
- 1 - SPECIFICATION FINE PARTICLE DIFFUSION DEVICE Technical Field
[0001]The present invention relates to a fine particle diffusion
device that discharges fine particles and diffuses them into a room.
The present invention also relates to a fine particle diffusion
device that discharges ions and diffuses them into a room. Background
Art [0002]A conventional fine particle diffusion device is disclosed
in patent document 1. In the conventional fine particle diffusion
device, a blower fan is provided within an enclosure in which an
outlet is opened in its front surface, and the blower fan and the
outlet are coupled to each other by an air blow path. A fine particle
generation device for generating ions that are fine particles is
arranged within the air blow path. 



[0003] An air current generated by the blower fan flows in the air
flow path, and the air current containing the fine particles
generated by the fine particle generation device is discharged
through the outlet. The air flow path is formed to extend in the
lateral direction, and the air current discharged through the outlet
extends in the lateral direction, with the result that the fine
particles are diffused into a living room. In this way, positive ions
and negative ions are supplied to the living room, and thus it is
possible to kill airborne bacteria within the living room.
[0004]Patent document 1 also discloses a configuration in which an
air flow path that is divided into upper and lower portions is
included (see Fig. 20). In this  - 2 -  configuration, fine particles
are discharged through an outlet such that they extend in the
vertical direction. Thus, the fine particles are diffused into a
living room such that they extend from top to bottom within the
living room. Related Art Document Patent Document [0005]Patent
document 1: Japanese Patent No. 3797993 (Pages 4-18 and Figs. 1 and
20) 



Disclosure of the Invention Problems to be Solved by the Invention
[0006]However, since the conventional fine particle diffusion device
discharges fine particles of substantially the same concentration to
a living space and an area above the living space within the living
room, a sufficient number of fine particles such as ions may not be
supplied to the living space. In particular, in a floor or the like
where a living room has a high ceiling, fine particles such as ions
are diffused to the upper area where there are no people, and the
number of fine particles in the living space is significantly
reduced. Hence, a problem is encountered in that it is impossible to
sufficiently obtain effective effects such as sterilization and
relaxation resulting from the fine particles present within the
living space. The same problem is encountered when fine particles,
other than ions, of an aromatic substance, a deodorant, an
insecticide, a bactericide or the like are generated by the fine
particle generation device. [0007]Since the air flow path is formed
to extend laterally, an air current bends and  - 3 - flows in the air
flow path. Hence, positive ions and negative ions included in the air
current are more likely to collide with each other;
disadvantageously, the number of ions discharged into the living room
is reduced, and thus the sterilization performance is reduced.
[0008]An object of the present invention is to provide a fine
particle diffusion device  that can sufficiently supply fine
particles to a living space. Another object of the present invention
is to provide a fine particle diffusion device that can sufficiently
supply ions to a living space and can enhance a sterilization
performance. 



Means for Solving the Problem [0009]To achieve the above objects,
according to the present invention, there is provided a fine particle
diffusion device including: a first outlet through which a first air
current is discharged upward; a second outlet which is arranged below
the first outlet and through which a second air current is discharged
to a space below the first air current; and a fine particle
generation device which generates fine particles. In the fine
particle diffusion device, the fine particles generated by the fine
particle generation device are discharged, and the concentration of
the fine particles discharged through the first outlet is lower than
the concentration of the fine particles discharged through the second
outlet. [0010]In this configuration, the first air current is
discharged upward through the first outlet at the upper portion, and
the second air current is discharged through the second outlet at the
lower portion to the space below the first air current. The fine
particles generated by the fine particle generation device are
included in the second air current; the fine particles are supplied
to a living space or the like within a living room. The  - 4 - first
air current includes the fine particles of a concentration lower than
the concentration of the second air current, and is discharged to a
space above the living room. Thus, the first air current functions as
an air curtain, and this reduces the upward diffusion of the fine
particles included in the second air current. It is therefore
possible to supply most of the fine particles generated by the fine
particle generation device to the living space and obtain the effects
of sterilization, relaxation and the like. The case where the first
air current including no fine particles is discharged is included.
[0011]The present invention is characterized in that, in the fine
particle diffusion device configured as described above, the fine
particles are not discharged through the first outlet. In this
configuration, the second outlet is opened to an end surface of a
duct where the fine particle generation device is arranged, and the
fine particles generated by the fine particle diffusion device are
discharged through the second outlet via the duct. 



[0012]The present invention is characterized in that, in the fine
particle diffusion device configured as described above, the speed of
the first air current is higher than the speed of the second air
current. In this configuration, the slow second air current is
discharged to the living space, and the fine particles are supplied
to the living space without the wind being sensed by a person.
Moreover, the first air current reliably forms the air curtain.
[0013]The present invention is characterized in that, in the fine
particle diffusion device configured as described above, the second
air current is adjacent to the first air current. In this
configuration, the fine particles included in the second air current
are supplied to the far parts of the living room by being drawn by
the first air current at  - 5 - the lower portion. [0014]The present
invention is characterized in that, in the fine particle diffusion 



device configured as described above, the first outlet is divided
into an upper portion and a lower portion, and the speed of the first
air current discharged through the upper portion of the first outlet
is higher than the speed of the first air current discharged through
the lower portion. In this configuration, as the first air current
faster than the second air current moves upward, its speed is
gradually increased. Thus, the disturbance of the air currents is
reduced. [0015]The present invention is characterized in that, in the
fine particle diffusion device configured as described above, the
second air current is discharged through the second outlet such that
the second air current extends in a vertical direction. In this
configuration, the second outlet extends in a vertical direction, for
example, in the form of a horn, and thus the fine particles are
diffused vertically. [0016]The present invention is characterized in
that, in the fine particle diffusion device configured as described
above, the second air current is discharged through the second outlet
such that the second air current extends in a lateral direction. In
this configuration, the second outlet extends in a lateral direction,
for example, in the form of a horn, and thus the fine particles are
diffused laterally. [0017]The present invention is characterized in
that, in the fine particle diffusion device configured as described
above, the first air current is discharged through the first outlet
such that the first air current extends in a lateral direction. In
this configuration, the first outlet extends in a lateral direction,
for example, in the form of a horn, and the air curtain is reliably
formed by the first air current. [0018]The present invention is
characterized in that, in the fine particle diffusion  - 6 - 



device configured as described above, the lateral width of the first
outlet is sufficiently greater than the height of the first outlet.
In this configuration, the air curtain is reliably formed by the
first air current. [0019]The present invention is characterized in
that, in a fine particle diffusion device that includes a fine
particle generation device for generating fine particles and that
discharges the fine particles through an outlet by driving of a
blower fan, an air flow path coupling the blower fan to the outlet
includes a plurality of vertical division passages that divide the
outlet vertically, and the speed of an air current flowing in one of
the vertical division passages at an upper portion is higher than the
speed of an air current flowing in one of the vertical division
passages at a lower portion.  [0020] In this configuration, when the
blower fan is driven, the air currents flow in the vertical division
passages, are smoothed, contain the fine particles generated by the
fine particle generation device and are discharged through the
outlet. Here, the air current at the upper portion of the outlet
functions as the air curtain, and the fine particles included in the
air current at the lower portion are supplied to the lower portion of
the living room. [0021]The present invention is characterized in
that, in the fine particle diffusion device configured as described
above, the fine particle generation device is arranged in the
vertical division passage at the lower portion. In this
configuration, the fine particles are included in the slow air
current discharged through the lower portion of the outlet, and are
supplied to the living space without the wind being sensed by a
person. [0022]The present invention is characterized in that, in the
fine particle diffusion device configured as described above, the air
flow path extends upward from the  - 7 - 



