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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a discharge device and a hair care device including the discharge device. In
particular, the present disclosure relates to a discharge device including a discharge electrode and a counter electrode,
and a hair care device including the discharge device.

BACKGROUND ART

[0002] A discharge device as described in the preamble of claim 1 is already known from EP 3 280 013 A1. Conven-
tionally, an electrostatic atomizer that produces charged fine particle water is known (see, for example, PTL 1). The
electrostatic atomizer disclosed in PTL 1 includes a discharge electrode having a tip and a counter electrode located to
face the tip. The electrostatic atomizer supplies water to the discharge electrode and applies a voltage, thereby generating
charged fine particle water using the water supplied to the discharge electrode. The charged fine particle water contains
an active ingredient such as a radical.
[0003] When the electrostatic atomizer (discharge device) disclosed in PTL 1 is applied to, for example, a hair dryer,
it is desired to generate charged fine particle water containing large amounts of acidic components such as nitrate ions
and nitrogen oxides.

Citation List

Patent Literature

[0004] PTL 1: Unexamined Japanese Patent Publication JP. 2014-231047 A

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide a discharge device and a hair care device capable of increasing
a produced amount of acidic components.
[0006] The above and other objects of the invention are achieved by the discharge device according to claim 1 and
the hair care device according to claim 11. Preferred embodiments are claimed in the dependent claims.
[0007] According to the present disclosure, it is possible to achieve a discharge device and a hair care device capable
of increasing a produced amount of acidic components.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a sectional view of a discharge device according to an exemplary embodiment.
FIG. 2A is a perspective view of a hair care device according to the exemplary embodiment.
FIG. 2B is a perspective view showing a main part of the hair care device.
FIG. 3 is a schematic circuit diagram of the discharge device.
FIG. 4A is a plan view of a counter electrode used in the discharge device.
FIG. 4B is a sectional view taken along line 4B-4B in FIG. 4A.
FIG. 5 is a plan view showing a main part of the counter electrode used in the discharge device.
FIG. 6A is a conceptual diagram for describing a partial breakdown discharge generated in the discharge device.
FIG. 6B is a conceptual diagram for describing a partial breakdown discharge generated in the discharge device.
FIG. 7A is a graph showing a relationship among magnitude of a discharge current flowing between the discharge
electrode and the counter electrode, presence or absence of a protruding electrode, and a ratio of a produced
amount of acidic components.
FIG. 7B is a graph showing a relationship among magnitude of a discharge current flowing between the discharge
electrode and the counter electrode, presence or absence of a protruding electrode, and a ratio of a generated
amount of ozone.
FIG. 8 is a graph showing a relationship between presence or absence of a protruding electrode and a ratio of a
produced amount of charged fine particle water.
FIG. 9 is a sectional view showing a main part of a discharge device according to a first modification of the exemplary
embodiment.
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FIG. 10A is a plan view of a counter electrode used in a discharge device according to a second modification of the
exemplary embodiment.
FIG. 10B is a plan view of a counter electrode used in a discharge device according to a third modification of the
exemplary embodiment.
FIG. 10C is a plan view of a counter electrode used in a discharge device according to a fourth modification of the
exemplary embodiment.
FIG. 10D is a plan view of a counter electrode used in a discharge device according to a fifth modification of the
exemplary embodiment.
FIG. 11 is a perspective view showing a main part of a hair care device including the discharge device according
to the second modification of the exemplary embodiment.

DESCRIPTION OF EMBODIMENT

[0009] An exemplary embodiment and modifications described below are merely examples of the present disclosure.
The present disclosure is not limited to the exemplary embodiment and modifications, and besides the following exemplary
embodiment and modifications, various changes within the scope of the claims are possible depending on design or the
like. The scope of the invention is only defined by the appended claims. Drawings used in the following exemplary
embodiment and modifications are schematic, and a dimensional ratio or thickness ratio of components in the drawings
may not reflect an actual dimensional ratio.

(Exemplary embodiment)

[0010] A discharge device and a hair care device according to the present exemplary embodiment will be described
below separately for each item.

