
1  DISCHARGE DEVICE AND AIR PURIFICATION DEVICE
TECHNICAL FIELD [0001] The present invention relates
to a discharge device which causes a streamer  5
discharge to be initiated upon application of a
cyclically varying voltage, and to an air
purification device which is equipped with such a
discharge device. TECHNICAL FIELD [0002] Air
purification devices which are equipped with discharge
devices are  10 conventionally utilized as means for
decomposing and removing, by the use of a plasma
generated by electric discharge, odorous components,
harmful components, and other  substances. Among these
various air purification devices, an air purification
device of the  streamer discharge type in which a low
temperature plasma is generated by streamer  discharge
is a preferable technique for decomposing and
deodorizing harmful components 15 because of its high
air purification efficiency with relatively less
electric power  consumption. [0003] The above streamer
discharge type air purification device includes, as a
discharge device, a plurality of discharge electrodes,
a counter electrode facing the  plurality of discharge
electrodes, and an electric power supply means
configured to apply a 20 voltage to both the discharge
and counter electrodes. In this arrangement, upon
application of a voltage to both the electrodes from
the electric power supply means, a  streamer discharge
is produced between both the electrodes, thereby
generating a low  temperature plasma. Harmful
components and odorous components contained in air to
be  treated are brought into aeration contact with
activated species (fast electron, ion, radical, 25
other excited molecule et cetera) produced as a result
of generation of the low temperature  plasma, whereby
these components are decomposed and removed (see
Patent Document I).  [0004] Such a streamer discharge
type discharge device provides high decomposition
efficiency for odorous components and harmful
components, but on the other hand it has 



2  the property that the streamer discharge state
(e.g. the frequency of occurrence of streamer
discharges and the streamer discharge generation
status) is acutely susceptible to being  easily
influenced by various affectors. If, in consequence of
either dimensional or  assembly errors made during
fabrication of discharge electrodes, or dust adhesion
between 5 electrodes, the electrodes vary from each
other in discharge characteristic, this arises a
problem that streamer discharges are not produced
stably. [0005] The above is described with reference
to Figure 10. Figure 10 graphically  represents
discharge characteristics exhibited, respectively, by
a plurality of electrodes (a,  b, c), wherein the
abscissa axis is indicative of the applied voltage (V)
which is impressed 10 to the plurality of electrodes
and the ordinate axis is indicative of the discharge
current (I)  which flows at the time of electric
discharge. And these electrodes (a, b, c) vary from
each other in discharge characteristic because of the
reason described above. If, in such a  condition, a
predetermined applied voltage (for example, V1 of
Figure 10) is fed to each  electrode, this may result
in a state in which some electrode (for example, the
electrode (c) 15 of Figure 10) is not fed a voltage
required for electric discharge, and no streamer
discharge  is produced. If, in this way, no streamer
discharge is produced in a certain electrode, this
reduces the amount of generation of activated species
(fast electron, radical et cetera),  thereby producing
the problem that the air purification device equipped
with a discharge  device of the type described above
is reduced in air purification efficiency. 20 [0006]
As a conventional technique for providing solutions to
the above problem,  there is a discharge device in
which a cyclically varying voltage is applied to both
the  electrodes from an electric power supply means.
As shown in Figure 11, in this discharge  device, an
applied voltage (for example, Vp of Figure 11) is made
to undergo cyclical  variation, thereby allowing the
electrodes to be capable of producing streamer
discharges at 25 their respective predetermined
voltages (for example, V1, V2, V3 of Figure 11),
whereby  the above-mentioned problem (discharge
characteristic variation) is eliminated (see Patent  



