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TECHNI CAL FI ELD [ 0001] The présent i nvention rel ates
to a discharge device which causes a streaner

di scharge to be initiated upon application of a
cyclically varying voltage, and to an air
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various air purification devices, an air purification
digeharesetaobe inidated upen meplicition vdregeycligally varyidg viitage) ad to an air
tegperature plasma is generated by streanmer discharge
Pydiicatign deigehishgeeqmpredevithoruch e dowpues dgviend

deodori zi ng harnful conponents because of its high

air purification efficiency with relatively |ess
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st@amer Alschgod tﬂé&\’\’in LR bW f’en’ﬁkﬁdﬁ[f@- 1538 loenerated by streamer
conponent s and odorous conponents coﬁ%alne Pnoair to
dibehargerieatpedeable tbsligiRifol BE@nARERE AN dEOIUrBSle Mrkdful components
activated species (fast electron, "ion, radical, other
beexcsict efl ityo héghu lagr Qﬁlriﬁeitﬁfna_)effﬂﬁ@ﬂycﬁﬁthaﬁelétﬁﬁ Uleks Qfiectric power
generation of the | ow tenperature plasna, er eby
conhiespiioponponent s are deconposed and renoved (see
Pat ent Docunent |). [0004] Such a streaner discharge
[0P93e di dbhabgue dtnehmer Pisohargedypu gin mleifoatiosidevize includes, as a
.efficiency for odorous conponents and har nf ul
dischaige ridavics; apphurdityt ofe dischrsge Ietasttodds, asounter electrode facing the

plurality of discharge electrodes, and an electric power supply means configured to apply a
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,
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 streanmer discharge state

(e.g. the frequency of occurrénce of streaner

di scharges and the streamer discharge generation

status) is acutely susceptible to being easily

i nfluenced by various affectors. If, in consequence of
ei t her dj mensional or . assenbly errors made duri ng
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Figure 10) is fed to each electro this may result
toithe plusdlia ef elactvdiies hnd dreordingetaxtde itdiostiverdd disclaige current (1)
el ectrode (c) of Figure 10) is not fed a voltage
- whiely fliome it fllor timkexfteléatricdsclivagge, Amh theso ctiradI®a, b, ¢) vary from
di scharge is produced. If, in this way, no streaner
cagh edrpinglisdherag (chatacted sticbegauserdf aheweab@rdasadlizd dboive I, in such a
reduces the anpunt of generation of activated species
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above-nmenti oned probl I scharge c aracteristic
- theY@ld @tdls!éﬁﬁrngieeicbth\ﬁﬁﬁﬁj a( §RBcATRL 88Ying 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
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




Docunent [1). Patent Docunent |: JP 2002- 336689A 3
Patent Docunent |1: JP 2003-53129A DI SCLOSURE OF THE

| NVENTI ON PROBLEMS THAT THE | NVENTI ON | NTENDS TO SOLVE
[0007] Incidentally, in the discharge devices

di scl osed in Patent Docunents | and I, pulsing
streaner discharges _are generated. This is described
Pﬁepﬁﬁpmﬂégﬁgﬁt%pﬁ@g% 5. Wth reference to Figures
5(A)-5(C), the concept of how an electron (51) and a
charged particle (52) which is a plus ion mgrate is
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el ectron (51) resulting'fromionization noves
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t he other hand the charged particle (52) noves in the
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Here, the charged particle (52§ as a result of
gémpritabirpmm dischiaggeadieorelly (4 Drigwaid3 a@ssater eRcBaIELR).S oAt the tip of
with the electron (51). Consequently, the charged
thedeader () 82 )s iosized ovie en ieleciron €§Brand spetacketl partidid €52) by a strong
el ectron (51), which nmeans that in a singe streaner
clagvtse otepdial Imadienir gdadpathen ¢he cha@pd i mrticknid2)ardaches the counter
|l eft behind between both the el ectrodes (41, 42)
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a conpl etes a rriegr ation to the counter el ectrode o
(043 | B this sase the slscirn (BBasHEENg Forvignizaten MoBes idhe direction

0 g gﬁlgﬁa%tgé g@ﬁﬁ%%éé;),%f -’eéﬁ& eg o;_ I}?xgl{ legc értg%:c% pagcle (52) moves in

o e 06 ol e Wi SEABuL Hettndelghagaet pile (52
' i t. t .7 t f.th h d. ti.cl

oL A SF TR, TRhANeS! if B SLEASRRRAT b om0

C&lsgcﬁﬁeiﬁy, 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
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 comrﬁences
(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
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 I,
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