(1) Overview

[0011] An overview of discharge device 10 and hair care device 100 according to the present exemplary embodiment
will now be described with reference to FIGS. 1, 2A, and 2B.
[0012] In the following description, a lateral direction of discharge device 10 is defined as an X-axis direction (or a
second direction), a front-rear direction is defined as a Y-axis direction (or a first direction), and a vertical direction is
defined as a Z-axis direction. Further, the rightward direction of discharge device 10 is defined as the positive direction
of the X-axis, and the leftward direction is defined as the negative direction of the X-axis. Further, the forward direction
of discharge device 10 is defined as the positive direction of the Y-axis, and the rearward direction is defined as the
negative direction of the Y-axis. Further, the upward direction of discharge device 10 is defined as the positive direction
of the Z-axis, and the downward direction is defined as the negative direction of the Z-axis.
[0013] As shown in FIG. 1, discharge device 10 according to the present exemplary embodiment includes discharge
electrode 1, counter electrode 2, voltage application unit 3 (see FIG. 3), liquid supply unit 4 (see FIG. 3), and the like.
Counter electrode 2 faces discharge electrode 1 in the first direction. In the present exemplary embodiment, the first
direction indicates the front-rear direction (Y-axis direction). Voltage application unit 3 generates a discharge by applying
an application voltage between discharge electrode 1 and counter electrode 2. Liquid supply unit 4 has a function of
supplying liquid 40 (see FIG. 6A) to discharge electrode 1. Counter electrode 2 includes dome-shaped electrode 22,
protruding electrode 23, and the like.
[0014] In the present exemplary embodiment, counter electrode 2 includes, for example, a pair of protruding electrodes
23 as shown in FIGS. 1 and 2B. That is, counter electrode 2 includes a plurality of protruding electrodes 23, and the
plurality of protruding electrodes 23 includes at least a pair of protruding electrodes 23.
[0015] As shown in FIG. 1, dome-shaped electrode 22 has recessed inner surface 221 recessed to a side opposite
to discharge electrode 1 in the first direction. Protruding electrodes 23 are provided so as to protrude in the second
direction from opening edge 222a (for example, see FIG. 4A) of opening 222 of dome-shaped electrode 22 formed on
an end opposite to discharge electrode 1. Here, the second direction indicates a direction that intersects the first direction,
and in the present exemplary embodiment, it indicates the lateral direction (X-axis direction).
[0016] Notably, it is sufficient that discharge device 10 includes, as minimum components, discharge electrode 1,
counter electrode 2, and voltage application unit 3. Therefore, liquid supply unit 4 may not be included in the components
of discharge device 10.
[0017] Further, as shown in FIG. 2A, hair care device 100 according to the present exemplary embodiment includes
discharge device 10, airflow generator 20, and the like. Airflow generator 20 generates an airflow with respect to discharge
device 10. In a case where counter electrode 2 includes a plurality of protruding electrodes 23 as in the present exemplary
embodiment, the plurality of protruding electrodes 23 is preferably provided in flow path 300 of an airflow generated by
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airflow generator 20 and at positions where the airflow flows at the same velocity, as shown in FIG. 2B. Here, the
"positions where the airflow flows at the same velocity" described in the present disclosure does not mean positions
where the airflow flows at exactly the same velocity. For example, the "positions where the airflow flows at the same
velocity" includes positions where the airflow flows at different velocities that do not affect the frequency of discharge in
the plurality of protruding electrodes 23.
[0018] Further, in discharge device 10, a voltage is applied by voltage application unit 3 between discharge electrode
1 and counter electrode 2, while, for example, liquid 40 is adhered to and retained on the surface of discharge electrode
1. As a result, a discharge is generated between discharge electrode 1 and counter electrode 2, so that liquid 40 retained
on discharge electrode 1 is electrostatically atomized by the discharge. In other words, discharge device 10 according
to the present exemplary embodiment constitutes a so-called electrostatic atomizer. Here, in the present disclosure,
liquid 40 retained on discharge electrode 1, that is, liquid 40 to be electrostatically atomized, may be simply referred to
as "liquid 40".
[0019] As shown in FIG. 3, voltage application unit 3 applies an application voltage between discharge electrode 1
and counter electrode 2. Thus, a discharge is generated between discharge electrode 1 and counter electrode 2. In
particular, in the present exemplary embodiment, voltage application unit 3 applies the application voltage such that the
magnitude of the application voltage applied between discharge electrode 1 and counter electrode 2 varies periodically.
Accordingly, a discharge is intermittently generated between discharge electrode 1 and counter electrode 2. At this time,
mechanical vibration occurs in liquid 40 due to the periodic variation of the application voltage. Here, the "application
voltage" described in the present disclosure means a voltage applied between discharge electrode 1 and counter elec-
trode 2 by voltage application unit 3 in order to generate a discharge.
[0020] As will be described in detail later, due to application of a voltage (application voltage) between discharge
electrode 1 and counter electrode 2, liquid 40 retained on discharge electrode 1 is formed into a conical shape called a
Taylor cone by receiving force due to an electric field as shown in FIG. 6A. Therefore, the electric field is concentrated
on tip 40a (vertex) of the Taylor cone. In this case, the sharper tip 40a of the Taylor cone, that is, the smaller (the more
acute) the vertex angle of the cone, the smaller the electric field strength required for dielectric breakdown. As a result,
it becomes easy to generate a discharge between discharge electrode 1 and counter electrode 2 with weak electric field
strength.
[0021] Further, liquid 40 retained on discharge electrode 1 is alternately deformed into a first shape and a second
shape by the mechanical vibration. The first shape indicates the shape of the Taylor cone shown in FIG. 6A. The second
shape indicates a shape in which tip 40a (vertex) of the Taylor cone is crushed (not shown). As a result, the shape of
the Taylor cone described above is periodically formed. Therefore, a discharge is intermittently generated between
discharge electrode 1 and counter electrode 2 at the timing at which the Taylor cone shown in FIG. 6A is formed.
[0022] Further, in discharge device 10, discharge electrode 1 and protruding electrode 23 of counter electrode 2 are
disposed to face each other with a gap therebetween in the first direction (Y-axis direction). Then, when the application
voltage is applied between discharge electrode 1 and protruding electrode 23 of counter electrode 2 by voltage application
unit 3, a discharge is generated. At this time, when a discharge occurs, discharge path 200 (see FIG. 6A) is formed in
which dielectric breakdown partially occurs in at least a part of a region between discharge electrode 1 and protruding
electrode 23. Formed discharge path 200 includes first dielectric breakdown region 201 and second dielectric breakdown
region 202. First dielectric breakdown region 201 is generated around discharge electrode 1. Second dielectric breakdown
region 202 is generated around protruding electrode 23. That is, discharge path 200 in which dielectric breakdown occurs
not entirely but partially (locally) is formed between discharge electrode 1 and protruding electrode 23 of counter electrode
2.
[0023] The "dielectric breakdown" described in the present disclosure means that electrical insulation of an insulator
(including gas) separating conductors is broken, and the insulating state cannot be maintained. Specifically, in a case
of dielectric breakdown of a gas, for example, ionized molecules are accelerated by an electric field and collide with
other gas molecules to be ionized. Then, the ion concentration suddenly increases to cause a gas discharge, so that
dielectric breakdown occurs. That is, in discharge device 10 according to the present exemplary embodiment, when a
discharge occurs, the gas (air) present in the path connecting discharge electrode 1 and protruding electrodes 23 has
dielectric breakdown locally, that is, only in a part thereof. Thus, discharge path 200 formed between discharge electrode
1 and protruding electrode 23 does not reach entire dielectric breakdown, but only has partial dielectric breakdown.
[0024] In this case, discharge path 200 includes first dielectric breakdown region 201 generated around discharge
electrode 1 and second dielectric breakdown region 202 generated around protruding electrode 23 of counter electrode
2 as described above. First dielectric breakdown region 201 indicates a region where dielectric breakdown occurs around
discharge electrode 1, and second dielectric breakdown region 202 indicates a region where dielectric breakdown occurs
around protruding electrode 23. Then, first dielectric breakdown region 201 and second dielectric breakdown region 202
are generated in distant regions of discharge path 200 so as not to come into contact with each other. In other words,
in discharge path 200, first dielectric breakdown region 201 and second dielectric breakdown region 202 are separated
from each other. Therefore, discharge path 200 includes a region (insulation region) where dielectric breakdown does
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not occur at least between first dielectric breakdown region 201 and second dielectric breakdown region 202. Thus,
discharge path 200 between discharge electrode 1 and protruding electrode 23 includes a region where dielectric
breakdown occurs partially while keeping an insulation region in at least a part thereof. As a result, discharge path 200
is formed in a state where the electrical insulation is lowered.
[0025] As described above, according to discharge device 10, discharge path 200 in which dielectric breakdown occurs
not entirely but partially is formed between discharge electrode 1 and protruding electrode 23 of counter electrode 2.
With this configuration, even when discharge path 200 in which partial dielectric breakdown occurs, in other words,
discharge path 200 including a region where dielectric breakdown does not occur in a part thereof, is used, a current
flows between discharge electrode 1 and protruding electrode 23 through discharge path 200, and thus, a discharge
occurs.
[0026] Note that the discharge in a mode in which discharge path 200 having partial dielectric breakdown is formed
will be referred to as "partial breakdown discharge" below. The partial breakdown discharge will be described in detail
in the section of "(2.4) Partial breakdown discharge".
[0027] Here, the partial breakdown discharge generates a large amount of energy as compared with a corona discharge.
Therefore, in the partial breakdown discharge, oxygen and nitrogen in the air chemically react with each other to generate
an acidic component such as nitrogen oxide. When attached to, for example, skin, the generated acidic component
makes the skin mildly acidic. Therefore, the acidic component accelerates, in the skin, the production of moisturizing
ingredients such as natural moisturizing molecules and intercellular lipids. In other words, the acidic component has an
effect of boosting the ability of the skin to retain moisture. In addition, the acidic component tightens cuticle that covers
the surface of the hair. That is, the acidic component also has an effect of preventing discharge of water, nutrients, and
the like from inside of the hair.
[0028] In addition, when acidic components are generated by the partial breakdown discharge, ozone is also generated
simultaneously. However, discharge device 10 according to the present exemplary embodiment is configured such that
an electric field is concentrated on the tip of protruding electrode 23. Therefore, a generated amount of ozone can be
suppressed to the same extent as that in the corona discharge.
[0029] Further, in the partial breakdown discharge, large amounts of radicals about 2 to 10 times as much as that in
the corona discharge are generated. The generated radicals are the basis for providing useful effects in various situations,
besides sterilization, deodorization, moisture retention, freshness retention, and inactivation of viruses. Therefore, the
generated radicals can also be effectively utilized.
[0030] On the other hand, apart from the partial breakdown discharge, there is a discharge in a mode in which a
phenomenon where dielectric breakdown (entire breakdown) occurs due to development of a corona discharge is inter-
mittently repeated. In the following description, the discharge in such a mode will be referred to as "entire breakdown
discharge".
[0031] The entire breakdown discharge occurs by an operation described below.
[0032] First, when a corona discharge develops, and dielectric breakdown (entire breakdown) occurs, a relatively large
discharge current flows instantaneously. Immediately after a large discharge current flows, the application voltage drops,
and the discharge current is cut off. When the discharge current is cut off, the application voltage rises again, leading
to dielectric breakdown. That is, the abovementioned phenomenon is repeated in the entire breakdown discharge. In
this case, even in the entire breakdown discharge, a large amount of energy is also generated as compared with the
corona discharge, as in the partial breakdown discharge. Therefore, acidic components such as nitrogen oxides are
generated by the entire breakdown discharge. However, the energy generated by the entire breakdown discharge is
much larger than the energy generated by the partial breakdown discharge. Thus, electrolytic corrosion of the electrodes
(discharge electrode 1, protruding electrodes 23) due to the energy at the time of discharge becomes larger than that
in the partial breakdown discharge. Therefore, considering the life of discharge device 10, it is preferable to limit the
discharge to the partial breakdown discharge.
[0033] That is, in discharge device 10 according to the present exemplary embodiment, the partial breakdown discharge
or the entire breakdown discharge is caused between discharge electrode 1 and protruding electrode 23 of counter
electrode 2 that face each other in the first direction with a gap therebetween. With this configuration, the produced
amount of acidic components can be increased as compared with the case of the corona discharge. Further, due to the
electric field being concentrated on the tip of protruding electrode 23, the generated amount of ozone can be suppressed
to the same extent as that in the corona discharge.

(2) Details

[0034] Hereinafter, discharge device 10 and hair care device 100 according to the present exemplary embodiment
will be described in detail with reference to FIGS. 1 to 5.
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(2.1) Hair care device

[0035] Hereinafter, a hair dryer shown in FIG. 2A will be described as an example of hair care device 100.
[0036] As shown in FIG. 2A, hair care device 100 includes discharge device 10, airflow generator 20, and the like.
Hair care device 100 further includes casing 101, grip 102, power cord 103, and the like. Hair care device 100 may be
a hair iron or the like.
[0037] Airflow generator 20 includes, for example, a small blower fan. Airflow generator 20 generates an airflow blown
out from an opening of casing 101 using the outside air introduced by the blower fan. As shown in FIG. 2B, hair care
device 100 according to the present exemplary embodiment is configured such that a part of the airflow generated by
airflow generator 20 passes through counter electrode 2 of discharge device 10.
[0038] Casing 101 is made of a molded article formed using a synthetic resin such as ABS, and is formed in a tubular
shape extending in the front-rear direction. Casing 101 is provided with vent hole 104 formed in the front surface, vent
hole 104 penetrating housing 101 in the front-rear direction (Y-axis direction). Casing 101 houses inside discharge device
10, airflow generator 20, and the like. As described above, discharge device 10 generates the active ingredients (acidic
components, radicals, charged fine particle water, etc.). The generated active ingredients are discharged to the outside
of casing 101 through vent hole 104 by the airflow from airflow generator 20. Grip 102 is connected to a lower end of
casing 101.
[0039] Similar to casing 101, grip 102 is made of a molded article formed using a synthetic resin such as ABS, and is
formed in a tubular shape extending in the vertical direction. Grip 102 is connected to casing 101 so as to be movable
(foldable) between a first position and a second position. The first position indicates a position in which the longitudinal
direction of grip 102 is along the vertical direction (a direction intersecting the longitudinal direction of casing 101: the
Z-axis direction) as shown in FIG. 2A. The second position indicates a position where the longitudinal direction of grip
102 is along the front-rear direction (a direction substantially parallel to the longitudinal direction of casing 101: the Y-
axis direction).
[0040] As shown in FIG. 2A, hair care device 100 according to the present exemplary embodiment is supplied with
AC power from the outside via power cord 103 extending downward from the lower end of grip 102. Then, discharge
device 10, airflow generator 20, and the like of hair care device 100 are driven by the supplied AC power.