Document II). Patent Document I: JP 2002-336689A 3
Patent Document 11: JP 2003-53129A DISCLOSURE OF THE
INVENTION PROBLEMS THAT THE INVENTION INTENDS TO SOLVE
5 [0007] Incidentally, in the discharge devices
disclosed in Patent Documents I and II,  pulsing
streamer discharges are generated. This is described
with reference to Figure 5.  With reference to Figures
5(A)-5(C), the concept of how an electron (51) and a
charged  particle (52) which is a plus ion migrate is
illustrated in stages. [00081 At the time of streamer
discharge, a leader (53) which is a minute arc is  10
generated from a discharge electrode (41) towards a
counter electrode (42). At the tip of  the leader
(53), air is ionized into an electron (51) and a
charged particle (52) by a strong  electric potential
gradient. And when the charged particle (52) reaches
the counter  electrode's (42) side, a single electric
discharge is completed. [0009] In this case, the
electron (51) resulting from ionization moves in the
direction  15 of the discharge electrode (41), while
on the other hand the charged particle (52) moves in
the direction of the counter electrode (42) (Figure
5(A)). Here, the charged particle (52)  as a result of
ionization is relatively large in mass, in comparison
with the electron (51).  Consequently, the charged
particle (52) is slower in movement speed than the
electron (51),  which means that in a singe streamer
discharge the charged particle (52) is temporarily
left 20 behind between both the electrodes (41, 42)
(Figure 5(B)), When this lingering charged  particle
(52) completes a migration to the counter electrode
(42), the electric field becomes  normal again between
the electrodes (41, 42), and another electric
discharge commences  (Figure 5(C)). As described
above, at the time of streamer discharge, a cycle of
(A)-(B)~(C) is repeatedly carried out, and by virtue
of intermittent migration of the  25 charged particle
(52), a streamer discharge is generated in the form of
a pulse. 



[0010] During such a streamer discharge, the discharge
device of Patent Document II,  in which a cyclically
varying voltage is applied, will suffer the following
problems. [0011] Figure 6 is a graph which represents
the temporal variation in occurrence ------------ 4
characteristic of the streamer discharge in a
discharge device in which a cyclically varying
voltage (Vp) is applied. In the graph, the abscissa
axis is indicative of the time (t) and the  ordinate
axis is indicative of the applied voltage (V). In
addition, the discharge electrode  has a
characteristic of causing a streamer discharge to be
initiated upon application of a  5 voltage equal to or
higher than, for example, (Vmin). [00121 In this
condition, when the cyclically varying voltage (Vp)
becomes equal to  or higher than (Vmin) at, for
example, time t1, a first streamer discharge is
initiated. At  -the time of this streamer discharge,
it takes time for the charged particle (52) to reach
the  counter electrode (42) because of the charged
particle (52) left behind between the 10 electrodes.
This necessitates a predetermined discharge cycle (Ts)
during the time from  initiation of a streamer
discharge until initiation of the next streamer
discharge. Here, in  the case where a cyclically
varying voltage is applied to both the electrodes (41,
42), the  voltage (Vp) may not exceed (Vmin) after an
elapse of the discharge cycle (Ts) (for  example, at
time Q of Figure 6). In this case, the next streamer
discharge is not provided 15 at time t2, but at time
t3 at which the voltage (Vp) reaches above (Vmin) for
the first time  after an elapse of the discharge cycle
(Ts). To sum up, the time from Q until t3 (a period
of time indicated by dashed arrow of Figure 6) becomes
a discharge delay time, thereby  causing discharge
losses in the electrodes (41, 42). In order to stably
provide a streamer  discharge to thereby exert its
high air purification efficiency, it is highly
desirable that the 20 discharge losses due to the
aforesaid discharge delay time are made to be
suppressed as  low as possible. [00131 With a view to
providing solutions to the above-described problems,
the  



present invention was devised. Accordingly, an object
of the present invention is to  provide an improved
discharge device in which a cyclically varying voltage
is applied. 25 More specifically, the present
invention intends to accomplish a reduction in
discharge loss  between both the electrodes, thereby
making it possible to stably produce streamer
discharges. 5  MEANS FOR SOLVING THE PROBLEMS [0014]
In the present invention, by the speeding up of the
frequency of a voltage that  is applied to both a
discharge electrode and a counter electrode, it
becomes possible to  reduce the discharge losses of a
discharge device. 5 [0015] More specifically, a first
invention provides a discharge device, which
comprises a plurality of discharge electrodes and a
counter electrode facing the plurality of  discharge
electrodes, for causing a streamer discharge to be
initiated between both the  electrodes by applying a
cyclically varying voltage to both the electrodes from
an electric  power supply means. And the discharge
device of the first invention is characterized in  10
that the following relational expression is satisfied:
fV > fs where (fv) is the frequency of the voltage
which is applied to both the electrodes and (fs) is
the frequency of the streamer discharge which is
generated, in the form of a pulse, between  both the
electrodes. Here, what is meant by "streamer discharge
frequency (fs)" is the 15 frequency of a streamer
discharge that is generated in the form of a pulse by
the lingering  charged particle (52) (see Figure 6),
in other words the streamer discharge frequency ffs)
means the reciprocal of the foregoing discharge cycle
(Ts). [00161 In the first invention, the cyclically
varying voltage frequency (fv) becomes  equal to or
higher than the streamer discharge frequency (fs) and
is then applied from the  20 electric power supply
means (45) to both the electrodes (41, 42). In other
words, as shown in Figure 7, the cycle of the
cyclically varying voltage (the voltage cycle (Tv))  