[0010] During such a streamer gischarge, t he di scharge
devi ce of Patent Docunent |1, 7in which a cyclically

varying voltage is applied, will suffer the foll ow ng
probl enms. [0011] Figure 6 is a graph which represents
the tenporal variation in occurrence 4 characteristic
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[0013] With a view to providing solutions to the above-described problems,
example embodiments of the present invention were devised. Accordingly, the
example embodiments seek to provide an improved discharge -device in which a

cyclically varying voltage is applied. More specifically, the example embodiments

- seek to accomplish a reduction in discharge loss between both the electrodes, thereby

making it possible to stably produce streamer discharges.




exanpl e enbodi nents seek to provide an inproved

di scharge device in which a cyclically varying

voltage is applied. Mre specifically, the exanple

enmbodi nents seek to acconplisgh a reduction in

di scharge | oss between both the el ectrodes, thereby

meking it possible to stably produce streaner

di scharges. 4a |In accordance with a first aspect of

the pr ' - re, i rovi ded a di scharge
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bethshe élbsitddeg the air to be treated between both the

el ectrodes, wherein: the aforesaid discharge device is

any one of the discharge devices of the above. 5
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and a counter electrode, it becones pOSS|BIe to

reduce.t he discharge | osses of I scharge devi ce.
streamer disc argec!l ?o Qe 1rgt1ateg '?Jetween a ﬁscqlarge e?ec tode and a counter electrode,
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 of the

above.




[0015] More specifically, a first invention provides a
di scharge device, which conpfises a plurality of

di scharge el ectrodes and a counter el ectrode facing
the plurality of discharge electrodes, for causing a
streamer discharge to be initiated between both the
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frequency (fs nmeans the reciproca or egol ng

eﬁbﬁ@d&@c’b?%pﬁ}yj@ﬂ§a c¥&icall}y Qerjyﬁlg Vohabb & bbihsthe ER¥EHIdsFbm an electric

the cyclically varying voltage frequency (fv) becones

pegerdupply @earl 9er thbdchdige GtvieAEheHiSCRFERRIN is characterized in
frequency (fs) and is then applied fromthe electric

thaothefolsapipf yelavaas eXptbysidnds baisfied:he el ectrodes (41,
42). In other words, as shown in Figure 7, the cycle
of th& xfsclically varying voltage (the voltage cycle
“éTv)) _becones equal to or |lower than the discharge
orel (&) (isTeie fraghiendyrpfshe voltege wvhiiht is epplied todbottethretectrodes and (fs) is
di scharge is produced, this nakes it possible to
the fraqnency of dhacgraamer disslsigs whichiés generatedyen tie fotm of apeise, between
&Ltgtreaner di scharge (period indicated by dashed o
bofp tBgvelertresiagur dlers, Whak is msaplabie dstiesmen dissharge Virranencyns)" is the
vol tage.cycle (Ty).is in excess of the discharge cycle . .
frgquency of %é‘f‘?ﬁmé fgé%laﬁ%e tﬂ%%ﬁ%r}emﬁ%%w dean gf ajpulsgdiyghe lingering
devi.ce acc [ 0 the first inveption, th econ
dfaﬁﬁfélrﬁaiﬂb‘iie E%ﬁrégf‘cﬁmec et 2B Wﬁquﬁg S?Pm%efzgﬁsc arge fgequency (£s)
t fallow ng.rel ational..expression is
mgzgr{s:‘ﬂs?% %%E%Jr chatp nggﬁjp@g%g%gcﬁ?g? PYALE kTS'S-s the frequency
[Oggg]t he \fﬂltltleaﬁ?st \’}me%l?ioh,sthg %?'Lllic%ﬂy tv%rﬁr?é t\]foftgg% Ierlec?ucetnEj? ?1%% becomes
equal to or higher than the streamer discharge frequency (fs) and is then applied from the
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 further reduce the discharge delay
time at the time of streamer discharge (period indicated by dashed arrow in Figure 7), as
* compared to the case where the voltage cycle (Tv) is in excess of the discharge cycle (Ts).
[0017] 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:




(GQ[m is the distance between both the el ectrodes.
[0018] In the second inventio® the voltage frequency
(fv) which beconmes equal to or higher than the

di scharge frequency (fs) is determ ned based on the
di stance (G (gap |ength) between both the

el ectrodes, and a voltage having this voltage
frequ&ﬁ%}”%fv) is applied by the electric power
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scharge freqguency creases. [n this way,

[S019panmer TEH s6varigdedcHiBe @G refdhdloe 1t6 FohrOBY! W QRURIP8Rcharge is
by the gap length (G, and the discharge frequency

gdcsdted BNLD EormOUDM bills€ Ghid fBthe tnbdrip At e8P JIEMY.N Consequently,
(G. [0020] In thg present i nvgnr?{i@on!a%t hgﬁd} sc?{!;? ge neeAtenty

tHer lerpeeing yin{d of) thatchbiped tpaftR1e0{523 e@anRs with saharg the distance for
estimated fromthe gap length (G (fromthe

thexchergedpartiald (52f ourdthribe adumeradectredp (429 siothe &9 length G5), and the
(k = 40[ nm kHz])), and the voltage frequency (fv) is

dgehasganfraquench fisk thcovasesh e Qesthie mghier hadd,sbb dingeridg eneefche charged
(fs). This ensures without failing that the voltage

p@l?léédémyczeﬁw)s Wit ingreesiog thel gapdength Ky od thadischargs frequency (fs)
di scharge frequency (fs), thereb maki nfg it possible

decseasesi ¢ ity 81y B dhe streamer dissharae é@q@@pfa{( 5) isrronglygemerned by the

ti f stre r .. discharge. [0021] A third inventian
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lsetglctgg invention, the third invention being

ChArdet eri zed in that the follow ng rel ati onal

BB R R PSS B of s
dB0kald A% EInGRE"PSE She fap length (G) (from the experimentally found relational
expression: {5 = k/G (k = 40{mm/kHz])), and the voltage frequency (fv) is determined
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 (fs), thereby -
making it possible to positively reduce the discharge delay time at the time of streamer
discharge.
[0021] A third invention provides a discharge device according to the first or second
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.



[0022] In the third invention_ a voltage is applied
fromthe electric power supply means (45) to both the
el ectrodes (41, 42) at the voltage frequency (fv) not

| ess than the discharge frequency (fs) and not |ess
than 20[ kHz]. Cenerally, the streaner discharge
frequency (fs) is less than 20[ kHz], so that if the
vol tage frequency (fv) is nade equal to or higher
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where the amplitude (Vp-p) is great relative to the
“ﬁV@Féﬁ@jM%Pﬁﬂﬁﬂt?bﬁ§”%$ekﬁ@OW%Jtage that is applied,

tage that Is lied to both the el ectrode
[06’51]? 'h&fgéﬁ% gyepigon, éav age Wipbevelipally; wries aifhg ifude (Vo-p)

SR e BT P RTER, ARt e v
BB AR 0, B VB ot veon o
thé’ %I)Ith eﬁ]l\%{) s aiigﬂecg %a?&httﬁee re%g{ro{) L(glxvnjﬁo{oﬁ gl%fdglteﬁgal fo, 9r, ltower than
lqO/r§1 g?g[ggsélnﬁegagtgn é)lh?i%@ %&Be PﬁRe ge%x}elg g%sch%ﬁge P%{)mhha characteristic
theke skl hRNorBiuced 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).

[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 vice, which conprises a
di scharge device for causing a streaner discharged to
be initiated between a discharge electrode and a
counter electrode, for purifying air to be treated by
di stributing the air to be treated between both the
APaIt 1P tedand the fifth invention is characterized

hat th aforesald di schar ge deV|ce is any one of
[b@?@du scﬁ‘a b W8S Prwidss it @iy eprifiatien (deyicgowhich comprises a

rth j nve tlons 0027 fifth invention_ provides
désﬁﬁ%rigF UeF ?ﬁ H@JSH@IV? é&r@%reef isehRrgedetoghes Hptigied belpegp @edischarge

ST IS s ok s U L 1
i R AL B Wl AT
aF 028 dgaéazgeﬁ@é\qgé’] fCa rg’o Il(;l BP?h d1s§'har % elgoqu(%rélbrgnlso the first to

arrange that a ose

o) invSntgyal to or hi gher than t he di scharge
frequency (fs) is applied to both the el ectrodes (41,