(2.2) Discharge device

[0041] As shown in FIGS. 1 and 3, discharge device 10 includes discharge electrode 1, counter electrode 2, voltage
application unit 3, liquid supply unit 4, and the like. Discharge electrode 1, counter electrode 2, voltage application unit
3, and liquid supply unit 4 are held in electrically insulating housing 5 made of a synthetic resin such as polycarbonate.
[0042] Discharge electrode 1 is composed of, for example, a rod-shaped electrode. Discharge electrode 1 has tip 11
at one end (upper end) in the longitudinal direction (vertical direction: Y-axis direction), and base end 12 on the other
end (an end opposite to the tip, a lower end) in the longitudinal direction. Discharge electrode 1 is a needle-shaped
electrode in which at least tip 11 has a tapered shape. Here, the "tapered shape" is not limited to a shape having a sharp
tip, but also includes a shape having a rounded tip as shown in FIG. 1, etc. In the present exemplary embodiment, tip
11 of discharge electrode 1 is formed in a spherical shape having a diameter of, for example, 0.5 mm.
[0043] Counter electrode 2 is disposed at a position facing tip 11 of discharge electrode 1 in the first direction (front-
rear direction: Y-axis direction). Counter electrode 2 is made of, for example, titanium. As shown in FIGS. 4A and 4B,
counter electrode 2 includes a plate-shaped electrode body 21 that extends in the lateral direction (X-axis direction). In
counter electrode 2, dome-shaped electrode 22 projecting forward (in the Y-axis direction) is integrally formed in the
center of electrode body 21. That is, dome-shaped electrode 22 is formed in a flat hemispherical shell shape in the front-
rear direction by recessing a part of electrode body 21 toward the front (Y-axis direction) by, for example, a drawing die.
[0044] Further, as shown in FIG. 4B, dome-shaped electrode 22 has inner surface 221 that is recessed forward (in
the Y-axis direction). In other words, dome-shaped electrode 22 has recessed inner surface 221 recessed to a side
opposite to discharge electrode 1, which faces dome-shaped electrode 22, in the first direction. As shown in FIG. 4B,
inner surface 221 has inner diameter D1 at first edge 221a (front edge) in the first direction (front-rear direction) smaller
than inner diameter D2 at second edge 221b (rear edge).
[0045] Discharge electrode 1 and counter electrode 2 are disposed such that, as shown in FIG. 1, central axis A1 of
discharge electrode 1 and central axis A2 of dome-shaped electrode 22 of counter electrode 2 coincide with each other
in a state where discharge electrode 1 and counter electrode 2 are held in housing 5. Thus, discharge electrode 1 and
counter electrode 2 are disposed such that tip 11 of discharge electrode 1 and inner surface 221 of dome-shaped
electrode 22 of counter electrode 2 face each other in the first direction (front-rear direction). Therefore, when the
application voltage is applied between discharge electrode 1 and counter electrode 2, uniformity of the electric field at
tip 11 of discharge electrode 1 can be improved. As a result, when the application voltage is applied from voltage
application unit 3, it is possible to reduce a variation in the shape of the Taylor cone formed on tip 11 of discharge
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electrode 1.
[0046] Opening 222 is formed at the front end of dome-shaped electrode 22 of counter electrode 2, that is, at the end
opposite to discharge electrode 1 that faces counter electrode 2. In the present exemplary embodiment, opening 222
is formed in a circular shape when viewed in the front-rear direction (first direction) as shown in FIG. 4A.
[0047] Further, a plurality of (for example, two) protruding electrodes 23 protruding from opening edge 222a (inner
peripheral edge) is integrally formed in opening 222. Specifically, each of the plurality of protruding electrodes 23 is
formed so as to protrude in the lateral direction (second direction) from opening edge 222a of opening 222. That is, each
of the plurality of protruding electrodes 23 is formed so as to protrude from opening edge 222a of opening 222 toward
the center of opening 222.
[0048] The plurality of protruding electrodes 23 is arranged, for example, at equal intervals along the circumferential
direction of opening 222. The plurality of protruding electrodes 23 of the present exemplary embodiment is a pair of
protruding electrodes 23, and the pair of protruding electrodes 23 is provided at positions distant from each other by
180 degrees in the circumferential direction of opening 222. In other words, the pair of protruding electrodes 23 is provided
at positions symmetrical about the center of opening 222 as the point of symmetry (center of symmetry). Opening 222
and the pair of protruding electrodes 23 are formed (molded) by, for example, a punching die. The specific shape of
protruding electrode 23 will be described in the section of "(2.3) Shape of protruding electrode".
[0049] Dome-shaped electrode 22 formed on electrode body 21 of counter electrode 2 has a pair of caulking holes
211 penetrating in the front-rear direction (Y-axis direction) on both the left and right sides. Counter electrode 2 of the
present exemplary embodiment is subjected to heat caulking after a pair of caulking projections 51 formed on housing
5 shown in FIG. 2B is inserted into a pair of caulking holes 211. Thus, counter electrode 2 is caulked and fixed to housing
5. Further, as shown in FIG. 4A, electrode body 21 has grounding terminal piece 24 integrally formed at the lower right
corner.
[0050] As shown in FIG. 3, liquid supply unit 4 supplies liquid 40 for electrostatic atomization to discharge electrode
1. As an example, liquid supply unit 4 is achieved using cooling device 41 that cools discharge electrode 1 to generate
condensation water on discharge electrode 1. Specifically, as shown in FIG. 1, cooling device 41 includes, for example,
a plurality of (four in the example of FIG. 1) Peltier elements 411, radiator plate 412, insulating plate 413, and the like.
The plurality of Peltier elements 411 is held by radiator plate 412. Each of the plurality of Peltier elements 411 is arranged
such that the upper side is a heat-absorbing side and the lower side is a heat-dissipation side. That is, the plurality of
Peltier elements 411 is held by radiator plate 412 on the heat-dissipation side. Cooling device 41 cools discharge
electrode 1 by applying a current to the plurality of Peltier elements 411.
[0051] Further, the plurality of Peltier elements 411 is mechanically connected to discharge electrode 1 via insulating
plate 413. That is, discharge electrode 1 is mechanically connected to insulating plate 413 via base end 12. On the other
hand, the plurality of Peltier elements 411 is mechanically connected to insulating plate 413 on the heat-absorbing side
(upper side). Thus, discharge electrode 1 and the plurality of Peltier elements 411 are electrically insulated by insulating
plate 413 and the like.
[0052] Cooling device 41 in the present exemplary embodiment cools discharge electrode 1 mechanically connected
to Peltier elements 411 on the heat-absorbing side by applying a current to the plurality of Peltier elements 411. At this
time, cooling device 41 cools entire discharge electrode 1 through base end 12 of discharge electrode 1. Accordingly,
the moisture in the air condenses and adheres to the surface of discharge electrode 1 as condensation water. That is,
liquid supply unit 4 is configured to cool discharge electrode 1 and generate condensation water as liquid 40 on the
surface of discharge electrode 1. According to this configuration, liquid supply unit 4 supplies liquid 40 (condensation
water) to discharge electrode 1 using the moisture in the air. This eliminates the need to provide another device for
supplying and replenishing the liquid to discharge device 10.
[0053] As shown in FIG. 3, voltage application unit 3 includes, for example, an isolated AC/DC converter. Voltage
application unit 3 converts AC power supplied from AC power supply AC via power cord 103 into DC power. Voltage
application unit 3 then applies the converted DC power between discharge electrode 1 and counter electrode 2.
[0054] Specifically, voltage application unit 3 includes diode bridge 31, isolation transformer 32, capacitor 33, resistors
34 and 35, a pair of input terminals 361 and 362, a pair of output terminals 371 and 372, and the like.
[0055] Diode bridge 31 is, for example, an element in which four diodes are connected in bridge. A pair of input ends
of diode bridge 31 is electrically connected to the pair of input terminals 361 and 362. A pair of output ends of diode
bridge 31 is electrically connected between both ends of primary winding 321 of isolation transformer 32. Diode bridge
31 rectifies (for example, provides full-wave rectification of) the AC power from AC power supply AC input via the pair
of input terminals 361 and 362.
[0056] Isolation transformer 32 includes primary winding 321 and secondary winding 322. Primary winding 321 is
electrically insulated from and magnetically coupled to secondary winding 322. One end of secondary winding 322 is
electrically connected to, for example, output terminal 371 of the pair of output terminals 371 and 372, and the other
end of secondary winding 322 is electrically connected to other output terminal 372 via resistor 35. Further, smoothing
capacitor 33 and resistor 34 are electrically connected in parallel between both ends of secondary winding 322.
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[0057] AC power supply AC is electrically connected between the pair of input terminals 361 and 362 of voltage
application unit 3. Counter electrode 2 is electrically connected to, for example, output terminal 371 of the pair of output
terminals 371 and 372, and discharge electrode 1 is electrically connected to other output terminal 372.
[0058] Voltage application unit 3 applies a high voltage to discharge electrode 1 and counter electrode 2. Here, the
"high voltage" indicates a voltage high enough to cause the abovementioned partial breakdown discharge between
discharge electrode 1 and counter electrode 2. Specifically, voltage application unit 3 applies a DC voltage of, for example,
about -4 kV to discharge electrode 1 with counter electrode 2 grounded via terminal piece 24. In other words, in a state
where a high voltage is applied from voltage application unit 3 to discharge electrode 1 and counter electrode 2, a
potential difference with a side of counter electrode 2 being high and a side of discharge electrode 1 being low is generated
between discharge electrode 1 and counter electrode 2.
[0059] Note that the value of the high voltage applied from voltage application unit 3 to discharge electrode 1 and
counter electrode 2 is set, as appropriate, depending on, for example, the shapes of discharge electrode 1 and counter
electrode 2, the distance between discharge electrode 1 and counter electrode 2, etc.
[0060] According to voltage application unit 3 described above, when the application voltage applied between output
terminals 371 and 372 reaches a predetermined voltage (a voltage at which a discharge starts), a discharge occurs
between discharge electrode 1 and counter electrode 2. Along with the discharge, a relatively large discharge current
flows through voltage application unit 3. At this time, the discharge current flows through resistors 34 and 35 of voltage
application unit 3. Thus, the application voltage applied between output terminals 371 and 372 becomes smaller than
the predetermined voltage, so that the discharge current is interrupted. After that, the application voltage increases due
to the interruption of the discharge current, and reaches the predetermined voltage again. When the application voltage
reaches the predetermined voltage, a discharge is generated between discharge electrode 1 and counter electrode 2
again, and a discharge current flows. Then, after that, the abovementioned operation is repeated. Accordingly, a discharge
occurs intermittently.