becomes equal to or lower than the discharge cycle
(Ts). If, in such a condition, a  streamer discharge
is produced, this makes it possible to farther reduce
the discharge delay  time at the time of streamer
discharge (period indicated by dashed arrow in Figure
7), as 25 compared to the case where the voltage cycle
(Tv) is in excess of the discharge cycle (Ts).  [00171
A second invention provides a discharge device
according to the first  invention, the second
invention being characterized in that if k 40[mm/kHz]
the  following relational expression is satisfied: 6
fv > k/G where (fv)[kHzl is the frequency of the
voltage which is applied to both the electrodes and
(G)[mm] is the distance between both the electrodes.
[0018] In the second invention, the voltage frequency
(fv) which becomes equal to or  5 higher than the
discharge frequency (S) is determined based on the
distance (G) (gap  length) between both the
electrodes, and a voltage having this voltage
frequency (fv) is  applied by the electric power
supply means (45) to both the electrodes (41, 42).
[00191 The above is described with reference to Figure
5. A streamer discharge is  generated in the form of a
pulse due to the lingering charged particle (52).
Consequently,  10 the lingering time of the charged
particle (52) decreases with decreasing the distance
for the charged particle (52) to reach the counter
electrode (42), i.e. the gap length (G), and the
discharge frequency (fs) increases. On the other hand,
the lingering time of the charged  particle (52)
increases with increasing the gap length (G), and the
discharge frequency (fs)  decreases. In this way, the
streamer discharge frequency ffs) is strongly governed
by the 15 gap length (G), and the discharge frequency
(S) can be roughly estimated from the gap  length (G).
[0020] In the present invention, the discharge
frequency (fs) at the time of streamer  discharge is
estimated from the gap length (G) (from the
experimentally found relational  expression: fs = k/G
(k = 40[mm/kHz])), and the voltage frequency (fv) is
determined 



20 based on the estimated discharge frequency (fs).
This ensures without failing that the  voltage
frequency (fv) is made equal to or higher than the
discharge frequency (S), thereby  making it possible
to positively reduce the discharge delay time at the
time of streamer  discharge. [00211 A third invention
provides a discharge device according to the first or
second  25 invention, the third invention being
characterized in that the following relational
expression is satisfied: fv > 20[kHz] where (fv) [kHz]
is the frequency of the voltage which is applied to
both the electrodes. 7  [0022] In the third invention,
a voltage is applied from the electric power supply
means (45) to both the electrodes (41, 42) at the
voltage frequency (fv) not less than the  discharge
frequency (fs) and not less than 20[kHz]. Generally,
the streamer discharge 5 frequency (fs) is less than
20 [kHz], so that if the voltage frequency (fv) is
made equal to or  higher than 20[kHz], this ensures
that the voltage frequency (fv) is not less than the
discharge frequency (S) without failing. Accordingly,
the discharge delay time (period  indicated by dashed
arrow in Figure 6) at the time of streamer discharge
can be reduced.  [00231 A fourth invention provides a
discharge device according to one of the first to 10
third inventions, the fourth invention being
characterized in that the following relational
expression is satisfied: Vp-p!~ 0. 1 x Va where (Va)
and (Vp-p) are, respectively, the average voltage and
the amplitude for the  voltage which is applied to
both the electrodes. 15 [0024] In the fourth
invention, a voltage that cyclically varies at the
amplitude (Vp-p)  equal to or lower than 10% of the
average voltage (Va) is applied by the electric power
supply means (45) to both the voltages (41, 42).
Consequently, the range of variation of  the voltage
that is applied to both the electrodes (41, 42) is
made equal to or lower than  



