact ribs 202 slightly bite into the counter electrode
highest portions 731-1. This causes areaction. More spe-
cifically, as the counter electrode contact ribs 202 and
the counter electrode highest portions 731-1 slightly bite
each other, they overlap in the assembly size, and the
counter electrode 700 elastically deforms slightly to
cause the reaction (elastic force). When the counter elec-
trode contactribs 202 are urged against the counter elec-
trode highest portions 731-1 to come into contact with
them, the counter electrode 700 is fixed. This can sup-
press the microvibtaion of the counter electrode 700
made of a metal. When the vibration of the counter elec-
trode 700 is suppressed, a strange noise will be prevent-
ed reliably. When the vibration of the counter electrode
700 is suppressed, a constant distance is maintained be-
tween the discharge electrode 300 and the counter elec-
trode 700, so that a discharge space and an electric field
space can be formed stably. As shown in Fig. 25, the
counter electrode contact ribs 202 extend vertically (in
the Y direction) from top to bottom in the short-side di-
rection of the opening of the upper frame 200 across a
plurality of horizontal bars 206. Since the counter elec-
trode contact ribs 202 extend vertically from top to bottom
in the short-side direction of the opening of the upper
frame 200, they can be in contact with all of the plurality
of rows of the counter electrodes 700. The plurality of
counter electrode contact ribs 202 are provided across
the long-side direction of the opening of the upper frame
200 (Fig. 25 shows an example of four counter electrode
contactribs 202). Although one counter electrode contact
rib 202 may suffice, if a plurality of counter electrode con-
tact ribs 202 are provided, they come into contact with
the counter electrode highest portions 731-1 at a larger
number of contact points, so that the vibration can be
suppressed reliably. The counter electrode contact ribs
202 are parallel to the vertical bars 205 of the upperframe
200, and the counter electrode 700 is parallel to the hor-
izontal bars 206 of the upper frame 200. Thus, the counter
electrode contact ribs 202 and the counter electrode
highest portions 731-1 are angularly displaced from each
other by 90° and cross with each other. As the counter
electrode contact ribs 202 are formed on the lower sur-
faces of the vertical bars 205 of the upper frame 200,
they are parallel to the air flow of the air conditioner. This
prevents pressure loss and does not impair the perform-
ance of the air conditioner. As the counter electrode con-
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tact ribs 202 are formed on the lower surfaces of the
vertical bars 205, they will not cause a direct pressure
loss.

[0089] In the above embodiment, the connecting por-
tions 733 are bent, as shown in Fig. 8 and in (b) of Fig.
12. According to an example useful for understanding
the invention, a structure in which the connecting portions
733 are not bent is also possible, as shown in Fig.22.
Fig. 22 shows an example of the counter electrode.

[Industrial Applicability]

[0090] As application examples of the present inven-
tion, the present invention can be used by building it in
a product such as a room air conditioner, a package air
conditioner, a cleaner, a hand dryer, an air cleaner, a
humidifier, a dehumidifier, a ventilation fan, an elevator,
a refrigerator, an automobile, and an electric train. When
the present invention is mounted in these products, the
bacteria, fungus, viruses, and the like suspended in a
room and passing through the discharge device 1000 are
removed and inactivated efficiently by the formed electric
discharge and electric field. Thus, the air is cleaned and
the amenity of the user improves.

[0091] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
appended claims, the disclosure of this patent specifica-
tion may be practiced otherwise than as specifically de-
scribed herein.

[Reference Signs List]