(2.3) Shape of protruding electrode

[0061] Discharge device 10 according to the present exemplary embodiment aims to increase the produced amount
of acidic components. To this end, discharge device 10 is configured such that a partial breakdown discharge occurs
between discharge electrode 1 and protruding electrode 23 of counter electrode 2.
[0062] Further, in order to reduce the generated amount of ozone, discharge device 10 needs to have a configuration
for concentrating an electric field on the tip of protruding electrode 23. In this case, protruding electrode 23 preferably
has a triangular shape as shown in FIG. 5. In other words, the shape of protruding electrode 23 when viewed in the first
direction (front-rear direction) is preferably a triangle. The term "triangle" or "triangular shape" described in the present
disclosure is not limited to a so-called common triangle having three vertices. For example, a shape in which the tip is
rounded as in protruding electrode 23 shown in FIG. 5 is also included.
[0063] Further, in order to concentrate the electric field on tip 230 of protruding electrode 23 formed in a triangular
shape, , preferably, the angle (vertex angle θ1) of tip 230 of protruding electrode 23 is an acute angle. Meanwhile,
protruding electrode 23 is formed (molded) by a punching die as described above. During formation, if the angle of tip
230 of protruding electrode 23 is too small, there is a high possibility that the punching die will be damaged. In view of
this, it is preferable that, in order to concentrate the electric field on tip 230 of protruding electrode 23 while preventing
damage of the punching die, the angle of tip 230 of protruding electrode 23 is, for example, 60 degrees or more. That
is, as shown in FIG. 5, vertex angle θ1 of the triangle is preferably 60 degrees or more. Further, vertex angle θ1 of the
triangle is more preferably 90 degrees.
[0064] Note that the shape of the triangle is preferably an isosceles triangle including an equilateral triangle. In this
case, if the length of base 231 of the triangle is L1, and the length of perpendicular line 233 from vertex 232 facing base
231 to base 231 is L2, Equation (1) is established.
[Equation 1] 

[0065] From Equation (1), when vertex angle θ1 of the triangle is 60 degrees or more, length L1 of base 231 is longer
than length L2 of perpendicular line 233. That is, base 231 of the triangle is longer than perpendicular line 233 from
vertex 232 facing base 231 to base 231. In this case, it is further preferable that length L2 of perpendicular line 233 of
the triangle is less than or equal to a half of radius r1 of opening 222, as shown in FIG. 5. When protruding electrode
23 is formed to have the abovementioned triangular shape, the electric field can be concentrated on tip 230 of protruding
electrode 23 while preventing damage to the punching die. As a result, a partial breakdown discharge between discharge
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electrode 1 and protruding electrode 23 can be stably generated.
[0066] Note that, in the present exemplary embodiment, length L1 of base 231 of the triangle of protruding electrode
23 is, for example, 1 mm or less.
[0067] On the other hand, when tip 230 of protruding electrode 23 is sharp, the electric field is likely to concentrate
on tip 230. Therefore, electrolytic corrosion is likely to occur at tip 230 of protruding electrode 23 due to the electric field.
As a result, the discharge state in the partial breakdown discharge between discharge electrode 1 and protruding
electrode 23 may change over time due to shape variation by electrolytic corrosion. Therefore, it is more preferable that
tip 230 of protruding electrode 23 has a curved surface such that the discharge state does not change over time.
[0068] In view of this, as shown in FIGS. 4B and 5, each of the pair of protruding electrodes 23 of the present exemplary
embodiment includes first curved surface 230a formed on a tip surface (left end surface or right end surface) of tip 230
and second curved surface 230b formed on the lower surface of tip 230 facing discharge electrode 1. That is, the surface
facing discharge electrode 1 at tip 230 of each of protruding electrodes 23 has a curved surface. In the present exemplary
embodiment, first curved surface 230a and second curved surface 230b are formed to have a radius of curvature of, for
example, about 0.1 mm.
[0069] With this configuration, the electric field is concentrated on the curved surfaces (first curved surface 230a and
second curved surface 230b) formed on tips 230 of protruding electrodes 23. Therefore, the occurrence of electrolytic
corrosion can be suppressed as compared with the configuration where tips 230 of protruding electrodes 23 are sharp.
As a result, the occurrence of a change over time in the discharge state due to the shape variation of tips 230 of protruding
electrodes 23 is suppressed. Consequently, the discharge state of discharge device 10 can be stably maintained for a
long period of time.

(2.4) Partial breakdown discharge

[0070] Hereinafter, the partial breakdown discharge generated when the application voltage is applied between dis-
charge electrode 1 and counter electrode 2 will be described with reference to FIGS. 6A and 6B.
[0071] FIG. 6A is a conceptual diagram for describing the partial breakdown discharge when liquid 40 is retained on
discharge electrode 1. FIG. 6B is a conceptual diagram for describing the partial breakdown discharge when liquid 40
is not retained on discharge electrode 1. Note that, in the description with reference to FIG. 6A and the description with
reference to FIG. 6B, "liquid 40 retained on discharge electrode 1" may be replaced by "tip 11 of discharge electrode
1". Therefore, in the following, only FIG. 6A will be described, and the description of FIG. 6B will be omitted.
[0072] Discharge device 10 according to the present exemplary embodiment first causes a local corona discharge in
liquid 40 retained on discharge electrode 1. Since discharge electrode 1 of the present exemplary embodiment is on the
negative electrode side, the corona discharge generated in liquid 40 retained on discharge electrode 1 is a negative
corona discharge.
[0073] Then, discharge device 10 develops the corona discharge generated in liquid 40 retained on discharge electrode
1 to a higher energy discharge. Due to the discharge with higher energy, discharge path 200 in which the partial dielectric
breakdown occurs is formed between discharge electrode 1 and counter electrode 2.
[0074] At this time, the partial breakdown discharge is accompanied by partial dielectric breakdown between discharge
electrode 1 and counter electrode 2, but dielectric breakdown is not continuously generated. That is, the partial breakdown
discharge is a discharge in which the dielectric breakdown occurs intermittently. Therefore, the flow of the discharge
current generated between discharge electrode 1 and counter electrode 2 also occurs intermittently. That is, in a case
where the power supply (voltage application unit 3) does not have a current capacity required to maintain discharge
path 200, the voltage applied between discharge electrode 1 and counter electrode 2 reduces as soon as the corona
discharge develops to the partial breakdown discharge. As a result, discharge path 200 formed between discharge
electrode 1 and counter electrode 2 is interrupted, and the discharge is stopped. Note that the "current capacity" indicates
a capacity of current that can be released in a unit time.
[0075] Then, the discharge current flows intermittently between discharge electrode 1 and counter electrode 2 due to
the repetition of generation and stop of the discharge as described above. As described above, in the partial breakdown
discharge, a state having high discharge energy and a state having low discharge energy are repeated, and in that point,
the partial breakdown discharge is different from a glow discharge and an arc discharge in which dielectric breakdown
occurs continuously (that is, a discharge current is continuously generated).
[0076] More specifically, voltage application unit 3 first applies an application voltage between discharge electrode 1
and counter electrodes 2 which face each other with a gap therebetween. Accordingly, a discharge is generated between
liquid 40 retained on discharge electrode 1 and counter electrode 2. At this time, when the discharge occurs, discharge
path 200 in which dielectric breakdown partially occurs is formed between discharge electrode 1 and counter electrode 2.
[0077] That is, discharge path 200 in which dielectric breakdown occurs not entirely but partially (locally) is formed
between discharge electrode 1 and counter electrode 2. Thus, in the partial breakdown discharge, discharge path 200
formed between discharge electrode 1 and counter electrode 2 does not reach entire dielectric breakdown, but has
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partial dielectric breakdown.
[0078] Here, discharge path 200 includes first dielectric breakdown region 201 generated around discharge electrode
1 and second dielectric breakdown region 202 generated around counter electrode 2 as described above. First dielectric
breakdown region 201 is a region where dielectric breakdown occurs around discharge electrode 1. Second dielectric
breakdown region 202 is a region where dielectric breakdown occurs around counter electrode 2.
[0079] At this time, discharge electrode 1 retains liquid 40 as shown in FIG. 6A. Therefore, when the application voltage
is applied between liquid 40 and counter electrode 2, first dielectric breakdown region 201 is generated particularly near
the tip of liquid 40 in a region around discharge electrode 1.
[0080] First dielectric breakdown region 201 and second dielectric breakdown region 202 are generated apart from
each other in discharge path 200 so as not to come into contact with each other. Therefore, discharge path 200 includes
a region (insulation region) where dielectric breakdown does not occur at least between first dielectric breakdown region
201 and second dielectric breakdown region 202. Accordingly, in the partial breakdown discharge, the space between
liquid 40 retained on discharge electrode 1 and counter electrode 2 does not reach entire dielectric breakdown, but has
only partial dielectric breakdown, and the discharge current flows through the space via discharge path 200. That is,
when discharge path 200 in which partial dielectric breakdown occurs, in other words, discharge path 200 partially
including a region where dielectric breakdown does not occur, is used, a discharge current flows between discharge
electrode 1 and counter electrode 2 through discharge path 200, and a discharge occurs.
[0081] In this case, second dielectric breakdown region 202 is basically generated around the portion of counter
electrode 2 where the distance (spatial distance) to discharge electrode 1 is the shortest. In discharge device 10 according
to the present exemplary embodiment, angle θ2 between central axis P1 of discharge electrode 1 and the protrusion
direction (X-axis direction) of protruding electrode 23 is 90 degrees as shown in FIG. 6A. Therefore, distance D3 (see
FIG. 6A) between second curved surface 230b of tip 230 of protruding electrode 23 of counter electrode 2 and tip 40a
(vertex) of the Taylor cone of liquid 40 formed on discharge electrode 1 is the shortest. That is, second dielectric
breakdown region 202 is generated in the vicinity of the periphery of second curved surface 230b of tip 230 of protruding
electrode 23.
[0082] Here, counter electrode 2 of the present exemplary embodiment has a plurality of (for example, two) protruding
electrodes 23 as described above. Protruding electrodes 23 are disposed such that distance D3 from each protruding
electrode 23 to discharge electrode 1 is the same. Therefore, second dielectric breakdown region 202 is generated in
the vicinity of the periphery of second curved surface 230b of tip 230 of any one of protruding electrodes 23 among the
plurality of protruding electrodes 23. That is, protruding electrode 23 on which second dielectric breakdown region 202
is generated is not limited to specific protruding electrode 23, and is randomly determined among the plurality of protruding
electrodes 23 due to various factors in the event of a discharge.
[0083] In other words, in the partial breakdown discharge, first dielectric breakdown region 201 is generated in the
vicinity of the periphery of discharge electrode 1 so as to extend from discharge electrode 1 toward counter electrode
2 which is a counterpart as shown in FIG. 6A. On the other hand, second dielectric breakdown region 202 is generated
in the vicinity of the periphery of counter electrode 2 so as to extend from counter electrode 2 toward discharge electrode
1 which is a counterpart. With this configuration, first dielectric breakdown region 201 and second dielectric breakdown
region 202 are generated so as to respectively extend from discharge electrode 1 and counter electrode 2 in a direction
in which they attract each other. Therefore, each of first dielectric breakdown region 201 and second dielectric breakdown
region 202 is generated in the direction along discharge path 200 with a predetermined length according to the strength
of the electric field generated by the application voltage.
[0084] As described above, in the partial breakdown discharge, the region where dielectric breakdown partially occurs
(first dielectric breakdown region 201 and second dielectric breakdown region 202) is generated to have a shape extending
in a specific direction along discharge path 200.
[0085] Further, in the abovementioned partial breakdown discharge, a large amount of energy is generated as com-
pared with the corona discharge. Due to the large amount of energy, oxygen and nitrogen in the air chemically react
with each other, for example, to generate an acidic component such as nitrogen oxide. When attached to, for example,
skin, the generated acidic component makes the skin mildly acidic. Therefore, the acidic component accelerates, in the
skin, the production of moisturizing ingredients such as natural moisturizing molecules and intercellular lipids. In other
words, the acidic component has an effect of boosting the ability of the skin to retain moisture. In addition, the acidic
component tightens cuticle that covers the surface of the hair. That is, the acidic component also has an effect of
preventing discharge of water, nutrients, and the like from inside of the hair.
[0086] In addition, when acidic components are generated by the partial breakdown discharge, ozone is also generated
simultaneously. Meanwhile, discharge device 10 according to the present exemplary embodiment is configured such
that an electric field is concentrated on tip 230 of protruding electrode 23. Accordingly, the generated amount of ozone
can be suppressed to the same extent as that in a corona discharge.
[0087] Further, in the partial breakdown discharge, large amounts of radicals about 2 to 10 times as much as that in
the corona discharge are generated. The generated radicals are the basis for providing useful effects in various situations,
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besides sterilization, deodorization, moisture retention, freshness retention, and inactivation of viruses. Therefore, the
generated radicals can also be effectively utilized.