10% of the average voltage (Va). Here, the streamer
discharge has such a characteristic 20 that sparks are
produced more easily when compared to the electric
discharge such as  electric precipitation. For this
reason, in the case where the amplitude (Vp-p) is
great  relative to the average voltage (Va) of the
voltage that is applied, if the voltage that is
applied to both the electrodes (41, 42) increases to
reach a spark region, this may result in  generating a
spark between both the electrodes (41, 42). 25 [0025]
On the other hand, in the present invention, the range
of variation of the  voltage that is applied to both
the electrodes (41, 42) is narrowed so as to fall
below 10%  of the average voltage (Va), thereby
keeping the voltage that is applied to both the
electrodes (41, 42) from increasing and reaching a
spark region, whereby the generation of 8  a spark is
inhibited. [0026] A fifth invention provides an air
purification device, which comprises a  discharge
device for causing a streamer discharged to be
initiated between a discharge  electrode and a counter
electrode, for purifying air to be treated by
distributing the air to be 5 treated between both the
electrodes. And the fifth invention is characterized
in that the  aforesaid discharge device is any one of
the discharge devices according to the first to
fourth inventions. [00271 The fifth invention provides
an air purifying device to which the discharge  device
according to any one of the first to fourth inventions
is applied. Therefore, the  10 discharge delay time at
the time of streamer discharge in the air purification
device can be  reduced. EFFECTS OF THE INVENTION
(0028] In accordance with the first invention, it is
arranged such that a voltage whose  15 voltage
frequency (fv) is equal to or higher than the
discharge frequency (fs) is applied to  both the
electrodes (41, 42). In addition, in each of the
electrodes (41, 42), the discharge  delay time caused
at the time of streamer discharge is reduced.
Consequently, the  



discharge loss is suppressed in both the electrodes
(41, 42), thereby making it possible to  stably
generate streamer discharges. 20 [0029] In accordance
with the second invention, it is arranged such that
the voltage  frequency (fv) is determined based on the
discharge frequency (fs) estimated from the gap
length (G). This arrangement ensures that the voltage
frequency (fv) is made equal to or  higher than the
discharge frequency (fs), thereby making it possible
to reduce the discharge  delay time at the time of
streamer discharge. This therefore ensures that the
discharge  25 losses of the discharge device are
suppressed without failing. [0030] In accordance with
the third invention, it is arranged such that a
voltage,  whose voltage frequency (fv) is not less
than the discharge frequency (fs) and not less than
20[kHz], is applied. Consequently, the voltage
frequency (fv) is made equal to or higher 9  than the
discharge frequency of a general streamer discharge
(less than about 20 [kHz]),  thereby making it
possible to reduce the discharge delay time at the
time of streamer  discharge. [00311 In addition, if
the frequency of a voltage, (fv), is made equal to or
higher than  5 20 [kHz], this allows the frequency of
sound associated with the outputting of the voltage to
become higher than the range of human hearing, thereby
making it possible to suppress  noises generated in
the vicinity of the electric power supply means (45).
[0032] In accordance with the fourth invention, it is
arranged such that the amplitude  (Vp-p) of the
cyclically varying voltage is made equal to or lower
than 10% of the average  10 voltage (Va). This
arrangement narrows the range of variation of the
voltage that is applied to both the electrodes (41,
42), thereby making it possible to prevent the voltage
that is applied to both the electrodes (41, 42) from
reaching a spark region. As a result,  the generation
of a spark is inhibited and the streamer discharge
stability of the discharge  device is improved. 15
[00331 In accordance with the fifth invention, by
incorporating a discharge device  



according to any one of the first to fourth inventions
into an air purification device, it  becomes possible
to reduce the discharge delay time at the time of
streamer discharge in  the air purification device.
This reduces the discharge losses of the air
purification device,  thereby making it possible to
stably generate streamer discharges. Accordingly, the
air  20 purification efficiency of the air
purification device can be improved. BRIEF DESCRIPTION
OF THE DRAWINGS  [00341 Figure I is a schematic
perspective view which illustrates the overall
construction  25 of an air purification device
according to an embodiment of the present invention;
Figure 2 is a constructional diagram which illustrates
the inside of a discharge  device according to the
embodiment when viewed from above; Figure 3 is a
perspective view which illustrates in enlarged manner
a main section 10  of the discharge device of the
embodiment; Figure 4 is a circuit diagram for an
electric power supply means of the  embodiment; Figure
5 is a diagram which provides a description of the
principle of streamer  5 discharge; Figure 6 is a
graph example which represents a discharge frequency
versus  voltage frequency relationship; Figure 7 is a
graph example which represents a discharge frequency
versus  voltage frequency relationship; 10 Figure 8
shows a simulation result derived by examining how the
relationship  between discharge frequency and voltage
frequency affects the discharge delay time;  Figure 9
is a graph which represents a gap leng-th versus
discharge frequency  relationship; Figure 10 is a
diagram which provides a description of the discharge
characteristic  