blower fan and bends frontward, and the air flow path extends from
the vicinity of the blower fan to the outlet to form the vertical
division passages. [0023]In this configuration, the air current
flowing in the air flow path flows upward, bends frontward and is
discharged through the outlet. When the air current flowing upward in
the air flow path bends frontward, it moves upward due to the inertia
thereof, and thus the air current is more likely to move apart from
the lower wall and along the upper wall. Therefore, the speed of the
air current flowing in the upper portion of the air flow path is
higher than that of an air current flowing in the lower portion.
Here, when a large amount of the air current moves apart from the
lower wall, an air current flowing in the opposite direction is
generated on the side of the lower wall, and thus the air current is
disturbed. The vertical division passages are provided to extend from
the vicinity of the blower fan; the wetted perimeter (a perimeter
surrounding a cross section) of the cross section of a flow path is
increased due to the vertical division passages. Hence, the air
currents are affected more by the viscosity than by the inertia, and
thus the air currents are more likely to move along the wall surfaces
of the vertical division passages. Thus, the separation of the air
currents is reduced and the air currents are prevented from being
disturbed  [0024] The present invention is characterized in that, in
the fine particle diffusion device configured as described above, the
air flow path is provided with an upper wall having a curved surface
portion and a lower wall having a curved surface portion, extends
upward from the blower fan and bends frontward and extends to the
outlet from the upstream side of a position intersecting the center
of the curved surface portion of the upper wall and the center of the
curved surface portion of the lower wall to form the vertical
division passages.  - 8 - [0025]In this configuration, the air
current flowing in the air flow path flows upward, bends frontward in
the curved surface portion and is discharged through the outlet. When
the air current flowing upward in the air flow path bends frontward,
it moves upward due to the inertia thereof, and thus the air current
is more likely to move apart from the lower wall and along the upper
wall. Therefore, the speed of the air current flowing in the upper
portion of the air flow path is higher than that of the air current
flowing in the lower portion. Here, when a large amount of the air
current moves apart from the lower wall, an air current flowing in
the opposite direction is generated on the side of the lower wall,
and thus the air current is disturbed. The vertical division passages
are provided on the upstream side of the position intersecting the
center of the curved surface portion of the upper wall and the center
of the curved surface portion of the lower wall; the wetted perimeter
of the cross section of the vertical division passages is increased.
Hence, the air currents are more likely to move along the wall
surfaces of the vertical division passages. Thus, the separation of
the air currents is reduced and the air currents are prevented from
being disturbed  [0026] The present invention is characterized in
that, in the fine particle diffusion device configured as described
above, the blower fan is formed with a cross flow fan, and the
vertical division passage at the lower portion is arranged on the
inner circumferential side of the blower fan as compared with the
vertical division passage at the upper portion. In this
configuration, the air current discharged from the inner



- 9 -  indicates the front of the rotational direction of the rotor;
the outer circumferential side indicates the back of the rotational
direction of the rotor. In this way, the speed of the air current
flowing in the vertical division passage at the upper portion is
increased due to the centrifugal force. [0027]The present invention
is characterized in that, in the fine particle diffusion device
configured as described above, the vertical division passages have a
vertically increasing width portion that increases the width thereof
as the vertically increasing width portion extends from the upstream
side to the downstream side and that extends an air current in a
vertical direction, and the cross section of the vertically
increasing width portion perpendicular to the air current is formed
in the shape of a laterally extending slit. [0028]In this
configuration, the air current flowing in the vertical division
portion is gradually extended in the vertical direction by the
vertically increasing width portion, and is discharged through the
outlet such that it extends vertically. The cross section of the
vertically increasing width portion is formed in the shape of a
laterally extending slit, and the upper and lower walls are long in
the lateral direction. Hence, the areas of portions of the upper and
lower wall surfaces of the vertical division passages in contact with
the air currents flowing in the air flow path are increased. It is
therefore possible to extend the air currents in the vertical
direction without the air currents separating from the wall surfaces
such that the air currents easily flow along the upper and lower
walls of the vertical division passages. [0029]The present invention
is characterized in that, in the fine particle diffusion device
configured as described above, the vertical division passages have,
on the downstream side of the vertically increasing width portion, a
laterally increasing width  



- 10 - portion that increases the width thereof as the laterally
increasing width portion extends from the upstream side to the
downstream side and that extends an air current in a lateral
direction. In this configuration, the air current flowing in the
vertical division portion is extended in the vertical direction by
the vertically increasing width portion and is extended in the
lateral direction by the laterally increasing width portion, and is
discharged through the outlet such that the air current extends
vertically and laterally. [0030]The present invention is
characterized in that, in the fine particle diffusion device
configured as described above, one of the vertical division passages
having the fine particle generation device arranged therein is
provided with a narrowed portion that narrows a flow path either at a
position where the fine particle generation device is arranged or on
the upstream side thereof In this configuration, the air current is
narrowed and smoothed either on the fine particle generation device
or on the upstream side, and, since the speed of the air current is
increased, the concentration of the fine particles near the fine
particle generation device is decreased. The air current path
including the fine particles is extended by the vertically increasing
width portion.  [0031] The present invention is characterized in
that, in the fine particle diffusion device configured as described
above, the laterally increasing width portion has a plurality of thin
passages that laterally divide each of the vertical division
passages, and the lateral width of each of the thin passages is
increased as the thin passage extends from the upstream side to the
downstream side. In this configuration, the areas of portions of the
left and right wall surfaces of the thin passages in contact with the
air currents flowing in the air flow path through the thin passages
that laterally divide the vertical division passages are increased.
It is therefore possible to extend  - 11 - the air currents in the
lateral direction without the air currents separating from the wall
surfaces such that the air currents flow along the left and right
walls of the thin passages. [0032]The present invention is
characterized in that, in the fine particle diffusion device
configured as described above, the fine particles generated by the
fine particle generation device include any one of an ion, an
aromatic substance, a deodorant, an insecticide and a bactericide. 



[0033]The present invention is characterized in that a fine particle
diffusion device includes: an ion generation device including a first
ion generation portion that generates one of a positive ion and a
negative ion and a second ion generation portion that generates the
other of the positive ion and the negative ion; a blower fan; and an
air flow path that guides, by driving of the blower fan, the ions
generated by the ion generation device to an outlet. In the fine
particle diffusion device, the air flow path includes a plurality of
lateral division passages whose lateral widths are increased as the
lateral division passages extend from the upstream side to the
downstream side and which are divided laterally, and one of the
positive ion and the negative ion flows in each of the lateral
division passages. [0034]In this configuration, the air current
flowing in the air flow path is discharged through the outlet by the
driving of the blower fan into the living room. The air flow path is
divided in the lateral direction by the lateral division passages;
for example, the positive ion generated by the first ion generation
portion flows in one of the lateral division passages, and the
negative ion generated by the second ion generation portion flows in
another of the lateral division passages. [0035]The present invention
is characterized in that, in the fine particle diffusion  - 12 -
device configured as described above, one of the first and second ion
generation portions is arranged either in each of the lateral
division passages or in the vicinity of an open end of each of the
lateral division passages on the air inflow side.  [0036] In this
configuration, for example, the first ion generation portion is
arranged in one of the lateral division passages and the positive ion
flows therein, and the second ion generation portion is arranged in
another of the lateral division passages and the negative ion flows
therein. The first ion generation portion is arranged in the vicinity
of the open end of one of the lateral division passages on the air
inflow side and the positive ion flows in the lateral division
passage; the second ion generation portion is arranged in the
vicinity of the open end of another of the lateral division passages
on the air inflow side and the negative ion flows in the lateral
division passage. [0037]The present invention is characterized in
that, in the fine particle diffusion 



device configured as described above, polarities of the ions
generated by the first and second ion generation portions are
switched every predetermined period. In this configuration, for
example, the positive ion generated by the first ion generation
portion flows in one of the lateral division passages, and the
negative ion generated by the second ion generation portion flows in
another of the lateral division passages. When the predetermined
period elapses, the negative ion generated by the first ion
generation portion flows in one of the lateral division passages, and
the positive ion generated by the second ion generation portion flows
in another of the lateral division passages. [0038]The present
invention is characterized in that, in the fine particle diffusion
device configured as described above, the positive ion flows in one
of the lateral  - 13 - division passages adjacent to each other and
the negative ion flows in the other of the adjacent lateral division
passages. In this configuration, the positive ion and the negative
ion are discharged from the two adjacent lateral division passages.
[0039] The present invention is characterized in that, in the fine
particle diffusion device configured as described above, the first
and second ion generation portions are arranged either in each of the
lateral division passages or in the vicinity of an open end of each
of the lateral division passages on an air inflow side, and the first
and second ion generation portions are alternately driven. [0040]In
this configuration, the positive ion generated by the first ion
generation portion flows in one of the lateral division passages, and
the negative ion generated by the second ion generation portion flows
in another of the lateral division passages. When the predetermined
period elapses, the negative ion generated by the second ion
generation portion flows in one of the lateral division passages, and
the positive ion generated by the first ion generation portion flows
in another of the lateral division passages. [0041]The present
invention is characterized in that, in the fine particle diffusion 



device configured as described above, the air flow path is provided
with a left wall having a curved surface portion and a right wall
having a curved surface portion and extends toward both sides, and
open ends of the lateral division passages on the air inflow side are
formed on the upstream side of a position intersecting the center of
the curved surface portion of the left wall and the center of the
curved surface portion of the right wall. [0042]In this
configuration, the air current flowing in the air flow passage is
more likely to flow straight due to the inertia thereof, and moves
apart from the curved  - 14 - surface portions of the left and right
walls, with the result that the air current is easily disturbed. The
lateral division passages are provided to extend toward the outlet
from the upstream side of the position intersecting the center of the
curved surface portion of the left wall and the center of the curved
surface portion of the right wall. The wetted perimeter (a perimeter
surrounding a cross section) of the cross section of the flow path is
increased due to the lateral division passages, and thus the areas of
portions of the left and right wall surfaces in contact with the air
current are increased. Hence, the air current curving and flowing
easily flows along the left and right wall surfaces of the lateral
division passage, and the separation from the wall surfaces is
reduced. It is therefore possible to reduce the disturbance of the
air current and laterally extend the air current flowing in the air
flow path. [0043]The present invention is characterized in that, in
the fine particle diffusion device configured as described above,
vertical division passages that divide the air flow path vertically
is provided, and the lateral division passages are composed of thin
passages that laterally divide the vertical division passages on the
side of the outlet. In this configuration, when the air blower fan is
driven, air currents flow in the vertical division passages and are
smoothed. Then, the ions generated by the fine particle generation
device are included in the lateral division passage formed in the
downstream portion of the vertical division passage. [0044]The
present invention is characterized in that, in the fine particle
diffusion device configured as described above, the ion generation
device is arranged in one of the vertical division passages at the
lower portion, and the speed of an air current flowing in one of the
vertical division passages at the upper portion is higher than the
speed of an air current flowing in the vertical division passage at
the lower portion. 