[0092] 100: prefilter; 200: upper frame; 201: upper rib;
202: counter electrode contact rib; 205: vertical bar; 206:
horizontal bar; 207, 208: side surface portion; 211: han-
dle portion; 300: discharge electrode; 301: terminal; 302:
tube; 303: wire; 400: spring; 400a: spring end portion;
500: right intermediate frame; 505: insulation wall; 506:
notch; 507: extending portion; 508: flat portion; 590: re-
cessed portion; 591: index line; 592: index mark; 600:
left intermediate frame; 605: insulation wall; 606: notch;
607: extending portion; 608: flat portion; 680: fold-back
portion; 681: raised portion; 682: cap portion; 682-1: ar-
cuated portion; 682-2: linear portion; 683: region; 685:
upright wall; 700: counter electrode; 707: first connecting
piece; 708: second connecting piece; 709: high-voltage-
side supply terminal; 709a: catch portion; 710: low-volt-
age-side connecting portion; 731: flat-plate portion;
731-1: counter electrode highest portion; 732: belt por-
tion; 733: connecting portion; 733R: first connecting por-
tion; 733L: second connecting portion; 735: first project-
ing portion; 736: second projecting portion; 741: bend
portion; 742: line-up direction; 800: lower frame; 840: low-
voltage terminal holding portion; 841: high-voltage termi-
nal holding portion; 842a, 842b: drain hole; 843: counter
electrode holding portion; 844: lower rib; 846, 847: lower-
frame protruding portion; 851-854: claw; 931: flat-plate
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portion; 932: belt portion; 933: connecting portion; 1000:
discharge device; 1500: support portion; 1512: grid por-
tion; 1530: high-voltage substrate; 1514: catch portion;
1518: panel contact portion; 1519: opening portion; 1520:
upper rib; 1521: lower rib; 1522: screwed portion; 1540:
high-voltage substrate cover; 1560: support-side low-
voltage terminal; 1570: support-side high-voltage termi-
nal; 2000: support portion assembly; 3000: air condition-
er; 3060: heatexchanger; 3061: suction port; 3062: blow-
out port; 3063: blower fan; 3064: air conditioner prefilter;
3070: panel

Claims
1. A discharge device (1000) comprising:

a low-potential counter electrode (700) consti-
tuted by at least three flat-plate portions (731),
a first connecting portion (733R), and a second
connecting portion (733L) which are integrally
formed of one conductive plate body, the at least
three flat-plate portions having elongated
shapes and forming flat plates disposed almost
parallelto each other, the first connecting portion
serving to connect one-end portions of the elon-
gated shapes of the at least three flat-plate por-
tions, the second connecting portion serving to
connect the other-end portions of the elongated
shapes of the at least three flat-plate portions;
and

a high-voltage-side discharge electrode (300)
which forms a wire, is arranged to extend among
adjacent ones of the flat-plate portions in a
lengthwise direction of the elongated shapes,
wherein the high-voltage-side discharge elec-
trode (300) has a potential higher than the po-
tential of the counter electrode, characterized
in that the first connecting portion includes
first projecting portions (735) respectively pro-
vided to the flat-plate portions and projecting in
the lengthwise direction from under the one-end
portions of the elongated shapes of the flat-plate
portions, and

first connecting pieces (707) each provided to
two adjacent ones of the flat-plate portions and
extending from an upper end of the first project-
ing portion of the flat-plate portion, out of the two
adjacent ones of the flat-plate portions, which is
located onafrontside inaline-up direction along
which the at least three flat-plate portions line
up sequentially, to each connect to a lower end
of the first projecting portion of a next flat-plate
portion out of the two adjacent ones of the flat-
plate portions, and

wherein the second connecting portion includes
second projecting portions (736) respectively
provided to the flat-plate portions and projecting
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in the lengthwise direction from under the other-
end portions of the elongated shapes of the flat-
plate portions, and

second connecting pieces (708) each provided
to two adjacent ones of the flat-plate portions
and extending from an upper end of the second
projecting portion of the flat-plate portion, out of
the two adjacent ones of the flat-plate portions,
which is located on the front side in the line-up
direction, to each connect to a lower end of the
second projecting portion of the next flat-plate
portion out of the two adjacent ones of the flat-
plate portions,

wherein at least one of the first connecting piec-
es includes

a bend portion (741) between the upper end of
the first projecting portion and the lower end of
the next projecting portion so as to form a down-
ward convex on the end portion, and

wherein at least one of the second connecting
pieces includes

a bend portion (741) between the upper end of
the second projecting portion and the lower end
of the next projecting portion so as to form a
downward convex on the end portion

wherein each of the at least three flat-plate por-
tions is inclined at a predetermined angle with
respect to a virtual reference plane (752) per-
pendicular to a virtual plane having a direction
of normal that coincides with the line-up direc-
tion,

wherein the wire of the discharge electrode has
a section that forms a rectangle having a short
side disposed substantially parallel to the virtual
reference plane, and

wherein an even number of flat-plate portions is
provided as the at least three flat-plate portions,
wherein a plurality of pairs of flat-plate portions
are formed to connect to the connecting por-
tions, each pair of flat-plate portions consisting
of aflat plate bent downward at an upper portion
in a longitudinal direction and a flat plate bent
upward at a lower portion in the longitudinal di-
rection, and wherein the longitudinal direction
corresponds to a short-side side of the discharge
device.