15 of a conventional discharge device; and Figure 11
is a diagram which provides a description of the
discharge characteristic  when a cyclically varying
voltage is applied. REFERENCE NUMERALS/SIGNS IN
DRAWINGS  20 [0035] (10) air purification device  (40)
discharge device (41) discharge electrode  (42)
counter electrode 25 (45) electric power supply means
(fv) voltage frequency (fs) discharge frequency  (Tv)
voltage cycle (Ts) discharge cycle BEST MODE FOR
CARRYING OUT THE INVENTION [0036] An embodiment of the
present invention is described with reference to  5
Figures 1-4. [0037] Figure I is a perspective view
which illustrates in exploded manner an air
purification device (10) according to the present
embodiment and Figure 2 is a diagram  which shows the
inside of the air purification device (10) when viewed
from above. This  air purification device (10) is a
consumer air purification device intended for use in
general 10 household and small stores. In addition,
the air purification device (10) is an air
purification device of the so-called streamer
discharge type adapted to generate a low  temperature
plasma by streamer discharge and purify air to be
treated with the aid of the  low temperature plasma.
[0038] The air purification device (10) includes a
casing (20). The casing (20) is  15 made up of a
box-like casing main body (21) with an open end
surface and a front plate  



(22) which is placed on the open end surface. An air
suction opening (23) is formed in  each side surface
of the casing (20) on the side of the front plate
(22). In addition, an air  blowout opening (24) is
formed in the top plate of the casing main body (21).
More  specifically, the air blowout opening (24) is
located adjacent to the rear plate of the casing  20
main body (21). [0039] An air passageway (25) is
formed within the casing (20). The air  passageway
(25) extends from the air suction opening (23) to the
air blowout opening (24).  A stream of room air which
is the air to be treated is made to flow through the
air  passageway (25). A functional section (30)
including various air purification components, 25 and
a centrifugal air blower (26) configured to cause room
air to be distributed through the  air passageway (25)
are disposed in the air passageway (25) in that order
in the direction  from the upstream side (the
bottomside in Figure 2) to the downstream side of the
flow of  the room air. [00401 Disposed, in sequence
from the side of the front plate (22), in the
functional 12  section (30) are a pre-filter (31), an
ionization part (32), an electrostatic filter (33),
and a  catalytic filter (34). A discharge device (40)
configured to cause a low temperature  plasma to be
generated is integrally incorporated into the
ionization part (32). In addition,  an electric power
supply means (45) for the discharge device (40) is
provided in the casing 5 main body (21) of the air
purification device (10). More specifically, the
electric power  supply means (45) is located adjacent
to the rear bottomside of the casing main body (21).
[0041] The pre-filter (31) is formed by a filter
adapted to entrap and collect dust of  relatively
large size contained in the air. The ionization part
(32) causes dust of relatively  small size passing
through the pre-filter (31) to be charged
electrically. The electrically 10 charged dust is
entrapped and collected by the electrostatic filter
(33) disposed downstream  of the ionization part (32).
The ionization part (32) is made up of a plurality of
ionization  lines (35) and a plurality of counter
electrodes (42). The plurality of ionization lines
(35)  



extend between the top end and the bottom end of the
ionization part (32) at even intervals.  Each
ionization line (35) lies on a single virtual surface
in parallel. with the electrostatic 15 filter (33).
The counter electrode (42) is formed by an elongated
member having a cross  section in the shape of a
Japanese katakana character "D (ko)" (like a
rectangular shape  with one side missing or open), and
its open part is located on the rear side. Each
counter  electrode (42) is arranged between ionization
lines (35), such that it is positioned parallel  to
the ionization lines (35). And, each counter electrode
(42) is joined, at its open part, to  20 a single mesh
plate (37). [0042] The discharge device (40) is
equipped with a plurality of discharge electrodes
(41) and a counter electrode (42) facing the discharge
electrodes (41). This counter  electrode (42) is
shared as the counter electrode (42) of the ionization
part (32), and the  discharge electrodes (41) are
positioned in the inside of the associated counter
electrode  25 (42) facing the discharge electrodes
(41). [0043] More specifically, with reference to
Figure 3 which is an enlarged perspective  view of the
discharge device (40), an electrode holding member
(43) extending vertically is  provided in the inside
of the counter electrode (42). The discharge electrode
(41) is held  by a fixing member (44) to the electrode
holding member (43). The discharge electrode 30 (41)
is a linear or rod-like electrode. The discharge
electrode (41) projecting outwardly 13  from the
fixing member (44) is arranged, such that it runs
substantially parallel with a first  surface (42a) of
the counter electrode (42). In addition, the distance
between the tip of  the discharge electrode (41) and
the first surface (42a) of the counter electrode (42),
i.e. the  gap length (G), is 4.8 [mm] in the present
embodiment. 5 [0044] The catalytic filter (34) is
disposed downstream of the electrostatic filter (33).
The catalytic filter (34) is formed, for example, by a
honeycomb structure substrate which  supports on its
surface a catalyst. As the catalyst, catalysts (such
as catalysts of the  manganese family and catalysts of
the precious metal family) may be used. These  