- 15 - In this configuration, the air current flowing in the upper
portion of the outlet functions as the air curtain, and the ions
included in the air current at the lower portion are supplied to the
lower portion of the living room. Advantages of the Invention
[0045]In the present invention, since the concentration of fine
particles discharged through the first outlet through which the first
air current is discharged upward is lower than that of fine particles
discharged through the second outlet through which the second air
current is discharged to the space below the first current, the first
air current functions as the air curtain, and thus the fine particles
included in the second air current are not diffused to the space
above the living space. Thus, it is possible to supply a sufficient
number of fine particles to the living space. In particular, in a
floor or the like where a living room has a high ceiling, the
diffusion of fine particles is reduced, and thus it is possible to
obtain larger effects. [0046]In the present invention, since the air
flow path includes a plurality of vertical division passages that
vertically divide the outlet, and the speed of the air current
flowing in the vertical division passage at the upper portion is
higher than that of the air current flowing in the vertical division
at the lower portion, the air current is discharged through the
vertical division passage at the upper portion to the space above the
living space, and thus the air current functions as the air curtain,
with the result that the diffusion of the air current discharged
through the vertical division passage at the lower portion is
reduced. Hence, the fine particles discharged to the living space are
not diffused to the space above the living space, and thus it is
possible to supply a sufficient number of fine particles to the
living space.  - 16 - 



[0047]In the present invention, since the lateral division passages
are provided in the laterally extending air flow path, and one of the
positive ion and the negative ion flows in each of the lateral
division passages, it is possible to reduce the collision of ions
resulting from the air current curving and flowing in the air flow
path. It is therefore possible to reduce the destroying of the ions,
supply a sufficient number of ions into the living room and enhance
the sterilization performance. Brief Description of Drawings [0048]
[Fig. 1] A perspective view showing a fine particle diffusion device
according to a first embodiment of the present invention; [Fig. 2] A
side cross-sectional view showing the fine particle diffusion device
according to the first embodiment of the present invention; [Fig. 3]
A side cross-sectional view showing an air flow path of the fine
particle diffusion device according to the first embodiment of the
present invention; [Fig. 4] A side cross-sectional view illustrating
the function of vertical division passages of the air flow path of
the fine particle diffusion device according to the first embodiment
of the present invention; [Fig. 5] A side cross-sectional view
illustrating the function of the vertical division passages of the
air flow path of the fine particle diffusion device according to the
first embodiment of the present invention; [Fig. 6] A side
cross-sectional view illustrating the function of the vertical
division passages of the air flow path of the fine particle diffusion
device according to the first embodiment of the present invention;
[Fig. 7] A side cross-sectional view illustrating the function of the
vertical division 



- 17 - passages of the air flow path of the fine particle diffusion
device according to the first embodiment of the present invention;
[Fig. 8] A plan view showing a laterally increasing width portion of
the air flow path of the fine particle diffusion device according to
the first embodiment of the present invention; [Fig. 9] A side
cross-sectional view illustrating the speed of air flowing in the air
flow path of the fine particle diffusion device according to the
first embodiment of the present invention; [Fig. 10] A side
cross-sectional view illustrating the speed of air flowing in the air
flow path of the fine particle diffusion device according to the
first embodiment of the present invention; [Fig. 11] A perspective
view showing the state of air flowing in a living room with the fine
particle diffusion device according to the first embodiment of the
present invention; [Fig. 12] A diagram showing results obtained by
measuring the concentration of ions on a vertical surface with the
fine particle diffusion device according to the first embodiment of
the present invention; [Fig. 13] A diagram showing results obtained
by measuring the concentration of ions on a horizontal surface with
the fine particle diffusion device according to the first embodiment
of the present invention; [Fig. 14] A perspective view showing the
state of air flowing in the living room with the fine particle
diffusion device of comparative example 1 of the present invention;
[Fig. 15] A diagram showing results obtained by measuring the
concentration of ions on a vertical surface with the fine particle
diffusion device of comparative example 1 



- 18 - of the present invention; [Fig. 16] A perspective view showing
the state of air flowing in the living room with the fine particle
diffusion device of comparative example 2 of the present invention;
[Fig. 17] A diagram showing results obtained by measuring the
concentration of ions on a vertical surface with the fine particle
diffusion device of comparative example 2 of the present invention;
[Fig. 18] A plan view showing the state of air flowing in the living
room with the fine particle diffusion device of comparative example 3
of the present invention; [Fig. 19] A diagram showing results
obtained by measuring the concentration of ions on a horizontal
surface with the fine particle diffusion device of comparative
example 3 of the present invention; [Fig. 20] A plan view showing the
state of air flowing in the living room with the fine particle
diffusion device of comparative example 4 of the present invention;
[Fig. 21] A diagram showing results obtained by measuring the
concentration of ions on a horizontal surface with the fine particle
diffusion device of comparative example 4 of the present invention; 



[Fig. 22] A perspective view showing the state of air flowing in the
living room with a fine particle diffusion device according to a
second embodiment of the present invention; [Fig. 23] A diagram
showing results obtained by measuring the concentration of ions on a
vertical surface with the fine particle diffusion device according to
the second embodiment of the present invention; [Fig. 24] A
perspective view showing the state of air flowing in the living room
with a fine particle diffusion device according to a third embodiment
of the present  - 19 - invention; [Fig. 25] A side cross-sectional
view showing a fine particle diffusion device according to a fourth
embodiment of the present invention; [Fig. 26] A plan view showing a
laterally increasing width portion of an air flow path of a fine
particle diffusion device according to a fifth embodiment of the
present invention; [Fig. 27] A diagram showing results obtained by
measuring the concentration of ions on a horizontal surface with the
fine particle diffusion device according to the fifth embodiment of
the present invention; and 



[Fig. 28] A plan view showing a laterally increasing width portion of
an air flow path of a fine particle diffusion device according to a
sixth embodiment of the present invention. Best Mode for Carrying Out
the Invention [0049]Embodiments of the present invention will be
described below with reference to the accompanying drawings. Fig. 1
is an external perspective view showing a fine particle diffusion
device of a first embodiment. The fine particle diffusion device 1 is
formed with an ion diffusion device that diffuses and discharges
ions. The fine particle diffusion device 1 is provided with leg
portions 2a at the left and right ends of a main body enclosure 2,
and is placed on the floor surface of a living room. An outlet 10 is
opened in an upper portion of the front surface of the main body
enclosure 2. [0050]Fig. 2 shows a side cross-sectional view of the
fine particle diffusion device 1. In the bottom surface of the main
body enclosure 2, an inlet 3 through which air  - 20 - within the
living room is sucked is provided. In a lower portion of the main
body enclosure 2, a blower fan 5 covered by a housing 5a is provided.
The blower fan 5 is formed with a cross flow fan; air is sucked into
the housing 5a in a circumferential direction of a rotor (not shown)
through an air intake port 5b, and the air is discharged through an
air outlet port Sc in the circumferential direction. An air filter 4
is provided between the inlet 3 and the blower fan 5. [0051]The air
outlet port Sc of the blower fan 5 and the outlet 10 are coupled to
each 



other by an air flow path 6 in which an air current blown by the
blower fan 5 flows. The air flow path 6 is formed integrally with the
housing 5a, and extends upward and bends frontward. In the air flow
path 6, a plurality of vertical division passages 11 to 14 (division
passages) that are divided in a vertical direction are sequentially
arranged from top to bottom. [0052]The vertical division passage 11
at the top is arranged in the outer circumferential side of the air
outlet port Sc of the blower fan 5; the vertical division passage 14
at the bottom is arranged in the inner circumferential side of the
air outlet port Sc of the blower fan S. The inner circumferential
side of the air outlet port Sc indicates the front of the rotational
direction of the rotor, and is the side of a lower wall 6D (see Fig.
3). The outer circumferential side of the outlet port Sc indicates
the back of the rotational direction of the rotor, and is the side of
an upper wall 6U (see Fig. 3). The speed of an air current in the
outer circumferential side of the air outlet port Sc is higher than
that of an air current in the inner circumferential side due to a
centrifugal force. [0053]The outlet 10 is vertically divided into
openings 10a, 10b, 10c and 10d according to the vertical division
passages 11 to 14. As described in detail later, a  -21 - vertically
increasing width portion 7 is provided in each of the vertical
division passages 11 to 14 in the upstream side; a laterally
increasing width portion 8 is provided in the downstream side.
[0054]In the vertical division passage 14 at the lowermost part,
electrodes 17a and 17b (first and second ion generation portions; see
Fig. 8) of a fine particle generation device 17 are so arranged as to
be exposed. A voltage having an alternating-current waveform or an
impulse waveform is applied to the electrodes 17a and 17b of the fine
particle generation device 17. A positive voltage is applied to the
electrode 17a, and ions generated by ionization combine with water in
the air to form positive cluster ions composed mainly oft (H20)m. 