(3) Product

[0088] Hereinafter, a product produced by discharge device 10 according to the present exemplary embodiment will
be described with reference to FIGS. 7A, 7B, and 8.
[0089] FIG. 7A is a graph showing a relationship among the magnitude of the discharge current flowing between
discharge electrode 1 and counter electrode 2, presence or absence of protruding electrode 23, and a ratio of a produced
amount of acidic components. FIG. 7B is a graph showing a relationship among the magnitude of the discharge current
flowing between discharge electrode 1 and counter electrode 2, presence or absence of protruding electrode 23, and a
ratio of a generated amount of ozone. FIG. 8 is a graph showing a relationship between presence or absence of protruding
electrode 23 and a ratio of a produced amount of charged fine particle water.

(3.1) Produced amount of acidic components

[0090] First, the produced amount of acidic components by the discharge generated between discharge electrode 1
and counter electrode 2 will be described with reference to FIG. 7A.
[0091] In FIG. 7A, a corona discharge in which a discharge current is smaller than that in a partial breakdown discharge
is indicated as a comparison target for the produced amount of acidic components.
[0092] That is, in FIG. 7A, the case in which the discharge current is small corresponds to a corona discharge, and
the case in which the discharge current is large corresponds to a partial breakdown discharge. Further, in FIG. 7A, the
produced amount of acidic components in a case where the corona discharge occurs without providing protruding
electrode 23 to counter electrode 2 is set as a reference value (1.0), and produced amounts of acidic components are
expressed in a ratio to the reference value.
[0093] It can be seen from FIG. 7A that, in the case where the corona discharge occurs and counter electrode 2 is
provided with protruding electrode 23, discharge device 10 produces an acidic component in an amount 1.2 times the
reference value. Similarly, it can be seen that, in the case where the partial breakdown discharge occurs and counter
electrode 2 is not provided with protruding electrode 23, discharge device 10 produces an acidic component in an amount
1.2 times the reference value. On the other hand, it can be seen that, in the case where the partial breakdown discharge
occurs and counter electrode 2 is provided with protruding electrode 23, discharge device 10 produces an acidic com-
ponent in an amount 1.6 times the reference value.
[0094] That is, due to the configuration in which the partial breakdown discharge is generated between discharge
electrode 1 and counter electrode 2, and protruding electrode 23 is provided on counter electrode 2, discharge device
10 according to the present exemplary embodiment can significantly increase the produced amount of acidic components.

(3.2) Generated amount of ozone

[0095] Next, the generated amount of ozone generated by the discharge caused between discharge electrode 1 and
counter electrode 2 will be described with reference to FIG. 7B.
[0096] Similar to FIG. 7A, in FIG. 7B, a corona discharge in which a discharge current is smaller than that in partial
breakdown discharge is indicated as a comparison target for the generated amount of ozone.
[0097] That is, in FIG. 7B, the case in which the discharge current is small corresponds to a corona discharge, and
the case in which the discharge current is large corresponds to a partial breakdown discharge. Further, in FIG. 7B, the
generated amount of ozone in a case where the corona discharge occurs without providing protruding electrode 23 to
counter electrode 2 is set as a reference value (1.0), and generated amounts of ozone are expressed in a ratio to the
reference value.
[0098] It can be seen from FIG. 7B that, in the case where the corona discharge occurs and counter electrode 2 is
provided with protruding electrode 23, discharge device 10 generates ozone in an amount 0.7 times the reference value.
On the other hand, it can be seen that, in the case where the partial breakdown discharge occurs and counter electrode
2 is not provided with protruding electrode 23, discharge device 10 generates ozone in an amount 1.2 times the reference
value. Further, it can be seen that, in the case where the partial breakdown discharge occurs and counter electrode 2
is provided with protruding electrode 23, discharge device 10 generates ozone in an amount 0.9 times the reference value.
[0099] That is, it can be found that, in discharge device 10 in which protruding electrode 23 is provided on counter
electrode 2, the generated amount of ozone decreases in both the corona discharge and the partial breakdown discharge.
[0100] Here, the reason why the generated amount of ozone decreases is presumed as follows. First, the reaction
between ozone and nitrogen or nitrogen oxides proceeds due to the discharge between discharge electrode 1 and
counter electrode 2 (protruding electrode 23). Accordingly, ozone disappears, and it is estimated that the generated
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amount of ozone will decrease.
[0101] Further, as shown in FIG. 7B, in discharge device 10 in which protruding electrode 23 is provided on counter
electrode 2, the reduction in an amount of ozone is slightly greater in the corona discharge than in the partial breakdown
discharge. However, the produced amount of acidic components is larger in the partial breakdown discharge than in the
corona discharge as shown in FIG. 7A.
[0102] It can be found from the above results that, considering both amounts, the configuration in which the partial
breakdown discharge is caused, and protruding electrode 23 is provided on counter electrode 2 is the most preferable.
That is, due to the configuration in which the partial breakdown discharge is generated between discharge electrode 1
and counter electrode 2, and protruding electrode 23 is provided on counter electrode 2, discharge device 10 can reduce
the generated amount of ozone, while increasing the produced amount of acidic components.

(3.3) Produced amount of charged fine particle water

[0103] Next, the produced amount of charged fine particle water by the partial breakdown discharge caused between
discharge electrode 1 and counter electrode 2 will be described with reference to FIG. 8.
[0104] In FIG. 8, the produced amount of charged fine particle water in discharge device 10 in the case where counter
electrode 2 is not provided with protruding electrode 23 is set as a reference value (1.0), and a produced amount of
charged fine particle water is expressed in a ratio to the reference value.
[0105] It can be seen from FIG. 8 that, when protruding electrode 23 is provided on counter electrode 2 and the partial
breakdown discharge is generated between liquid 40 retained on discharge electrode 1 and protruding electrode 23,
charged fine particle water in an amount 5 times the reference value is produced. That is, it can be found that, due to
the formation of protruding electrode 23 on counter electrode 2, the produced amount of charged fine particle water can
be significantly increased as compared with the configuration having no protruding electrode 23.

(4) Modifications

[0106] The exemplary embodiment is only one of various exemplary embodiments of the present disclosure. The
exemplary embodiment described above can be variously modified according to the design and the like as long as the
object of the present disclosure can be achieved. Modifications of the abovementioned exemplary embodiment will be
described below. Further, the modifications described below can be applied in combination as appropriate.