catalysts are capable of further activating
high-reactivity substances present in a low 10
temperature plasma generated by electric discharge and
capable of promoting the  decomposition of harmful
substances and odorous substances in the air. [00451
In the following, with reference to Figure 4, a
circuitry example of the electric  power supply means
(45) as a feature of the present invention is
described. The electric  power supply means (45) is
made up of a high voltage power supply control par t
(61) and a 15 high voltage power supply circuit part
(62). The high voltage power supply control part  (61)
and the high voltage power supply circuit part (62)
are connected together. In  addition, the high voltage
power supply circuit part (62) is connected to the
discharge  electrode (41) and to the counter electrode
(42). [00461 The high voltage power supply control
part (61) includes a high voltage  20 power supply
(63) which is a primary side power supply, and a
controller (64) for  controlling the high voltage
power supply circuit part (62). [00471 The high
voltage power supply circuit part (62) includes an
oscillating circuit  (65), a transistor (66), a
transformer part (67), and a smoothing circuit (68).
[0048] The oscillating circuit (65) applies a voltage
(oscillating signal) to the  25 transistor (66)
whereby the transistor (66) is turned on or off. In
addition, in response to  the on/off of the transistor
(66), the transformer part (67) applies a cyclically
varying  voltage to the smoothing circuit (68). The
transformer part (67) has, on the primary side
(oscillating circuit side), a primary side first coil
(S11) and a primary side second coil  (S12). In
addition, the transformer part (67) has, on the
secondary side (smoothing circuit 30 side), a
secondary side first coil (S21). The primary side
first coil (S11) is repeatedly 14  made
conductive/non-conductive by the on/off of the
transistor (66), whereby a boosted,
amplitude-increased voltage is generated in the
secondary side first coil (S21). On the  other hand,
in the primary side second coil (S12), an induced
voltage depending on the  secondary side voltage is
generated, and the induced voltage is detected by an
output 



5 voltage detecting part (69). The output voltage
detecting part (69) is configured, such that  it sends
out an abnormal signal to the controller (64), for
example, when the secondary side  output voltage is
abnormal. [0049] The smoothing circuit (68) is formed
by, for example, a Cockcroft circuit  which is a
capacitor/diode combination. The smoothing circuit
(68) is configured, such  10 that it smoothens a
voltage boosted and amplified in the secondary side
first coil (S21) of the transfer part (67) and applies
a cyclically varying voltage to both the electrodes
(41, 42)  of the discharge device (40). [0050] In the
present embodiment, the output waveform of a voltage
which is applied  to both the electrodes (41, 42) is
in the form of a sinusoidal wave, as shown in Figure
7.  15 The cycle of this voltage (the voltage cycle
(Tv)) is equal to or lower than the cycle of a pulsing
streamer discharge (the discharge cycle (Ts)). That
is, the frequency of a voltage  which is applied to
both electrodes (41, 42) (the voltage frequency (fv))
is equal to or  higher than the frequency of a pulsing
streamer discharge (the discharge frequency (fs)).
[00511 In addition, the relationship of the voltage
frequency (fv)[kHz] with the gap 20 length (G)[mm] is:
(fv)[kHz] > k /(G)[mm], where k is the experimentally
found  coefficient and k = 40[mm/kHz]. In the present
embodiment, the voltage frequency (fv)  is equal to or
higher than 8.4[kHz]. Furthermore, the amplitude of
the voltage (Vp-p) is  equal to or lower than 10% of
the average voltage (Va) which is outputted from the
electric  power supply means (45). In the present
embodiment, the average voltage (Va) is  25 4.0[kV]
and the voltage amplitude (Vp-p) is equal to or lower
than 0.4[kV]. RUNNING OPERATION [00521 In the
following, the running operation of the air
purification device (10) is  described. 30 [00531 As
shown in Figure I and Figure 2, when the air
purification device (10) is in 15  operation, the
centrifugal air blower (26) is activated whereby room
air flows through the  