[0055]A negative voltage is applied to the electrode 17b, and ions
generated by ionization combine with water in the air to form
negative cluster ions composed mainly of Of (H20)n. Here, m and n
each represent a whole number. H+ (H20)m and Of (H20)n aggregate on
the surfaces of airborne bacteria in the air, smelling components and
surface colonized bacteria in storage materials, and surround them.
[0056] As shown in formulas (1) to (3), collisions occur to form and
aggregate hydroxyl radicals (.0H), which are active species, and
hydrogen peroxide (H202) on the surfaces of microorganisms and the
like, and thus airborne bacteria, smelling components and the like
are destroyed. Here, m' and n' each represent a whole number. Hence,
positive ions and negative ions are generated and discharged through
the outlet 10, and thus it is possible to sterilize a room and remove
smells. [0057]H+ (H20)m + Of (H20)n -> 0H + 1/202+ (m + n) H20(1) H+
(H20)m + H (H20)m' + Of (H20)n + Of (H20)n' 2.0H + 02  (11 +n + n')
H20(2)  - 22 - Tr (H20)111 + H (1420)M.'  02 (H20)11  02 (1120)11' ->
H202 + 02+ (m + m' + n + n') H20(3) 



[0058] It is conventionally known that positive ions H+ (H20)m and
negative ions 02- (H20)n are discharged into the air and the
reactions of the ions kill airborne bacteria and the like. Since
these ions recombine with each other to destroy themselves, even if a
high concentration can be achieved near the electrodes of an ion
generation element, the concentration is rapidly reduced as the ions
are discharged further.  [0059] Hence, although an ion concentration
of a few tens of thousands of ions per cm3 can be achieved in a small
volume space such as an experimental device, an ion concentration of
at most a few thousands of ions per cm3 can be achieved in a large
space such as an actual living space or working space. [0060]On the
other hand, in an experiment, 99% of avian influenza viruses are
removed in ten minutes at the time of an ion concentration of 7000
ions per cm3, and 99.9% thereof are removed in ten minutes at the
time of an ion concentration of 50000 ions per cm3. In other words,
when viruses are assumed to be present in the air at a rate of 1000
viruses per cm3, as a result of the sterilization using the ions,
viruses are left at a rate of 10 viruses per cm3 and at a rate of one
virus per cm3 in above cases, respectively. Hence, when the ion
concentration is increased from 7000 ions per cm3 to 50000 ions per
cm3, the remaining viruses can be reduced to one-tenth.  [0061]
Therefore, in order to prevent infectious diseases and achieve
environmental cleanup, it is very important not only to discharge the
ions but also to keep high the ion concentration in an entire living
space or working space where people live. [0062]Fig. 3 is a side
cross-sectional view schematically showing the configuration of the
air flow path 6. The upper wall 6U and the lower wall 6D of the air
flow path 6  - 23 - have curved surface portions 6a and 6b,
respectively. Individual wall surfaces that form the vertical
division passages 11 to 14 are curved along the upper wall 6U and the
lower wall 6D; one ends D1 thereof are provided near the blower fan
5. 



[0063] Thus, the vertical division passages 11 to 14 are formed to
extend from the vicinity of the blower fan 5 to the outlet 10. The
starting points Al and A2 of the curved surface portions 6a and 6b
are arranged downstream from the starting point (D1) of the vertical
division passages 11 to 14. Thus, a line C 1 intersecting the centers
of the curved surface portions 6a and 6b is arranged downstream from
the starting point (D1) of the vertical division passages 11 to 14.
[0064]When an air current flowing in an upper portion of the air flow
path 6 is bent frontward by the curved surface portions 6a and 6b,
the air current moves upward due to the inertia thereof, and thus the
air current is more likely to move apart from the lower wall 6D and
along the upper wall 6U. Therefore, the speed of the air current
flowing in the upper portion of the air flow path 6 is higher than
that of an air current flowing in a lower region. [0065]Moreover, the
vertical division passages 11 to 14 are sequentially arranged from
the outer circumferential side of the air outlet port Sc of the
blower fan 5. Thus, it is possible to stepwise increase the speeds of
air currents flowing in the vertical division passages 11 to 14 from
the vertical division passage on the top. [0066]When the vertical
division passages 11 to 14 are not provided, the amount of air
current separating from the lower wall 6D is increased. Hence, as
shown in Fig. 4, in the speed distribution of air currents around the
outlet 10, a backward current region H where air currents are
reversed in the side of the lower wall 6D is produced, and the air
currents are disturbed.  - 24 - [0067]The vertical division passages
11 to 14 are provided to extend from the vicinity 



of the blower fan 5; the wetted perimeter (a perimeter surrounding a
cross section) of the cross section of a flow path is increased due
to the vertical division passages 11 to 14. Hence, the air currents
are affected more by the viscosity than by the inertia, and thus the
air currents are more likely to move along the wall surfaces of the
vertical division passages 11 to 14. In this way, as shown in Fig. 5,
no backward current region H is formed, and thus the separation of
the air currents is reduced and the air currents are prevented from
being disturbed [0068]Here, when the starting point (D1) of the
division passage is arranged downstream from the line Cl intersecting
the centers B1 and B2 of the curved surface portions 6a and 6b, as
shown in Fig. 6, a backward current region H is formed. Hence, when
the line Cl intersecting the centers of the curved surface portions
6a and 6b is arranged downstream from the starting point (D1) of the
vertical division passages 11 to 14, it is possible to prevent the
air currents from being disturbed. When the starting point (D1) of
the vertical division passages 11 to 14 is arranged near the air
outlet port 5c of the blower fan 5, it is possible to reliably
prevent the air currents from being disturbed. [0069]Here, when the
curvature of the curved surface portions 6a and 6b is constant,
centers B1 and B2 are the center points of creepage distances. When
the curvature of the curved surface portions 6a and 6b are changed,
and angles formed between horizontal lines and tangents at the
starting point and the end point of the curved surface portions 6a
and 6b are assumed to be 01 and 02, respectively, the centers B1 an
B2 are positions that satisfy (01 + 02) /2. [0070]Even when, as shown
in Fig. 7, two vertical division passages 11 and 14 are  - 25 -
provided, it is possible to reduce the disturbance of air currents as
compared with the cases shown in Figs. 4 and 6. Here, a backward
current region H may be formed in part of the air flow path 6
depending on the curvature of the air flow path 6. On the other hand,
when the number of division passages is increased, a pressure loss is
increased. Therefore, the number of division passages is set
according to the area of the flow path of and the curvature of the
air flow path 6. [0071]As shown in Fig. 3, in the vertically
increasing width portion 7, the distance 