(4.1) First modification

[0107] In the abovementioned exemplary embodiment, angle θ2 between central axis P1 of discharge electrode 1 and
the protrusion direction of protruding electrode 23 is 90 degrees as shown in FIG. 6A as one example. However, the
present disclosure is not limited thereto. For example, angle θ2 between central axis P1 of discharge electrode 1 and
the direction in which protruding electrode 23 protrudes may be an acute angle as shown in FIG. 9. That is, protruding
electrode 23 of counter electrode 2 may be inclined in the first direction (front-rear direction: Y-axis direction), that is, in
a direction away from discharge electrode 1, with nearness to the center of opening 222. In this case, it is necessary to
set the shape, dimensions, and the like of inclined protruding electrode 23 such that the distance between discharge
electrode 1 and tip 230 of protruding electrode 23 is the shortest. With this configuration, the direction of force acting on
discharge electrode 1 and liquid 40 can be controlled by adjusting inclination angle θ2 of protruding electrode 23. Further,
the location where the electric field is concentrated in protruding electrode 23 can be adjusted. That is, when angle θ2
is changed, the distance between protruding electrode 23 and discharge electrode 1 changes, so that the state of
occurrence of discharge changes. Therefore, the direction of force acting on discharge electrode 1 and liquid 40 can be
controlled.

(4.2) Second to fifth modifications

[0108] In the abovementioned exemplary embodiment, a plurality of protruding electrodes 23 is arranged so as to face
each other in the lateral direction (X-axis direction) as shown in FIG. 4A as one example. However, the present disclosure
is not limited thereto. For example, as in the second modification shown in FIG. 10A, a plurality of protruding electrodes
23A of counter electrode 2A may be arranged so as to face each other in the vertical direction (Z-axis direction).
[0109] Further, in the abovementioned exemplary embodiment and the second modification, a number of protruding
electrodes 23 and 23Ais two as an example, but the present disclosure is not limited thereto. For example, as in the
third modification shown in FIG. 10B or the fourth modification shown in FIG. 10C, a number of protruding electrodes
23B and 23C may be four. With the configurations of the modifications, the life of the protruding electrode can be extended.
[0110] In FIGS. 10B and 10C, the rightward direction corresponds to the direction of 0 degrees, and the leftward
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direction corresponds to the direction of 180 degrees.
[0111] That is, in the third modification, four protruding electrodes 23B are positioned at 45 degrees, 135 degrees,
225 degrees, and 315 degrees when counter electrode 2B is viewed from front (Y-axis direction), as shown in FIG. 10B.
[0112] Further, in the fourth modification, four protruding electrodes 23C are positioned at 0 degrees, 90 degrees, 180
degrees, and 270 degrees when counter electrode 2C is viewed from front, as shown in FIG. 10C.
[0113] Further, in the abovementioned exemplary embodiment and the second to fourth modifications, protruding
electrodes 23 and 23A to 23C are formed integrally with electrode bodies 21 of counter electrodes 2 and 2A to 2C, but
the present disclosure is not limited thereto. For example, as shown in the fifth modification shown in FIG. 10D, protruding
electrodes 23D may be provided separately from electrode body 21 of counter electrode 2D. In this case, protruding
electrodes 23D are fixed to electrode body 21 by an appropriate fixing method (for example, screw fixation, caulking, etc.).
[0114] According to the second to fifth modifications, protruding electrodes 23A to 23D are provided on counter elec-
trodes 2A to 2D, and a partial breakdown discharge is generated between discharge electrode 1 and protruding electrodes
23A to 23D. Thus, similar to discharge device 10 in the above exemplary embodiment, the generated amount of ozone
can be reduced while increasing the produced amount of acidic components.
[0115] Hair care device 100 equipped with discharge device 10 using counter electrode 2 according to the above
exemplary embodiment and hair care device 100A equipped with discharge device 10A using counter electrode 2A
according to the second modification will be described below with reference to FIGS. 2B and 11.
[0116] FIG. 2B is a perspective view showing that discharge device 10 using counter electrode 2 according to the
above exemplary embodiment is incorporated into hair care device 100. FIG. 11 is a perspective view showing that
discharge device 10A using counter electrode 2A according to the second modification is incorporated into hair care
device 100A.
[0117] Note that flow path 300 shown in FIGS. 2B and 11 indicates the flow of air from airflow generator 20 to discharge
devices 10 and 10A. Lower arrows AA and BB shown in FIGS. 2A and 11 indicate flow paths of hot air or cold air
discharged from hair care devices 100 and 100A.
[0118] In FIG. 11, upper protruding electrode 23A of two protruding electrodes 23A arranged in the vertical direction
is located at a position where the velocity of airflow is relatively low, and lower protruding electrode 23A is located at a
position where the velocity of airflow is relatively high. In this configuration, when a discharge is generated between
discharge electrode 1 and counter electrode 2A, the frequency of discharge generated by lower protruding electrode
23A increases, because it is considered that, for example, the higher the flow velocity, the more quickly air which is the
material of the discharge reaction is replaced. That is, the frequency of discharge differs between upper protruding
electrode 23A and lower protruding electrode 23A. As a result, there is a difference in electrolytic corrosion between them.
[0119] On the other hand, in FIG. 2B, two protruding electrodes 23 arranged in the lateral direction are located at
positions where the airflow flows at substantially the same velocity (including the same velocity). Therefore, when a
discharge is generated between discharge electrode 1 and counter electrode 2, the discharge is generated substantially
uniformly (including uniformly) on two protruding electrodes 23. That is, the frequency of discharge is substantially the
same (including the same) between two protruding electrodes 23. As a result, a difference in wear (difference in electrolytic
corrosion) is unlikely to occur between them.
[0120] For the above reasons, it is preferable that the plurality of protruding electrodes 23 is arranged in flow path 300
of airflow generated by airflow generator 20 and at positions where the airflow flows at substantially the same velocity.

(4.3) Other modifications

[0121] The mode of discharge adopted by discharge device 10 is not limited to the mode described in the exemplary
embodiment described above. For example, discharge device 10 may employ a discharge in a mode in which a phe-
nomenon where dielectric breakdown occurs due to development of a corona discharge is intermittently repeated, that
is, discharge device 10 may employ an "entire breakdown discharge". In this case, when dielectric breakdown occurs
due to development of a corona discharge, a relatively large discharge current momentarily flows through discharge
device 10. As a result, immediately after that, the application voltage drops, and the discharge current is interrupted.
Thereafter, the application voltage rises again, and dielectric breakdown occurs. Such phenomenon is repeated.
[0122] Further, the number of protruding electrodes 23 is not limited to two or four, and may be, for example, one,
three, or five or more. This can extend the life of electrodes.
[0123] Further, in the exemplary embodiment and modifications mentioned above, a plurality of protruding electrodes
23 is arranged at equal intervals in the circumferential direction of opening 222 as an example, but the configuration in
which the plurality of protruding electrodes 23 is arranged at equal intervals is not necessary. For example, a plurality
of protruding electrodes 23 may be arranged at arbitrary intervals in the circumferential direction of opening 222.
[0124] Further, discharge device 10 may not include liquid supply unit 4 that generates charged fine particle water. In
this case, discharge device 10 generates air ions by the partial breakdown discharge generated between discharge
electrode 1 and counter electrode 2. Accordingly, when mounted on, for example, a dryer, discharge device 10 can
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increase an effect of managing hair due to generation of negative ions in addition to acidic components.
[0125] In addition, in comparison between two values such as a threshold and a target value, the wording "greater
than or equal to" includes both a case where the two values are equal to each other and a case where one of the two
values exceeds the other. However, the present disclosure is not limited thereto, and the wording "greater than or equal
to" herein may have the same meaning as the wording "greater than" which includes only a case where one of the two
values exceeds the other. In other words, whether the wording "greater than or equal to" includes the case where the
two values are equal to each other can be arbitrarily changed depending on setting of a threshold or the like. Therefore,
there is no technical difference between the wording "greater than or equal to" and the wording "greater than". Similarly,
the wording "less than" may have the same meaning as the wording "less than or equal to".

(Summary)