air passageway (25) in the casing (20). In addition,
in this state, the electric power supply  means (45)
(Figure 4) applies a voltage to the ionization part
(32) and to the discharge  device (40). At this time,
a voltage in the form of a sinusoidal wave (Figure 7)
is applied  5 to the discharge device (40). [00541
When a stream of room air is introduced into the
casing (20), dust of  relatively large size is first
removed by the pre-filter (31). The room air passes
through  the ionization part (32), during which dust
of relatively small size in the room air is
electrically charged, and flows downstream, and the
dust thus electrically charged is 10 entrapped and
collected by the electrostatic filter (33). As
described above, airborne dust  particles of large
size and small size are almost removed by the
pre-filter (31) and by the  electrostatic filter (33).
[00551 In the discharge device (40) integrally
incorporated into the ionization part  (32), a low
temperature plasma is generated from the tip of the
discharge electrode (41)  15 towards the counter
electrode (42) (Figure 3) and, as a result, activated
species of high reactivity such as electron, ion,
ozone, and radical et cetera are produced. When these
activated species arrive at the catalytic filter (34),
they become further activated, thereby  decomposing
and removing harmful components and odorous components
in the air. And,  clean room air, free from dust as
well as from harmful and odorous substances, is blown
20 out into the room through the air blowout opening
(24). EFFECTS OF THE EMBODIMENT [0056] The air
purification device (10) of the present embodiment
provides the  following advantageous effects. 25
[0057] In the present embodiment, the voltage
frequency (fv) is made equal to or  higher than the
discharge frequency (fs). Consequently, in comparison
with, for example,  the case where the voltage
frequency (fv) falls below the discharge frequency
(fs) (Figure  6), the discharge delay time (period
indicated by dashed arrow in Figure 7) at the time of
streamer discharge can be made shorter. 



30 [0058] This is explained with reference to a graph
shown in Figure 8. Figure 8 16  shows a simulation
result derived by examining how the discharge delay
time at the time of  streamer discharge varies
depending on the relationship between the voltage
cycle (Tv) and  the discharge cycle (Ts). In Figure 8,
the abscissa axis is indicative of values obtained by
dividing the discharge cycle (Ts) by the voltage cycle
(Tv), while on the other hand the 5 ordinate axis is
indicative of values obtained by dividing the
discharge cycle (Ts) by the  real discharge cycle
(Ts'). Here, the discharge cycle (Ts) is the minimum
required cycle at  the time of streamer discharge and
the real discharge cycle (Ts') is the cycle which is
required at the time of actual streamer discharge and
is obtained by simulation.  Accordingly, Figure 8
shows that as (Ts/Ts') on the ordinate axis approaches
a value of 1.0, 10 the discharge delay time decreases.
Conversely, as (Ts/Ts') on the ordinate axis
approaches a value of 0, the discharge delay time
increases. [0059] In the simulation result, as shown
in a shaded range of Figure 8, (Ts/Tv) < 1,  in other
words, it turns out that if the voltage cycle (Tv)
becomes greater than the discharge  cycle (Ts) the
discharge delay time tends to significantly increase.
Consequently, the .15 discharge losses of the
discharge device (40) increase. On the other hand, if
(Ts/Tv) ~j in  Figure 8, i.e. if the voltage cycle
(Tv) becomes equal to or less than the discharge cycle
(Ts), the discharge delay time becomes relatively
short. In other words, if the voltage  frequency (fv)
is made equal to or higher than the discharge
frequency (fs), this reduces the  discharge delay
time, thereby making it possible to effectively reduce
the discharge losses  20 of the discharge device (40).
[0060] In addition, in the present embodiment, the
electric power supply means (45)  is configured so as
to be capable of application of a voltage which
satisfies the relational  expression: (fv) > 40/(G).
Here, this relational expression is described with
reference to a  graph of Figure 9. 25 [0061] As
described above, a pulsing streamer discharge is
generated due to the  