2. The discharge device according to claim 1, further
comprising:

a lower frame (800) which has a lower holding
portion (801) with a shape that matches a shape
of the first connecting portion and a shape of the
second connecting portion and which supports
the first connecting portion and second connect-
ing portion of the counter electrode from below
under the end portion of the flat-plate portion
with the lower holding portion; and

10

15

20

25

30

35

40

45

50

55

18

an upper holding frame (500, 600) which has an
upper holding portion (501, 601) with a shape
that matches the shape of the first connecting
portion and the shape of the second connecting
portion and which holds the first connecting por-
tion and second connecting portion of the coun-
ter electrode from above on a side opposite to
the lower holding portion of the lower frame, with
the upper holding portion.

3. An air conditioner in which a discharge device ac-

cording to claim 1 or 2 is disposed upstream of a
heat exchanger, between a suction port and the heat
exchanger.

Patentanspriiche
1. Entladungseinrichtung (1000), umfassend:

eine Niederpotential-Gegenelektrode (700), die
aus zumindest drei Flachplattenabschnitten
(731) gebildet ist, einen ersten Verbindungsab-
schnitt (733R) und einen zweiten Verbindungs-
abschnitt (733L), die aus einem einzelnen lei-
tenden Plattenkdrper integral ausgebildet sind,
wobei die zumindest drei Flachplattenabschnit-
te langliche Formen aufweisen und fast parallel
zueinander angeordnete Flachplatten bilden,
wobei der erste Verbindungsabschnitt dazu
dient, Abschnitte der einen Enden der langli-
chen Formen der zumindest drei Flachplatten-
abschnitte zu verbinden, der zweite Verbin-
dungsabschnitt dazu dient, Abschnitte der an-
deren Enden der langlichen Formen der zumin-
dest drei Flachplattenabschnitte zu verbinden;
und

eine hochspannungsseitige Entladungselektro-
de (300), die einen Draht bildet, angeordnet ist,
um sich zwischen benachbarten der Flachplat-
tenabschnitte in einer Langsrichtung der langli-
chen Formen zu erstrecken,

wobei die hochspannungsseitige Entladungse-
lektrode (300) ein Potential aufweist, das hoher
ist als das Potential der Gegenelektrode,
dadurch gekennzeichnet, dass der erste Ver-
bindungsabschnitt aufweist:

erste vorstehende Abschnitte (735), die je-
weils an den Flachplattenabschnitten vor-
gesehen sind und in der Langsrichtung von
unterhalb der Abschnitte der einen Enden
der langlichen Formen der Flachplattenab-
schnitte vorstehen, und

erste Verbindungsstiicke (707), die jeweils
an zwei benachbarten der Flachplattenab-
schnitte vorgesehen sind und sich von ei-
nem oberen Ende des ersten vorstehenden
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Abschnitts des Flachplattenabschnitts von
den zwei benachbarten der Flachplattenab-
schnitte erstrecken, das an einer Vordersei-
te in einer Anordnungsrichtung angeordnet
ist, entlang der die zumindest drei Flach-
plattenabschnitte nacheinander angeord-
net sind, um sich jeweils mit einem unteren
Ende des ersten vorstehenden Abschnitts
eines nachsten Flachplattenabschnitts von
den zwei benachbarten der Flachplattenab-
schnitte zu verbinden, und

wobei der zweite Verbindungsabschnitt
aufweist:

zweite vorstehende Abschnitte (736),
die jeweils an den Flachplattenab-
schnitten vorgesehen sind und in der
Langsrichtung von unterhalb der Ab-
schnitte der anderen Enden der langli-
chen Formen der Flachplattenab-
schnitte vorstehen, und

zweite Verbindungsstiicke (708), die
jeweils an zwei benachbarten der
Flachplattenabschnitte ~ vorgesehen
sind und sich von einem oberen Ende
des zweiten vorstehenden Abschnitts
des Flachplattenabschnitts von den
zweibenachbarten der Flachplattenab-
schnitte erstrecken, das an der Vorder-
seite in der Anordnungsrichtung ange-
ordnetist, um sich jeweils miteinem un-
teren Ende des zweiten vorstehenden
Abschnitts des nachsten Flachplatten-
abschnitts von den zwei benachbarten
der Flachplattenabschnitte zu verbin-
den,

wobei zumindest eines der ersten Ver-
bindungsstiicke aufweist:

einen gebogenen Abschnitt (741)
zwischen dem oberen Ende des
ersten vorstehenden Abschnitts
und dem unteren Ende des nachs-
ten vorstehenden Abschnitts, um
eine nach unten gerichtete Konve-
xitat auf dem Endabschnitt zu bil-
den, und

wobei zumindest eines derzweiten
Verbindungsstlicke aufweist:

einen gebogenen Abschnitt
(741) zwischen dem oberen
Ende des zweiten vorstehen-
den Abschnitts und dem unte-
ren Ende des nachsten vorste-
henden Abschnitts, um eine
nach unten gerichtete Konve-
xitat auf dem Endabschnitt zu
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bilden,

wobeijederder zumindestdrei
Flachplattenabschnitte in ei-
nem vorbestimmten Winkel in
Bezug auf eine virtuelle Refe-
renzebene (752) geneigt ist,
die senkrecht zu einer virtuel-
len Ebene mit einer Normalen-
richtung verlauft, die mit der
Anordnungsrichtung zusam-
menfallt,

wobei der Draht der Entla-
dungselektrode einen Ab-
schnitt aufweist, der ein
Rechteck miteinerkurzen Sei-
te bildet, die im Wesentlichen
parallel zur virtuellen Referen-
zebene angeordnet ist, und
wobei eine gerade Anzahl von
Flachplattenabschnitten als
die zumindest drei Flachplat-
tenabschnitte vorgesehen
sind, wobei eine Vielzahl von
Paaren von Flachplattenab-
schnitten ausgebildet sind, um
sich mit den Verbindungsab-
schnitten zu verbinden, wobei
jedes Paar von Flachplatten-
abschnitten aus einer Flach-
platte, die an einem oberen
Abschnitt in einer Langsrich-
tung nach unten gebogen ist,
und einer Flachplatte, die an
einem unteren Abschnitt in der
Langsrichtung nach oben ge-
bogen ist, besteht, und wobei
die Langsrichtung einer kurz-
seitigen Seite der Entladungs-
einrichtung entspricht.

2. Entladungseinrichtung nach Anspruch 1, ferner um-
fassend:

einen unteren Rahmen (800), der einen unteren
Halteabschnitt (801) mit einer Form aufweist,
die zu einer Form des ersten Verbindungsab-
schnitts und einer Form des zweiten Verbin-
dungsabschnitts passt, und der den ersten Ver-
bindungsabschnittund zweiten Verbindungsab-
schnitt der Gegenelektrode von unterhalb unter
dem Endabschnitt des Flachplattenabschnitts
mit dem unteren Halteabschnitt stitzt; und

einen oberen Halterahmen (500, 600), der einen
oberen Halteabschnitt (501, 601) mit einer Form
aufweist, die zu der Form des ersten Verbin-
dungsabschnitts und der Form des zweiten Ver-
bindungsabschnitts passt, und der den ersten
Verbindungsabschnitt und zweiten Verbin-
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dungsabschnitt der Gegenelektrode von ober-
halb auf einer Seite gegeniiberliegend zum un-
teren Halteabschnitt des unteren Rahmens mit
dem oberen Halteabschnitt halt.

3. Klimaanlage, in der eine Entladungseinrichtung
nach Anspruch 1 oder 2 stromaufwarts eines War-
metauschers zwischen einer Ansaug6ffnung und
dem Warmetauscher angeordnet ist.

Revendications
1. Dispositif de décharge (1000) comprenant :

une électrode auxiliaire a faible potentiel (700)
constituée par au moins trois parties de plaque
plate (731), une premiéere partie de connexion
(733R) et une seconde partie de connexion
(733L) qui sont formées de maniere solidaire
avec un corps de plaque conducteur, les au
moins trois parties de plaque plate ayant des
formes allongées et formant des plaques plates
disposées presque parallelement entre elles, la
premiére partie de connexion servanta connec-
ter des parties a une extrémité des formes al-
longées des au moins trois parties de plaque
plate, la seconde partie de connexion servant a
connecter les parties a I'autre extrémité des for-
mes allongées des au moins trois parties de pla-
que plate ; et

une électrode de décharge du cbté de la haute
tension (300) qui forme un fil, est agencée pour
s’étendre parmi les parties adjacentes des par-
ties de plaque plate dans le sens de la longueur
des formes allongées,

dans lequel I'électrode de décharge du coté de
la haute tension (300) a un potentiel supérieur
au potentiel de I'électrode auxiliaire,
caractérisé en ce que la premiére partie de
connexion comprend :