[0126] As described above, discharge device (10; 10A) according to claim 1 includes discharge electrode (1), counter
electrode (2; 2A to 2D), and voltage application unit (3). Counter electrode (2; 2A to 2D) faces discharge electrode (1)
in a first direction (for example, the front-rear direction). Voltage application unit (3) generates a discharge by applying
an application voltage between discharge electrode (1) and counter electrode (2; 2A to 2D). Counter electrode (2; 2A
to 2D) includes dome-shaped electrode (22) and protruding electrode (23; 23A to 23D). Dome-shaped electrode (22)
has recessed inner surface (221) recessed to a side opposite to discharge electrode (1) in the first direction. A plurality
of protruding electrodes (23; 23A to 23D) protrude in a second direction (for example, lateral direction) intersecting the
first direction from opening edge (222a) of opening (222) of dome-shaped electrode (22), opening (222) being provided
at an end opposite to discharge electrode (1). Discharge device (10) forms discharge path (200) that has at least partial
dielectric breakdown between discharge electrode (1) and protruding electrodes (23; 23A to 23D) when the discharge
occurs. Discharge path (200) includes first dielectric breakdown region (201) and second dielectric breakdown region
(202). First dielectric breakdown region (201) is generated around discharge electrode (1). Second dielectric breakdown
region (202) is generated around protruding electrodes (23; 23A to 23D).The shape of each of the plurality of the
protruding electrodes when viewed in the first direction is a triangle and a base (231) of the triangle is longer than a
perpendicular line (233) from a vertex (232) facing the base to the base.
[0127] According to this claim, discharge path (200) including first dielectric breakdown region (201) and second
dielectric breakdown region (202) is formed between discharge electrode (1) and the prodruding electrodes (23; 23A to
23D). With this configuration, the produced amount of acidic components can be increased as compared with the case
of the corona discharge. In addition, an electric field can be concentrated on a tip of each protruding electrode (23; 23A
to 23D).
Accordingly, the generated amount of ozone can be suppressed to the same extent as that in the corona discharge.
[0128] Further, in discharge device (10; 10A) according to claim 2, the plurality of protruding electrodes (23; 23A to
23D) is arranged at equal intervals along the circumferential direction of opening (222).
[0129] According to this claim, in a case where a Taylor cone is formed at tip (11) of discharge electrode (1), a variation
in shape of the Taylor cone can be reduced. As a result, a dielectric breakdown state of protruding electrodes (23; 23A
to 23D) can be stabilized.
[0130] Further, in discharge device (10; 10A) according to claim 3, the plurality of protruding electrodes (23; 23A; 23D)
is a pair of protruding electrodes (23; 23A; 23D).
[0131] According to this claim, an electric field can be concentrated on protruding electrodes (23; 23A; 23D). As a
result, the discharge between discharge electrode (1) and protruding electrode (23; 23A; 23D) can be stabilized.
[0132] Further, in discharge device (10; 10A) according to claim 1, the shape of protruding electrode (23; 23A to 23D)
as viewed in the first direction is a triangle.
[0133] According to this claim, an electric field can be concentrated on tip (230) of protruding electrode (23; 23A to
23D). As a result, the discharge between discharge electrode (1) and protruding electrode (23; 23A to 23D) can be
stabilized.
[0134] Further, in discharge device (10; 10A) according to claim 4, vertex angle (θ1) of the triangle is 60 degrees or more.
[0135] According to this claim, when the shape of protruding electrode (23; 23A to 23C) is punched by using, for
example, a punching die, damage of the die can be reduced as compared with a configuration where vertex angle (θ1)
is less than 60 degrees.
[0136] Further, in discharge device (10; 10A) according to claim 1, base (231) of the triangle which is the shape of
protruding electrode (23; 23A to 23D) is longer than perpendicular line (233). Perpendicular line (233) is a straight line
from vertex (232) facing base (231) to base (231).
[0137] According to this claim, when the shape of protruding electrode (23; 23A to 23C) is punched by using, for
example, a punching die, damage of the die can be reduced as compared with a configuration where base (231) is
shorter than perpendicular line (233).
[0138] Further, in discharge device (10; 10A) according to claim 5, the shape of opening (222) as viewed in the first
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direction is circular. Length (L2) of perpendicular line (233) is less than or equal to a half of radius (r1) of opening (222).
[0139] According to this claim, when the shape of protruding electrode (23; 23A to 23C) is punched by using, for
example, a punching die, damage of the die can be reduced as compared with a configuration where length (L2) of
perpendicular line (233) is longer than a half of radius (r1) of opening (222).
[0140] Further, in discharge device (10; 10A) according to claim 6 the triangle which is the shape of protruding electrode
(23; 23A to 23D) as viewed in the first direction is isosceles triangle.
[0141] According to this claim, in a case where a Taylor cone is formed at tip (11) of discharge electrode (1), an
occurrence of a variation in shape of the Taylor cone can be suppressed without fine adjustment. As a result, a stable
discharge can be obtained between discharge electrode (1) and protruding electrode (23; 23A to 23D).
[0142] Further, in discharge device (10; 10A) according to claim 7, first dielectric breakdown region (201) and second
dielectric breakdown region (202) are formed apart from each other in discharge path (200).
[0143] According to this claim, a discharge current can be reduced as compared with a case where dielectric breakdown
is caused in entire discharge path (200). As a result, wear of protruding electrode (23; 23A to 23D) due to electrolytic
corrosion can be reduced.
[0144] Further, in discharge device (10; 10A) according to claim 8, protruding electrode (23; 23A to 23D) may be
inclined in a direction away from discharge electrode (1) in the first direction.
[0145] According to this claim, a direction of force acting on discharge electrode (1) and liquid (40) retained on discharge
electrode (1) can be controlled by adjusting inclination angle (θ2) of protruding electrode (23; 23A to 23D). In addition,
the location where the electric field is concentrated on protruding electrode (23; 23A to 23D) can be adjusted.
[0146] Further, in discharge device (10; 10A) according to claim 9, a surface facing discharge electrode (1) at tip (230)
of protruding electrode (23; 23A to 23D) includes a curved surface.
[0147] According to this claim, tip (230) of protruding electrode (23; 23A to 23D) where an electric field is concentrated
has a curved surface, whereby wear due to electrolytic corrosion can be reduced. As a result, a desired discharge state
can be maintained for a long period of time.
[0148] Further, in discharge device (10; 10A) according to claim 10, counter electrode (2; 2A) includes a plurality of
protruding electrodes (23; 23A). The plurality of protruding electrodes (23; 23A) is arranged in flow path (300) of an
airflow generated by airflow generator (20) and at positions where the airflow flows at the same velocity.
[0149] According to this claim, imbalance of electrolytic corrosion caused between the plurality of protruding electrodes
(23; 23A) can be reduced.
[0150] In addition, hair care device (100; 100A) according to claim 11 includes the inventive discharge device (10;
10A) and airflow generator (20). Airflow generator (20) generates an airflow with respect to discharge device (10; 10A).
[0151] According to this claim, hair care device (100; 100A) capable of increasing a produced amount of acidic com-
ponents can be achieved using discharge device (10; 10A) described above.

INDUSTRIAL APPLICABILITY

[0152] The discharge device according to the present disclosure can be applied to various applications such as
refrigerators, washing machines, hair care devices such as hair dryers, air conditioners, electric fans, air purifiers,
humidifiers, facial equipment, and automobiles.

REFERENCE MARKS IN THE DRAWINGS

[0153]

1 discharge electrode
2, 2A, 2B, 2C, 2D counter electrode
3 voltage application unit
4 liquid supply unit
5 housing
10, 10A discharge device
11, 40a tip
12 base end
20 airflow generator
21 electrode body
22 dome-shaped electrode
23, 23A, 23B, 23C, 23D protruding electrode
24 terminal piece
31 diode bridge
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32 isolation transformer
33 capacitor
34, 35 resistor
40 liquid
41 cooling device
51 caulking projection
100, 100A hair care device
101 casing
102 grip
103 power cord
104 vent hole
200 discharge path
201 first dielectric breakdown region
202 second dielectric breakdown region
211 caulking hole
221 inner surface
221a first edge
221b second edge
222 opening
222a opening edge
230 tip
230a first curved surface
230b second curved surface
231 base
232 vertex
233 perpendicular line
300 flow path
321 primary winding
322 secondary winding
361, 362 input terminal
371, 372 output terminal
411 Peltier element
412 radiator plate
413 insulating plate
r1 radius
θ1 vertex angle
θ2 angle

Claims

1. A discharge device comprising:

a discharge electrode (1);
a counter electrode (2, 2A, 2B, 2C, 2D) that faces the discharge electrode (1) in a first direction (Y): and
a voltage application unit (3) that applies an application voltage between the discharge electrode (1) and the
counter electrode (2, 2A, 2B, 2C, 2D) to generate a discharge, wherein
the counter electrode (2, 2A, 2B, 2C, 2D) includes
a dome-shaped electrode (22) having a recessed inner surface recessed to a side opposite to the discharge
electrode (1) in the first direction, and
a plurality of protruding electrodes (23, 23A, 23B, 23C, 23D) that protrude in a second direction (X)
intersecting the first direction from an opening edge (222a) of an opening (222) of the dome-shaped electrode
(22), the opening (222) being provided at an end opposite to the discharge electrode (1),
the discharge device (10, 10A) forms a discharge path (200) having at least partial dielectric breakdown between
the discharge electrode (1) and the protruding electrodes (23, 23A, 23B, 23C,
23D) when the discharge occurs, and
the discharge path (200) includes
a first dielectric breakdown region (201) generated around the discharge electrode (1), and
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a second dielectric breakdown region (202) generated around the protruding electodes (23, 23A, 23B, 23C, 23D);
wherein a shape of each of the plurality of the protruding electrodes (23, 23A, 23B, 23C, 23D) when viewed in
the first direction (Y) is a triangle;
characterized in that
a base (231) of the triangle is longer than a perpendicular line (233) from a vertex (232) facing the base (231)
to the base (231).

2. The discharge device according to claim 1, wherein the plurality of the protruding electrodes (23, 23A, 23B, 23C,
23D) being arranged at equal intervals along a circumferential direction of the opening (222).

3. The discharge device according to claim 2, wherein the plurality of the protruding electrodes (23, 23A, 23B, 23C,
23D) is a pair of the protruding electrodes (23, 23A, 23D).

4. The discharge device according to claim 1, wherein a vertex angle (θ1) of the triangle is 60 degrees or more.

5. The discharge device according to claim 1, wherein
a shape of the opening (222) when viewed in the first direction (Y) is circular, and a length (L2) of the perpendicular
line (233) is less than or equal to a half of a radius (r1) of the opening (222).

6. The discharge device according to any one of claims 1 to 5, wherein the triangle is an isosceles triangle.

7. The discharge device according to any one of claims 1 to 6, wherein the first dielectric breakdown region (201) and
the second dielectric breakdown region (202) are formed apart from each other in the discharge path (200).

8. The discharge device according to any one of claims 1 to 7. wherein the each of the plurality of the protruding
electrodes (23, 23A, 23B, 23C, 23D) is inclined in a direction away from the discharge electrode (1) in the first
direction (Y).

9. The discharge device according to any one of claims 1 to 8, wherein the each of the plurality of the protruding
electrodes (23, 23A, 23B, 23C, 23D) has a curved surface on a surface facing the discharge electrode (1) at a tip
(11, 40a).

10. The discharge device according to any one of claims 1 to 9, wherein the plurality of the protruding electrodes (23,
23A, 23B, 23C, 23D) of the counter electrode (2, 2A, 2B, 2C, 2D) is arranged in a flow path (300) of an airflow
generated by an airflow generator (20) and at positions where the airflow flows at a same velocity.