between the upper wall 6U and the lower wall 6D of the air flow path
6 is increased in a vertical direction as the air flow path 6 extends
from the upstream side to the down stream side. Thus, the air
currents are discharged through the outlet 10 such that they extend
in the vertical direction. The width of each of the vertical division
passages 11 to 14 is increased in the vertical direction as they
extend from the upstream side to the down stream side; the cross
section of the flow path is formed in the shape of a slit in which
its lateral width is sufficiently greater than its width in a height
direction. Hence, the areas of portions of the upper and lower wall
surfaces of the vertical division passages 11 to 14 in contact with
the air currents flowing in the air flow path 6 are increased. It is
therefore possible to extend the air currents flowing in the vertical
division passages 11 to 14 in the vertical direction without the air
currents separating from the upper and lower wall surfaces. [0072]The
laterally increasing width portion 8 is arranged downstream from the
vertically increasing width portion 7; the upper and lower wall
surfaces thereof are extended along a plane from the edge of the
vertically increasing width portion 7. Fig. 8 shows a plan view of
the vertical division passage 14. In the laterally increasing width
portion 8, the distance between a left wall 6L and a right wall 6R of
- 26 - the air flow path 6 is increased in the lateral direction as
the air flow path 6 extends from the upstream side to the down stream
side. Thus, the air currents are discharged through the outlet 10
such that they extend in the lateral direction. [0073]The laterally
increasing width portion 8 has lateral division passages 8a that are
composed of a plurality of thin passages obtained by further dividing
the vertical division passages 11 to 14 in the lateral direction. The
electrodes 17a and 17b of the fine particle generation device 17 are
provided near the open ends of the lateral division passages 8a on
the air inflow side. Hence, positive ions generated at the electrode
17a flow in one of the lateral division passages 8a. Negative ions
generated at the electrode 17b flow in one of the lateral division
passages 8a adjacent to the above-mentioned lateral division passage
8a. Thus, it is possible to reduce the destroying of the positive and
negative ions resulting from the positive and negative ions colliding
with each other. [0074]The left wall 6L and the right wall 6R have
curved surface portions 6c and 6d. Individual wall surfaces that form
the lateral division passages 8a are curved along the left wall 6L
and the right wall 6R. The width of each of the lateral division
passages 8a between the left and right wall surfaces is increased in
the lateral direction as the lateral division passage 8a extends from
the upstream side to the downstream side; the lateral width of the
cross section of the flow path is narrowed with respect to the
vertically increasing width portion 7. Thus, the areas of portions of
the left and right wall surfaces in contact with the air currents
flowing in the air flow path 6 are increased. It is therefore
possible to extend the air currents flowing in the lateral division
passages 8a in the lateral direction without the air currents
separating from the left and right wall surfaces. 



- 27 - [0075]A line C2 intersecting the centers of the curved surface
portions 6c and 6d is arranged downstream from one ends D2 of the
wall surfaces of the lateral division passages 8a. In other words,
the open ends of the lateral division passages 8a on the air inflow
side are arranged upstream from the line C2. It is therefore possible
to reliably curve the air currents along the lateral division
passages 8a and prevent the disturbance of the air currents in the
laterally increasing width portion 8 resulting from the separation of
the air currents. [0076]The laterally increasing width portion 8 may
be arranged upstream from the vertically increasing width portion 7.
Here, the air flow path 6 has the lateral division passages divided
in the lateral direction; the laterally increasing width portion 8 is
formed upstream from the lateral division passages. The width of the
laterally increasing width portion 8 is increased in the lateral
direction as the laterally increasing width portion 8 extends from
the upstream side to the downstream side. In the vertically
increasing width portion 7 arranged downstream from the lateral
division passages, the vertical division passages are formed with
thin passages obtained by further dividing the lateral division
passages in the vertical direction. The width of each of the vertical
division passages is increased in the vertical direction as the
vertical division passage extends from the upstream side to the
downstream side.  [0077] However, the laterally increasing width
portion 8 is more preferably arranged downstream from the vertically
increasing width portion 7. Thus, the air flow path 6 integral with
the housing 5a of the blower fan 5 can be formed with a release
direction of the vertically increasing width portion 7 being the
lateral direction and a release direction of the laterally increasing
width portion 8 being the forward and backward direction. It is
therefore possible to simply form the air flow path 6.  - 28 -
[0078]As shown in Fig. 2 described previously, in the vertical
division passage 14, a 



narrowed portion 14a is provided upstream from the fine particle
generation device 17. The width d of the narrowed portion 14a in a
height direction is narrower than the width D of the vertical
division passage 14 in a height direction at the starting point. With
the narrowed portion 14a, the speed of air is increased at the fine
particle generation device 17 and the air current is smoothed.
Thereafter, the flow path is extended by the vertically increasing
width portion 7. [0079]When the ion concentration is high and
saturation occurs near the electrodes 17a and 17b of the fine
particle generation device 17, it is difficult to generate the ions.
Hence, with the narrowed portion 14a, it is possible to increase the
speed of the air current at the electrodes 17a and 17b of the fine
particle generation device 17 and thus reduce the ion concentration.
In this way, it is possible to generate a larger number of ions with
the fine particle generation device 17 and incorporate the ions into
the air current. [0080]When, in the fine particle diffusion device 1
configured as described above, the blower fan 5 and the fine particle
generation device 17 are driven, air within the living room is taken
through the inlet 3 into the main body enclosure 2. From the air
taken into the main body enclosure 2, dust is filtered by the air
filter 4, and the air is guided through air intake port 5b to the
blower fan 5. [0081]The air discharged from the blower fan 5 flows
through the air outlet port 5c in the air flow path 6. The air
current flowing in the air flow path 6 is divided by vertical
division passages 11 to 14; the flow path is extended in the vertical
direction in the vertically increasing width portion 7 and is
extended in the lateral direction in the laterally increasing width
portion 8. Thus, the air current expanded in the vertical  - 29 - and
lateral directions is discharged through the outlet 10. 



[0082]The air current flowing in the vertical division passage 14 at
the bottom of the air flow path 6 is divided by the lateral division
passages 8a. Either the positive ions or the negative ions are
incorporated into each of the lateral division passages 8a with the
electrodes 17a and 17b in the fine particle generation device 17.
Thus, the air current (second air current) including the positive and
negative ions is discharged through the opening 10d (second outlet).
[0083]Since the air currents (first air current) discharged through
the openings 10a, 10b and 10c (first outlet) have flowed in the
vertical division passages 11 to 13 at the upper portion of the air
flow path 6, their speeds are faster. Hence, the air currents
discharged through the openings 10a, 10b and 10c function as an air
curtain to prevent ions from diffusing upward. Therefore, the air
current is discharged through the opening 10d to the living space
within the living room, the air currents are discharged through the
openings 10a, 10b and 10c to a space above the living space and thus
it is possible to supply a sufficient number of ions to the living
space and obtain high sterilization effects. [0084]The vertical
division passages 11 to 14 are sequentially arranged from top to
bottom, and thus the speeds of the air currents discharged through
the openings 10a to 10d are stepwise increased from the air current
at the top. Thus, it is possible to reduce the disturbance of the air
currents. Specifically, when, as shown in Fig. 9, an air current
between upper and lower air currents is slower than the upper and
lower air currents, eddy currents F are generated to disturb the air
current. On the other hand, when, as shown in Fig. 10, the speeds of
the air currents are stepwise varied, no eddy currents are generated,
and the disturbance of the air current is reduced. Figs. 9 and  -30 -
10 illustrate a case where the openings 10b and 100 form one opening.
[0085]Figs. 11 to 13 are diagrams showing results obtained by
examining the 



distribution of ions in a living room with the fine particle
diffusion device 1 of the present embodiment. The living room R is
4800 mm high, 6400 mm wide and 6400 mm deep. As shown in Fig. 11, the
fine particle diffusion device 1 is placed on one side wall W1 and a
floor surface F, and discharges, in an obliquely upward direction, an
air current toward a side wall W2 opposite the side wall W1 .
[0086]In Fig. 12, the concentration of ions is measured on a vertical
surface D passing through the center of the lateral direction of the
fine particle diffusion device 1. In Fig. 13, the concentration of
ions is measured on a horizontal surface E at a height of 1600 mm.
Since equal numbers of positive ions and negative ions are necessary
for sterilization, the concentration of which of the positive ions
and the negative ions are fewer in number is shown. [0087]Figs. 14
and 15 show comparative example 1; when no division passage is formed
in the air flow path 6 and an air current is discharged in an
obliquely upward direction into the same living room R, the
distribution of ions is examined on the vertical surface D. Figs. 16
and 17 show comparative example 2; when no division passage is formed
in the air flow path 6 and an air current is discharged in a
vertically upward direction into the same living room R, the
distribution of ions is examined on the vertical surface D.
[0088]Figs. 18 and 19 show comparative example 3; when electrodes 17c
that simultaneously generate positive and negative ions for the
individual lateral division passages 8a are provided, the
distribution of ions is examined on the horizontal surface E. In Fig.
18, positive ions and negative ions are included in an air current
flowing in  