des premiéres parties en saillie (735) res-
pectivement prévues sur les parties de pla-
que plate et faisant saillie dans le sens de
la longueur depuis le dessous des parties
a une extrémité des formes allongées des
parties de plaque plate, et

des premiéres pieces de connexion (707)
chacune prévues sur deux parties adjacen-
tes des parties de plaque plate et s’étendant
apartird’une extrémité supérieure de la pre-
miere partie en saillie de la partie de plaque
plate, parmiles deux parties adjacentes des
parties de plaque plate, qui est positionnée
surun co6té avantdans une direction alignée
le long de laquelle les au moins trois parties
de plaque plate s’alignent de maniére sé-
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quentielle, pour se raccorder chacune aune
extrémité inférieure de la premiére partie en
saillie d’'une prochaine partie de plaque pla-
te parmi les deux parties adjacentes des
parties de plaque plate, et

dans lequel la seconde partie de connexion
comprend :

des secondes parties en saillie (736)
respectivement prévues sur les parties
de plaque plate et faisant saillie dans
le sens de la longueur depuis le des-
sous des parties a 'autre extrémité des
formes allongées des parties de plaque
plate, et

des secondes piéces de connexion
(708) chacune prévues sur deux par-
ties adjacentes des parties de plaque
plate et s’étendant a partir d’'une extré-
mité supérieure de la seconde partie en
saillie de la partie de plaque plate, par-
mi les deux parties adjacentes des par-
ties de plaque plate, qui est positionnée
sur le c6té avant dans la direction d’ali-
gnement, pour se raccorder chacune a
une extrémité inférieure de la seconde
partie en saillie de la prochaine partie
de plaque plate parmi les deux parties
adjacentes des parties de plaque plate,
dans lequel au moins I'une des premiée-
res pieces de connexion comprend :

une partie pliée (741) entre I'extré-
mité supérieure de la premiére par-
tie en saillie et 'extrémité inférieure
de la partie en saillie suivante afin
de former une convexité descen-
dante sur la partie d’extrémité, et
dans lequel au moins l'une des se-
condes piéces de connexion
comprend :

une partie pliée (741) entre
I'extrémité supérieure de la
seconde partie en saillie et
I'extrémité inférieure de la par-
tie en saillie suivante afin de
former une convexité descen-
dante sur la partie d’extrémité,
dans lequel chacune des au
moins trois parties de plaque
plate est inclinée selon un an-
gle prédéterminé par rapporta
un plan de référence virtuel
(752) perpendiculaire a un
plan virtuel ayant une direction
de normale qui coincide avec
la direction d’alignement,
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dans lequel le fil de I'électrode
de décharge a une section qui
forme un rectangle ayant un
cbté court disposé sensible-
ment parallélement au plan de
référence virtuel, et

dans lequel un nombre pair de
parties de plaque plate est
prévu comme étant les au
moins trois parties de plaque
plate, dans lequel une pluralité
de paires de parties de plaque
plate sont formées afin de se
connecter aux parties de con-
nexion, chaque paire de par-
ties de plaque plate se compo-
sant d’une plaque plate pliée
vers le bas au niveau d’une
partie supérieure dans une di-
rection longitudinale et une
plaque plate pliée vers le haut
au niveau d'une partie infé-
rieure dans la direction longi-
tudinale, et dans lequel la di-
rection longitudinale corres-
pond a un c6té court du dispo-
sitif de décharge.

2. Dispositifde décharge selon larevendication 1, com-
prenant en outre :

un batiinférieur (800) qui a une partie de support
inférieure (801) avec une forme qui correspond
a une forme de la premiére partie de connexion
et a une forme de la seconde partie de con-
nexion et qui supporte la premiére partie de con-
nexion et la seconde partie de connexion de
I'électrode auxiliaire depuis le dessous, sous la
partie d’extrémité de la partie de plaque plate
avec la partie de support inférieure ; et

un bati de support supérieur (500, 600) qui a
une partie de support supérieure (501, 601)
avec une forme qui correspond a la forme de la
premiére partie de connexion et a la forme de
la seconde partie de connexion et qui supporte
la premiére partie de connexion et la seconde
partie de connexion de I'électrode auxiliaire de-
puis le dessus, sur un c6té opposé a la partie
de support inférieure du bati inférieur, avec la
partie de support supérieure.

3. Climatiseur dans lequel un dispositif de décharge
selon la revendication 1 ou 2 est disposé en amont
d’'un échangeur de chaleur, entre un orifice d’aspi-
ration et 'échangeur de chaleur.
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