11. A hair care device comprising:

the discharge device (10) according to any one of claims 1 to 10: and
an airflow generator (20) that generates an airflow with respect to the discharge device (10).

Patentansprüche

1. Entladungsvorrichtung, die umfasst:

eine Entladungselektrode (1);
eine Gegenelektrode (2, 2A, 2B, 2C, 2D), die der Entladungselektrode (1) in einer ersten Richtung (Y) gegen-
überliegt; sowie
eine Einheit (3) für Anlegung einer Spannung, die eine Anlegungs-Spannung zwischen der Entladungselektrode
(1) und der Gegenelektrode (2, 2A, 2B, 2C, 2D) anlegt, um eine Entladung zu erzeugen, wobei
die Gegenelektrode (2, 2A, 2B, 2C, 2D) einschließt:

eine kuppelförmige Elektrode (22), die eine vertiefte Innenfläche aufweist, die zu einer Seite vertieft ist, die
der Entladungselektrode (1) in der ersten Richtung gegenüberliegt, sowie eine Vielzahl vorstehender Elek-
troden (23, 23A, 23B, 23C, 23D), die in einer zweiten Richtung (X), die die erste Richtung schneidet, von
einem Öffnungsrand (222a) einer Öffnung (222) der kuppelförmigen Elektrode (22) vorstehen, wobei die
Öffnung (222) an einem der Entladungselektrode (1) gegenüberliegenden Ende vorhanden ist,
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die Entladungsvorrichtung (10, 10A) einen Entladungsweg (200) bildet, bei dem wenigstens ein teilweiser
dielektrischer Durchschlag zwischen der Entladungselektrode (1) und den vorstehenden Elektroden (23,
23A, 23B, 23C, 23D) auftritt, wenn die Entladung stattfindet, und der Entladungsweg (200) einschließt:

einen ersten dielektrischen Durchschlagbereich (201), der um die Entladungselektrode (1) herum er-
zeugt wird, sowie
einen zweiten dielektrischen Durchschlagbereich (202), der um die vorstehenden Elektroden (23, 23A,
23B, 23C, 23D) herum erzeugt wird;
wobei eine Form jeder der Vielzahl der vorstehenden Elektroden (23, 23A, 23B, 23C, 23D), in der
ersten Richtung (Y) gesehen, ein Dreieck ist;
dadurch gekennzeichnet, dass
eine Basis (231) des Dreiecks länger ist als eine senkrechte Linie (233) von einem der Basis (231)
zugewandten Scheitelpunkt (232) zu der Basis (231).

2. Entladungsvorrichtung nach Anspruch 1, wobei die Vielzahl der vorstehenden Elektroden (23, 23A, 23B, 23C, 23D)
in gleichen Abständen in einer Umfangsrichtung der Öffnung (222) angeordnet sind.

3. Entladungsvorrichtung nach Anspruch 2, wobei die Vielzahl der vorstehenden Elektroden (23, 23A, 23B, 23C, 23D)
ein Paar der vorstehenden Elektroden (23, 23A, 23D) ist.

4. Entladungsvorrichtung nach Anspruch 1, wobei ein Scheitelwinkel (θ1) des Dreiecks 60° oder mehr beträgt.

5. Entladungsvorrichtung nach Anspruch 1, wobei die Öffnung (222), in der ersten Richtung (Y) gesehen, kreisförmig
ist und eine Länge (L2) der senkrechten Linie (233) kleiner ist als oder genauso groß wie eine Hälfte eines Radius
(r1) der Öffnung (222).

6. Entladungsvorrichtung nach einem der Ansprüche 1 bis 5, wobei das Dreieck ein gleichschenkliges Dreieck ist.

7. Entladungsvorrichtung nach einem der Ansprüche 1 bis 6, wobei der erste dielektrische Durchschlagbereich (201)
und der zweite dielektrische Durchschlagbereich (202) auf dem Entladungsweg (200) voneinander getrennt aus-
gebildet sind.

8. Entladungsvorrichtung nach einem der Ansprüche 1 bis 7, wobei jede der Vielzahl der vorstehenden Elektroden
(23, 23A, 23B, 23C, 23D) in einer Richtung von der Entladungselektrode (1) weg in der ersten Richtung (Y) geneigt ist.

9. Entladungsvorrichtung nach einem der Ansprüche 1 bis 8, wobei jede der Vielzahl der vorstehenden Elektroden
(23, 23A, 23B, 23C, 23D) eine gekrümmte Oberfläche an einer der Entladungselektrode (1) zugewandten Fläche
an einer Spitze (11, 40a) aufweist.

10. Entladungsvorrichtung nach einem der Ansprüche 1 bis 9, wobei die Vielzahl der vorstehenden Elektroden (23,
23A, 23B, 23C, 23D) der Gegenelektrode (2, 2A, 2B, 2C, 2D) auf einem Strömungsweg (300) eines von einer
Luftstrom-Erzeugungseinrichtung (20) erzeugten Luftstroms und an Positionen angeordnet ist, an denen der Luft-
strom mit gleicher Geschwindigkeit strömt.

11. Haarpflegevorrichtung, die umfasst:

die Entladungsvorrichtung (10) nach einem der Ansprüche 1 bis 10 sowie
eine Luftstrom-Erzeugungseinrichtung (20), die einen Luftstrom in Bezug auf die Entladungsvorrichtung (10)
erzeugt.

Revendications

1. Dispositif de décharge comprenant :

une électrode de décharge (1) ;
une contre-électrode (2, 2A, 2B, 2C, 2D) qui est orientée vers l’électrode de décharge (1) dans une première
direction (Y) ; et
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une unité d’application de tension (3) qui applique une tension d’application entre l’électrode de décharge (1)
et la contre-électrode (2, 2A, 2B, 2C, 2D) pour générer une décharge, dans lequel
la contre-électrode (2, 2A, 2B, 2C, 2D), inclut
une électrode en forme de dôme (22) présentant une surface intérieure en cavité sur un côté opposé à l’électrode
de décharge (1) dans la première direction, et
une pluralité d’électrodes débordantes (23, 23A, 23B, 23C, 23D) qui débordent dans une deuxième direction
(X) coupant la première direction depuis une arête ouvrante (222a) d’une ouverture (222) de l’électrode en
forme de dôme (22), l’ouverture (222) étant disposée à une extrémité opposée à l’électrode de décharge (1),
le dispositif de décharge (10, 10A) forme une voie de décharge (200) présentant au moins une rupture diélec-
trique partielle entre l’électrode de décharge (1) et les électrodes débordantes (23, 23A, 23B, 23C, 23D) lorsque
la décharge intervient, et
la voie de décharge (200) inclut
une première zone de rupture diélectrique (201) générée autour de l’électrode de décharge (1), et
une deuxième zone de rupture diélectrique (202) générée autour des électrodes débordantes (23, 23A, 23B,
23C, 23D) ;
dans lequel une forme de chacune de la pluralité des électrodes débordantes (23, 23A, 23B, 23C, 23D) lorsque
visualisées dans la première direction (Y) est un triangle ;
caractérisé en ce que
une base (231) du triangle est plus longue qu’une ligne perpendiculaire (233) d’un sommet (232) orienté vers
la base (231) à la base (231).

2. Le dispositif de décharge selon la revendication 1, dans lequel la pluralité des électrodes débordantes (23, 23A,
23B, 23C, 23D) étant disposées à intervalles équidistants le long d’une direction circonférentielle de l’ouverture (222).

3. Le dispositif de décharge selon la revendication 2, dans lequel la pluralité des électrodes débordantes (23, 23A,
23B, 23C, 23D) est une paire des électrodes débordantes (23, 23A, 23D).

4. Le dispositif de décharge selon la revendication 1, dans lequel un angle de sommet (θ1) du triangle est de 60 degrés
ou plus.

5. Le dispositif de décharge selon la revendication 1, dans lequel
une forme de l’ouverture (222) lorsque visualisée dans la première direction (Y) est circulaire, et une longueur (L2)
de la ligne perpendiculaire (233) est inférieure ou égale à une moitié d’un rayon (r1) de l’ouverture (222).

6. Le dispositif de décharge selon l’une quelconque des revendications 1 à 5, dans lequel le triangle est un triangle
isocèle.

7. Le dispositif de décharge selon l’une quelconque des revendications 1 à 6, dans lequel la première zone de rupture
diélectrique (201) et la deuxième zone de rupture diélectrique (202) sont constituées séparément l’une de l’autre
dans la voie de décharge (200).

8. Le dispositif de décharge selon l’une quelconque des revendications 1 à 7, dans lequel la chacune de la pluralité
des électrodes débordantes (23, 23A, 23B, 23C, 23D) est inclinée dans une direction s’éloignant de l’électrode de
décharge (1) dans la première direction (Y) .

9. Le dispositif de décharge selon l’une quelconque des revendications 1 à 8, dans lequel la chacune de la pluralité
des électrodes débordantes (23, 23A, 23B, 23C, 23D) présente une surface incurvée sur une surface orientée vers
l’électrode de décharge (1) à une pointe d’extrémité (11, 40a).

10. Le dispositif de décharge selon l’une quelconque des revendications 1 à 9, dans lequel la pluralité des électrodes
débordantes (23, 23A, 23B, 23C, 23D) de la contre-électrode (2, 2A, 2B, 2C, 2D) est disposée dans une voie
d’écoulement (300) d’un flux d’air généré par un générateur de flux d’air (20) et à des emplacements où le flux d’air
s’écoule à une même vitesse.

11. Dispositif de soin capillaire comprenant :

le dispositif de décharge (10) selon l’une quelconque des revendications 1 à 10 ; et
un générateur de flux d’air (20) qui génère un flux d’air par rapport au dispositif de décharge (10).
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