-31 - each of the lateral division passages 8a. Figs. 20 and 21 show
comparative example 4; when no lateral division passage 8a is
provided, the distribution of ions is examined on the horizontal
surface E. [0089]Figs. 15 and 17 show that ions are diffused to a
ceiling surface S within the living room R and that the concentration
of ions is high in an upper portion of the living room R and the
concentration of ions is low in a living space (at a height of 1600
mm or less) in a lower portion of the living room R. On the other
hand, in the present embodiment shown in Fig. 12, the upward
diffusion of ions is reduced, and thus it is possible to increase the
concentration of ions in the living space in the lower portion of the
living room R. [0090]In the present embodiment shown in Fig. 13, the
destroying of ions is reduced, and thus it is possible to increase
the concentration of ions in the middle portion of the living room R.
On the other hand, Fig. 19 shows that a region where the
concentration of ions is high in the middle portion of the living
room R is narrowed. Fig. 21 shows that regions where the
concentration of ions is low at the left and right end portions of
the living room R are extended and that the region where the
concentration of ions is high in the middle portion of the living
room R is further narrowed. [0091]In the present embodiment, the
openings 10a to 10c (first outlet) through which the air currents
(first current) are discharged upward are provided, and the opening
10d (second outlet) through which the air current (second air
current) is discharged downward is provided. Ions are included in the
air current discharged through the opening 10d; ions are not included
in the air currents discharged through the openings 10a to 10c.
Hence, the air currents discharged through the openings 10a  - 32 - 



to 10c function as an air curtain, and thus ions included in the air
current discharged through the opening 10d are not diffused to a
space above the living space. Thus, it is possible to supply a
sufficient number of ions to the living space. In particular, in a
floor or the like where a living room has a high ceiling, the
diffusion of ions is reduced, and thus it is possible to obtain
larger effects. [0092]Part of ions generated by the fine particle
generation device 17 may be discharged through the openings 10a to
10c. In this case, when the concentration of ions discharged through
the openings 10a to 10c is set lower than the concentration of ions
discharged through the opening 10d, as in the case described above, a
large number of ions are not diffused to a space above the living
space. It is therefore possible to supply a sufficient number of ions
to the living space. In particular, in a living room has a low
ceiling, a small number of ions are diffused upward, and thus this
method is effective. [0093]Since the speeds of the air currents
discharged through the openings 10a to 10c are higher than the speed
of the air current discharged through the opening 10d, it is possible
to reliably form the air curtain. Moreover, since the slow air
current is discharged to the living space, it is possible to supply
ions to the living space without the wind being sensed by a person.
With a plurality of blower fans, air currents having different speeds
may be formed. [0094]Since the air current discharged through the
opening 10d is adjacent to the air currents discharged through the
openings 10a to 10c, it is possible to supply ions farther along the
fast air currents discharged through the openings 10a to 10c.
[0095]Since the openings 10a to 10c are divided into upper and lower
portions, and the speed of the air current discharged through the
upper portion is higher than the  



-33 - speed of the air current discharged through the lower portion,
the speeds of the air currents discharged through the outlet are
gradually increased from the air current at the bottom to the air
current at the top. Thus, it is possible to reduce the disturbance of
the air currents and enhance the efficiency with which air is
discharged.  [0096] Since the air current is discharged through the
opening 10d such that the air current extends in the vertical
direction due to the vertically increasing width portion 7, it is
possible to vertically diffuse ions to the living space. Thus, it is
possible to more sufficiently supply ions to the living space.
[0097]Moreover, since the air current is discharged through the
opening 10d such that the air current extends in the lateral
direction due to the laterally increasing width portion 8, it is
possible to laterally diffuse ions to the living space. Thus, it is
possible to more sufficiently supply ions to the living space.
[0098]Since the air currents are discharged through the opening 10a
to 10c such that the air currents extend in the lateral direction due
to the laterally increasing width portion 8, it is possible to
reliably form the air curtain. [0099]Since the air flow path 6 has
the vertical division passages 11 to 14, which divide the outlet 10
vertically, and the speeds of the air currents flowing in the
vertical division passages 11 to 13 at the upper portion are higher
than the speed of the vertical division passage 14 at the lower
portion, the air currents are discharged through the vertical
division passages 11 to 13 at the upper portion to the space above
the living space and thus the air currents function as the air
curtain, with the result that it is possible to prevent the diffusion
of the air current discharged through the vertical division passage
14 at the lower portion. In this way, it is possible to prevent ions
from being diffused to the space above the living space and supply a
sufficient amount  



- 34 - of ions to the living space. [0100]Since the fine particle
generation device 17 is arranged in the vertical division passage 14
at the lower portion, ions are included in the slow air current
discharged through the lower portion of the outlet 10, and thus it is
possible to supply ions to the living space without the wind being
sensed by a person. [0101]Since the air flow path 6 extends upward
from the blower fan 5 and bends frontward, and extends from the
vicinity of the blower fan 5 to the outlet 10 to form the vertical
division passages 11 to 14, the wetted perimeter of the cross section
of the flow path is increased due to the vertical division passages
11 to 14, and thus the air currents easily flow along the wall
surfaces of the vertical division passages 11 to 14. In this way, it
is possible to increase the speed of air flowing in the upper portion
of the air flow path 6, and reduce the separation and the disturbance
of the air currents.  [0102] Since the air flow path 6 extends to the
outlet 10 from the upstream side of the position intersecting the
center of the curved surface portion 6a of the upper wall 6U of the
air flow path 6 and the center of the curved surface portion 6b of
the lower wall 6D, and thereby forms the vertical division passages
11 to 14, it is possible to reduce the air current separated from the
lower wall 6D and the disturbance of the air currents.  [0103] Since
the vertical division passage 14 at the lower portion is arranged on
the inner circumferential side of the air outlet port Sc of the
blower fan 5 with respect to the vertical division passages 11 to 13
at the upper portion, it is possible to increase the speeds of the
air currents flowing in the vertical division passages 11 to 13 at
the upper portion. [0104]Since the vertical division passages 11 to
14 have the vertically increasing width portion 7, and the cross
section of the vertically increasing width portion 7 



-35 - perpendicular to the air current therein is formed in the shape
of a laterally extending slit, the areas of portions of the upper and
lower wall surfaces of the vertical division passages 11 to 14 in
contact with the air currents flowing in the air flow path 6 are
increased. Thus, it is possible to extend the air currents flowing in
the vertical division passages 11 to 14 in the vertical direction
without the air currents separating from the upper and lower wall
surfaces. It is therefore possible to vertically diffuse ions to the
living space. [0105]Since the vertical division passages 11 to 14
have, on the downstream side of the vertically increasing width
portion 7, the laterally increasing width portion 8 that increases
its width as it extends from the upstream side to the downstream side
and that extends the air currents in the lateral direction, it is
possible not only to extend the air currents in the lateral direction
and laterally diffuse ions to the living space but also to form the
wide air curtain to prevent the upward diffusion of ions. It is also
possible to easily form the air flow path 6 with high formability.
[0106]Since the laterally increasing width portion 8 has the lateral
division passages 8a obtained by laterally dividing the vertical
division passages 11 to 14, and the width of each of the lateral
division passages 8a is increased laterally as it extends from the
upstream side to the downstream side, the areas of portions of the
left and right wall surfaces in contact with the air currents flowing
in the air flow path 6 are increased. It is therefore possible to
extend the air currents flowing in the lateral division passages 8a
in the lateral direction without the air currents separating from the
left and right wall surfaces. [0107]Since the vertical division
passage 14 in which the fine particle generation device 17 is
arranged is provided with the narrowed portion 14a for narrowing the



- 36 - flow path on the upstream side of the fine particle generation
device 17, the air current is narrowed and smoothed on the upstream
side of the fine particle generation device 17. Since the speed of
the air current is increased by the narrowed portion 14a, the
concentration of ions near the fine particle generation device 17 is
decreased. Thus, it is possible to generate a large number of ions
with the fine particle generation device 17 and incorporate them into
the air current. The narrowed portion 14a may be arranged at the
position where the fine particle generation device 17 is arranged.
[0108] Since the lateral division passages 8a are provided in the
laterally increasing width portion 8, which extends laterally in the
air flow path 6, and either the positive ions or the negative ions
are incorporated into each of the lateral division passages 8a, it is
possible to reduce the collision of ions resulting from the air
current curving and flowing in the air flow path 6. Hence, it is
possible to reduce the destroying of ions, supply a sufficient number
of ions into the living room and enhance the sterilization
performance. When either the positive ions or the negative ions
mainly flow in each of the lateral division passages 8a, even if a
small number of the other ions are included, the effects described
above can be obtained. [0109]Since one of the electrodes 17a and 17b
(first and second ion generation portions) is arranged near the open
end of each of the lateral division passages 8a on the air inflow
side, it is possible to easily pass either the positive ions or the
negative ions through each of the lateral division passages 8a. The
electrodes 17a and 17b (first and second ion generation portions) may
be arranged within the lateral division passages 8a. [0110]Since the
positive ions flow in one of adjacent lateral division passages 8a,
and the negative ions flow in the other of the adjacent lateral
division passages 8a, it is  - 37 - possible to supply equal numbers
of positive ions and negative ions to individual positions within the
living room. Since equal numbers of positive ions and negative ions
are necessary for killing airborne bacterial, it is possible to
reliably obtain sterilization effects by supplying equal number of
positive ions and negative ions. 