lingering charged particle (52). Therefore, the
streamer discharge frequency (fs) is  roughly governed
by the time for which the charged particle (52)
lingers. Figure 9 shows  a graph which represents an
experimentally found relationship between the gap
length (G)  and the discharge frequency (fs). The
graph shows that, within the range where the 30
streamer discharge is produced, the discharge
frequency (fs) is roughly a linear function of 17  the
gap length (G), and the relationship is: fs 40/G.
[0062] In the present embodiment, the discharge
frequency ffs) is estimated from the  above relational
expression and the voltage frequency (fv) is
determined based on the  estimated discharge frequency
(fs), thereby ensuring that the voltage frequency (fV)
is 5 made equal to or higher than the discharge
frequency (fs). As a result, the discharge  losses of
the discharge device (40) can be reduced without
failing. [00631 Furthermore, in the present
embodiment, the electric power supply means (45)
applies to both the electrodes (41, 42) a voltage
having an amplitude of (Vp-p) equal to or  less than
10% of the average voltage (Va). This narrows the
range of variation of the 10 voltage which is applied
to the both the electrodes (41, 42), thereby making it
possible to  inhibit the voltage which is applied to
both the electrodes (41, 42) from reaching a spark
region. Accordingly, the generation of a spark is
inhibited and it becomes possible to  improve the
stability of producing streamer discharges in the
discharge device. 15 OTHER EMBODIMENTS [0064] With
respect to the aforesaid embodiment, the present
invention may be  configured as follows. [0065] In the
discharge device (40) of the present embodiment, the
electric power  supply means (45) is configured, such
that it outputs a voltage whose voltage frequency  20
(fv) is equal to or higher than 8.4[kHz]. However, the
voltage frequency (fV) is preferably equal to or
higher than 20[kHz]. In this case, the discharge delay
time is  reduced, thereby making it possible to reduce
the discharge losses of the discharge device  



and, in addition, the frequency of sound associated
with a voltage (amplitude signal)  outputted from the
electric power supply means (45) is made higher than
the range of 25 human hearing, thereby suppressing
noises in the vicinity of the electric power supply
means (45). [00661 In addition, in the aforesaid
embodiment, it is arranged such that the electric
power supply means (45) outputs a voltage whose output
waveform is a sinusoidal  waveform. However, the
output waveform of the electric power supply means
(45) may 30 be in any waveform such as rectangular
waveform, saw-tooth waveform, pulse-like 18  waveform
et cetera as long as it varies cyclically.  INDUSTRIAL
APPLICABILITY [00671 As has been described above, the
present invention finds application in a  5 discharge
device adapted to cause a streamer discharge to be
initiated by application of a  cyclically varying
voltage, and further finds application in an air
purification device  equipped with such a discharge
device. 19  CLAIMS: WHAT IS CLAIMED IS: 1. A discharge
device, which comprises a plurality of discharge
electrodes and a  5 counter electrode facing the
plurality of discharge electrodes, for causing a
streamer  discharge to be initiated between both the
electrodes by applying a cyclically varying  voltage
to both the electrodes from electric power supply
means, wherein: the following  relational expression
is satisfied: fV > fs 10 where (fv) is the frequency
of the voltage which is applied to both the electrodes
and (fs) is  the frequency of the streamer discharge
which is generated, in the form of a pulse, between
both the electrodes. 



2. The discharge device of claim 1, wherein: 15 if k =
40[mm/kHz], the following relational expression is
satisfied:  fv > k/G where (fv)[kHz] is the frequency
of the voltage which is applied to both the electrodes
and  (G)[mm] is the distance between both the
electrodes. 20 3. The discharge device of claim I or
claim 2, wherein:  the following relational expression
is satisfied: fv > 20 [kHz] where (fv) [kHz] is the
frequency of the voltage which is applied to both the
electrodes.  25 4. The discharge device of one of
claims 1-3, wherein: the following relational
expression is satisfied:  Vp-p:~ 0. 1 x Va where (Va)
and (Vp-p) are, respectively, the average voltage and
the amplitude for the 20  voltage which is applied to
both the electrodes. 5. An air purification device,
which comprises a discharge device for causing a
streamer discharged to be initiated between a
discharge electrode and a counter electrode,  5 for
purifying air to be treated by distributing the air to
be treated between both the  electrodes, wherein: the
aforesaid discharge device is any one of the discharge
devices as set forth in  claims 1-4. 