[0111] Since the open ends of the lateral division passages 8a on the
air inflow side are formed on the upstream side of the position
intersecting the center of the curved surface portion 6c of the left
wall 6L of the air flow path 6 and the center of the curved surface
portion 6d of the right wall 6R, it is possible to reduce the air
currents separating from the curved surface portions 6c and 6d. It is
therefore possible to reduce the disturbance of the air currents and
prevent the destroying of ions resulting from collision of the ions.
[0112]Since the vertical division passages 11 to 14, which vertically
divide the air flow path 6, are provided, and the lateral division
passages 8a are composed of thin passages obtained by laterally
dividing the vertical division passages 11 to 14 on the side of the
outlet 10, it is possible to smooth the air currents with the
vertical division passages 11 to 14 and guide them to the lateral
division passages 8a. It is also possible to prevent the generation
of the backward current region H. It is therefore possible to further
reduce the disturbance of the air currents and prevent the destroying
of ions resulting from collision of the ions. [0113]Since the ion
generation device 17 is arranged in the vertical division passage 14
at the lower portion, and the speeds of the air currents flowing in
the vertical division passages 11 to 13 at the upper portion are
higher than the speed of the vertical division passage 14 at the
lower portion, the air currents are discharged through the vertical
division passages 11 to 13 at the upper portion to the space above
the living  - 38 - space and thus the air currents function as the
air curtain, with the result that it is possible to prevent the
diffusion of the air current discharged through the vertical division
passage 14 at the lower portion. In this way, it is possible to
prevent ions from being diffused to the space above the living space
and supply a sufficient number of ions to the living space. With a
plurality of blower fans, air currents having different speeds may be
formed. [0114]A second embodiment will now be described. In the
present embodiment, as shown in Fig. 7 described previously, the two
vertical division passages 11 and 14 are provided vertically. Hence,
two openings 10a and 10d (see Fig. 2) arranged vertically side by
side are formed in the outlet 10 (see Fig. 2), and air currents are
discharged through the openings 10a and 10d into the living room. The
fine particle generation device 17 is provided in the vertical
division passage 14. The other portions are the same as in the first
embodiment 



[0115]Figs. 22 and 23 are diagrams showing results obtained by
examining the distribution of ions in the living room with the fine
particle diffusion device 1 of the present embodiment. As in Fig. 11
described previously, the living room R is 4800 mm high, 6400 mm wide
and 6400 mm deep. The fine particle diffusion device 1 is placed on
the one side wall W1 and the floor surface F, and discharges an air
current toward the side wall W2 opposite the side wall Wl. The
concentration of ions was measured on the vertical surface D passing
through the center of the fine particle diffusion device 1 in the
lateral direction. [0116]Fig. 23 shows that, as compared with
comparative examples 1 and 2 of Figs. 15 and 17 described previously,
it is possible to prevent the upward diffusion of ions and increase
the concentration of ions in the living space in the lower portion of
the  -39 - living room R. [0117]In the present embodiment, as in the
first embodiment, the opening 10a (first outlet) through which the
air current (first air current) is discharged upward is provided, and
the opening 10d (second outlet) through which the air current (second
air current) is discharged to a space below the above-mentioned air
current is provided. Ions are included in the air current discharged
through the opening 10d; ions are not included in the air current
discharged through the opening 10a. Hence, the air current discharged
through the opening 10a functions as the air curtain, and thus the
ions included in the air current discharged through the opening 10d
are not diffiised to the space above the living space. In this way,
it is possible to supply a sufficient number of ions to the living
space. Part of ions having a lower concentration than the
concentration of the ions discharged through the opening 10d may be
discharged through the opening 10a. 



[0118]A third embodiment will now be described. In the present
embodiment, three division passages are provided vertically. Hence,
as shown in Fig. 10 described previously, three openings 10a, 10b and
10d arranged vertically side by side are formed in the outlet 10 (see
Fig. 2), and air currents are discharged through the openings 10a,
10b and 10d into the living room. The fine particle generation device
17 is provided in the division passage that has the opening 10d and
is arranged at the lower portion. The other portions are the same as
in the first embodiment.  [0119] As shown in Fig. 10, the speeds of
air currents discharged through the openings 10a, 10b and 10d are
stepwise varied from the air current at the top to the air current at
the bottom. Thus, no eddy currents are generated, and the disturbance
of the air currents are reduced. As shown in Fig. 24, the air
currents including no ions  - 40 - are discharged through the
openings 10a and 10b to the space above the living space, and the air
current including ions are discharged through the opening 10d to the
living space. Thus, it is possible to obtain the same effects as the
first and second embodiments. Part of ions having a lower
concentration than the concentration of the ions discharged through
the opening 10d may be discharged through the openings 10a and 10b
[0120]Fig. 25 is a side cross-sectional view schematically showing
the fine particle diffusion device 1 of a fourth embodiment. For ease
of description, the same portions as shown in Figs. 1 and 2 described
previously are identified with like symbols. The blower fan 5 of the
present embodiment is formed with a sirocco fan or turbofan that
sucks air in the direction of a shaft and that discharges the air in
the circumferential direction. The other portions are the same as in
the first and second embodiments. [0121]The air flow path 6 extends
upward from the blower fan 5 and bends frontward, and has the
vertical division passages 11 and 14 divided vertically. The fine
particle generation device 17 is arranged in the vertical division
passage 14 at the lower portion. In the vertical division passage 14,
the narrowed portion 14a is arranged at the position where the fine
particle generation device 17 is arranged. 



[0122]The blower fan 5 formed with a sirocco fan or turbofan is
provided with a plurality of blades 5h on a disk 5g; air is sucked in
the direction of the shaft and is discharged in the circumferential
direction. Hence, the disk 5g is arranged opposite the air intake
port 5a, and the vertical division passage 14 is arranged on the side
of the air intake port 5a and the vertical division passage 11 is
arranged on the side of the disk 5g The speed of air discharged
through the air outlet port Sc is slow on the side  - 41 - of the
inlet 5b and is fast on the side of the disk 5g due to the viscosity
of air. Hence, the vertical division passage 11 at the upper portion
is provided on the side of the disk 5g, and thus it is possible to
increase the speed of the air current discharged through the opening
10a. Therefore, the air intake port 5b is arranged on the side toward
which the air flow path 6 is curved. [0123]With the present
embodiment, it is possible to obtain the same effects as in the first
embodiment. Part of ions having a lower concentration than the
concentration of the ions discharged through the opening 10d may be
discharged through the opening 10a. [0124]A fifth embodiment will now
be described. In the present embodiment, each of the electrodes 17a
and 17b shown in Fig. 8 described previously can switch ions between
positive ions and negative ions and generate them. The other portions
are the same as in the first embodiment shown in Figs. 1 to 8.
[0125]The polarities of ions generated by the electrodes 17a and 17b
are switched 



every predetermined period. Specifically, as shown in Fig. 8
described previously, positive ions are generated from the electrode
17a, and negative ions are generated from the electrode 17b as in the
first embodiment. When the predetermined period elapses, as shown in
Fig. 26, negative ions are generated from the electrode 17a, and
positive ions are generated from the electrode 17b. Then, when the
predetermined period elapses, ions are generated as shown in Fig. 8.
[0126]In this way, positive ions and negative ions are alternately
discharged into the left and right edges of the air currents that
extend laterally in the laterally increasing width portion 8 and that
are discharged. It is therefore possible to distribute positive ions
and negative ions of high concentration laterally and widely to the
living room.  - 42 - [0127]Fig. 27 is a diagram showing results
obtained by examining the distribution of ions in the living room
with the fine particle diffusion device 1 of the present embodiment.
As in Fig. 11 described previously, the living room R is 4800 mm
high, 6400 mm wide and 6400 mm deep. The fine particle diffusion
device 1 is placed on the one side wall W1 and the floor surface F,
and discharges an air current toward the side wall W2 opposite the
side wall WI. The concentration of ions indicates the concentration
of which of the positive ions and the negative ions are fewer in
number on the horizontal surface E at a height of 1600 mm. The figure
shows that the concentration of ions can be increased over a further
wide area in the lateral direction as compared with the first
embodiment. [0128]In the present embodiment, since the polarities of
ions generated by the electrodes 17a and 17b (first and second ion
generation portions) are switched every predetermined period, it is
possible to distribute positive ions and negative ions of high
concentration laterally and widely to the living room. Thus, it is
possible to further enhance the sterilization performance. Moreover,
since the polarities of ions flowing in the air flow path 6 are
alternately switched, it is possible to reduce charging of the air
flow path 6 and thus prevent the adherence of dust and the like.
[0129] A sixth embodiment will now be described. In the present
embodiment, as shown in Fig. 28, the electrodes 17a and 17b are
arranged near the open end of each of the lateral division passages
8a on the air inflow side. The other portions are the same as in the
first embodiment. The electrodes 17a and 17b for each of the lateral
division passages 8a are alternately driven. In the figure, the
electrodes 17a and 17b in the upper row are driven, and thereafter
the electrodes 17a and 17b in the lower row are driven. Consequently,
when the electrode 17a is driven in one of the lateral 



- 43 - division passages 8a to generate positive ions, the electrode
17b is driven in the lateral division passage 8a adjacent to the one
of the lateral division passages 8a to generate negative ions.
[0130]In this way, as in the fifth embodiment, positive ions and
negative ions are alternately discharged into the left and right
edges of the air currents that extend laterally in the laterally
increasing width portion 8 and that are discharged. It is therefore
possible to distribute positive ions and negative ions of high
concentration laterally and widely to the living room. Moreover,
since the polarities of ions flowing in the air flow path 6 are
alternately switched, it is possible to reduce charging of the air
flow path 6 and thus prevent the adherence of dust and the like.
[0131] In the first to sixth embodiments, the fine particle diffusion
device 1 sterilizes the living room by generating positive ions and
negative ions with the fine particle generation device 17 and then
discharging them through the outlet 10. As the fine particle
diffusion device 1, a fine particle diffusion device 1 may be used
that obtains relaxation effects by generating only negative ions with
the fine particle generation device 17. As the fine particle
diffusion device 1, a fine particle diffusion device 1 may also be
used that, for example, removes smells, kill insects or kill bacteria
within a living room by generating, an aromatic substance, a
deodorant, an insecticide, a bactericide or the like with the fine
particle generation device 17. Industrial Applicability [0132]The
present invention can be applied to a fine particle diffusion device
that discharges and diffuses into a room fine particles of ions, an
aromatic substance, a deodorant, an insecticide, a bactericide or the
like.  



- 44 - List of Reference Symbols [0133]1Fine particle diffusion
device 2Main body enclosure 3Inlet 4Air filter 5Blower fan 6Air flow
path 6a and 6bCurved surface portion 7Vertically increasing width
portion 



8Laterally increasing width portion 8aLateral division passage
10Outlet 10a to 10dOpening 11 to 14Vertical division passage 17Fine
particle generation device 17a, 17b and 17cElectrode  - 45 - CLAIMS 



[I]A fine particle diffusion device comprising: a first outlet
through which a first air current is discharged upward; a second
outlet which is arranged below the first outlet and through which a
second air current is discharged to a space below the first air
current; and a fine particle generation device which generates fine
particles,       wherein the fine particles generated by the fine
particle generation device are discharged, and a concentration of the
fine particles discharged through the first outlet is lower than a
concentration of the fine particles discharged through the second
outlet. [2] The fine particle diffusion device of claim 1, wherein
the fine particles are not discharged through the first outlet. [3]
The fine particle diffusion device of claim 1,       wherein a speed
of the first air current is higher than a speed of the second air
current. [4] The fine particle diffusion device of claim 3, wherein
the second air current is adjacent to the first air current.  



- 46 - outlet is higher than a speed of the first air current
discharged through the lower portion. [6] The fine particle diffusion
device of claim 1,       wherein the second air current is discharged
through the second outlet such that the second air current extends in
a vertical direction. [7] The fine particle diffusion device of claim
1,       wherein the second air current is discharged through the
second outlet such that the second air current extends in a lateral
direction. [8] The fine particle diffusion device of claim 1,
wherein the first air current is discharged through the first outlet
such that the first air current extends in a lateral direction. [9]
The fine particle diffusion device of claim 1,       wherein a
lateral width of the first outlet is sufficiently greater than a
height of the first outlet. 



[10] The fine particle diffusion device of claim 1,       wherein the
fine particles generated by the fine particle generation device
include any one of an ion, an aromatic substance, a deodorant, an
insecticide and a bactericide.  - 47 -       A fine particle
diffusion device that includes a fine particle generation device for
generating fine particles and that discharges the fine particles
through an outlet by driving of a blower fan,       wherein an air
flow path coupling the blower fan to the outlet includes a plurality
of vertical division passages that divide the outlet vertically, and
a speed of an air current flowing in one of the vertical division
passages at an upper portion is higher than a speed of an air current
flowing in one of the vertical division passages at a lower portion.
[12] The fine particle diffusion device of claim 11,       wherein
the fine particle generation device is arranged in the vertical
division passage at the lower portion. [13] The fine particle
diffusion device of claim 11,       wherein the air flow path extends
upward from the blower fan and bends frontward, and the air flow path
extends from a vicinity of the blower fan to the outlet to form the
vertical division passages. 



[14] The fine particle diffusion device of claim 11,       wherein
the air flow path is provided with an upper wall having a curved
surface portion and a lower wall having a curved surface portion,
extends upward from the blower fan and bends frontward and extends to
the outlet from an upstream side of a position intersecting a center
of the curved surface portion of the upper wall and a center of the
curved surface portion of the lower wall to form the vertical  - 48 -
division passages. [15] The fine particle diffusion device of claim
11,       wherein the blower fan is formed with a cross flow fan, and
the vertical division passage at the lower portion is arranged on an
inner circumferential side of the blower fan as compared with the
vertical division passage at the upper portion. [16] The fine
particle diffusion device of claim 11,       wherein the vertical
division passages have a vertically increasing width portion that
increases a width thereof as the vertically increasing width portion
extends from an upstream side to a downstream side and that extends
an air current in a vertical direction, and a cross section of the
vertically increasing width portion perpendicular to the air current
is formed in the shape of a laterally extending slit. [17] The fine
particle diffusion device of claim 16, 



wherein the vertical division passages have, on a downstream side of
the vertically increasing width portion, a laterally increasing width
portion that increases a width thereof as the laterally increasing
width portion extends from an upstream side to a downstream side and
that extends an air current in a lateral direction. [18] The fine
particle diffusion device of claim 16,       wherein one of the
vertical division passages having the fine particle generation device
arranged therein is provided with a narrowed portion that narrows a
flow path either at a position where the fine particle generation
device is arranged or  - 49 - on an upstream side thereof. [19] The
fine particle diffusion device of claim 17,       wherein the
laterally increasing width portion has a plurality of thin passages
that laterally divide each of the vertical division passages, and a
lateral width of each of the thin passages is increased as the thin
passage extends from an upstream side to a downstream side. [20] The
fine particle diffusion device of claim 11,       wherein the fine
particles generated by the fine particle generation device include
any one of an ion, an aromatic substance, a deodorant, an insecticide
and a bactericide. 



[21] A fine particle diffusion device comprising:       an ion
generation device including a first ion generation portion that
generates one of a positive ion and a negative ion and a second ion
generation portion that generates the other of the positive ion and
the negative ion; a blower fan; and       an air flow path that
guides, by driving of the blower fan, the ions generated by the ion
generation device to an outlet,       wherein the air flow path
includes a plurality of lateral division passages whose lateral
widths are increased as the lateral division passages extend from an
upstream side to a downstream side and which are divided laterally,
and one of the positive ion and the negative ion flows in each of the
lateral division passages.  - 50 - [22] The fine particle diffusion
device of claim 21,       wherein one of the first and second ion
generation portions is arranged either in each of the lateral
division passages or in a vicinity of an open end of each of the
lateral division passages on an air inflow side. [23] The fine
particle diffusion device of claim 22, 



wherein polarities of the ions generated by the first and second ion
generation portions are switched every predetermined period. [24] The
fine particle diffusion device of claim 22,       wherein the
positive ion flows in one of the lateral division passages adjacent
to each other and the negative ion flows in the other of the adjacent
lateral division passages. [25] The fine particle diffusion device of
claim 21,       wherein the first and second ion generation portions
are arranged either in each of the lateral division passages or in a
vicinity of an open end of each of the lateral division passages on
an air inflow side, and the first and second ion generation portions
are alternately driven. [26] The fine particle diffusion device of
claim 21,       wherein the air flow path is provided with a left
wall having a curved surface portion and a right wall haying a curved
surface portion and extends toward both sides,  - 51 - and open ends
of the lateral division passages on an air inflow side are formed on
an upstream side of a position intersecting a center of the curved
surface portion of the left wall and a center of the curved surface
portion of the right wall. 



[27] The fine particle diffiision device of claim 21, further
comprising: vertical division passages that divide the air flow path
vertically,       wherein the lateral division passages are composed
of thin passages that laterally divide the vertical division passages
on a side of the outlet. [28] The fine particle diffusion device of
claim 27,       wherein the ion generation device is arranged in one
of the vertical division passages at a lower portion, and a speed of
an air current flowing in one of the vertical division passages at an
upper portion is higher than a speed of an air current flowing in the
vertical division passage at the lower portion. 