[@2y; In "ﬂlﬁ’éjﬁfthQHven'tIBn%ﬁ'@ﬂdég ath B8 ﬁrﬂfﬁ%%_@ﬁe (t4 Wwhif khe discharge

the discharge delay time caused ‘at

de\.hb@adfﬁbfdlﬁ% 3¢ BAY 98e 0¥ thE UK Q8 - fou@N RIS ¥ ap ?ﬁ@d Therefore, the
di scharge loss is suppressed in both the el eCtrodes

disdiargel@lay tilneraethe tirak on grdanep Ql%hﬂ%@ it the afit @hlfieation device can be
generate streaner discharges. [0029] In accordance
ragutdd. t he second invention, it is arranged such that
the voltage frequency (fv) is determ ned based on the
di scharge frequency (fs) estimated fromthe gap
Thi s arrangenent ensures that the voltage

EFFE%E@&@%HE\INV@\TTM equal to or higher than the

%I schargg frequency (fs), thereby making it possible
(9038} e qducle apenadatics atitly e Tirstanvaptionibisarranged suchghafa voltage whose
This_therefore ensures that the

r di scharge.
Vil g8 AEFAEIcY 9 46 6 16 RE Hgheicihan des Goctiees vaseny (5 isaplicd
SR SRS, o oS30 b SESOROEEE M W s
AR R
discharge loss is suppressed in both the electrodes (41, 42), thereby making it possible to
stably generate streamer discharges.
[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
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




20[ kHz], is applied. Consequently, the voltage

frequency (fv) is made equal ®o or higher 9 than the

di scharge frequency of a general streaner discharge

(l ess than about 20 [kHz]), thereby nmaking it

possi bl e to reduce the discharge delay tine at the

time of streamer discharge. [0031] In addition,

ﬂ%aﬁeth? isghrae jreanengy b2t gegeral stregmer disohars (ass éﬂlant ftbom 20 {kHz)),
[ han 20[kHz], this allows the frequenc
6%% it @P@éblw tf> teduss thardiwhargaledty time alof ?ég@e {06 streamer

dbecome hi gher than the range of human hearing, thereby
%?ﬁ@ it pOSSIb|e to suppress noises generated in

{835 C; h%%dit“eeef%fq%h&% Pk Veeer 1 hitmeRorue i grdigher than

2BEPIIER DGR Rt 5 3’”5111;%3%%@%/ it puigpifing gbhe voltage o
v Th - .

b%‘?’?%nggf{gr {haltrl] gl?er %&gr %ﬁ %ﬁ éltgg%?e (tg r&%% “8%“}% it tpﬁgmble to suppress

S O AR AN B S,
0639} i's ]ﬁ%!:ér@ﬁlcte%lﬁpﬁmg f&ﬂﬁ'l ghefid Oﬂq§ aﬁ-é‘%ged"é&h fhraP{He amplitude

reachlng a spark region. a resu ener at

SPakclically PRy @tag0t hh® SfubPRBRM ok Eff“i@% fh
st a&ol [ t;&%f t% ﬁ%hatragg dew%f(le1 |? [ rr%r olslqe;ld [OO0 t]eaverage

véltagaqGAay.daTtie anahfenidhe nalrbtl theeidd 8N validtion of the voltage that is
i ncorporating a discharge device according to any one

amflietl he bbtlr gk detbdes @, KTV errétNmaking Qt Pélssﬂﬂé to prevent the voltage
purification device, it becones possible to reduce .

thah® apliedhér bethdbd elgctrides (41, 42) drom reachihgsi spaBRIgion.  As a result,
discharge in the air purification device. This

theeagneretion hba dpark hainpébited swd shofirdaner discharge isfabiay iobthe discharge
device, thereby making it possible to stably generate

d%@%@aﬁﬁpmﬂﬁécharges Accordingly, the air

Ug)url fication effici en%/ of the air %JEH fication device

[04A] be ilpRcevdancepritithpR8ERNPMION. OF ITHEPORINY RGEscharge device
‘1160034 F ure 1 schemati ¢ perspective vi ew which

opﬁ@ 6@%% t1to fepdh dgyventiges 4@ agpippprification device, it

urlflcatlon device a rding.to an enbodi nent t he )
%P@gé RPSHHG &n fbiRe ‘35‘?’@’32 f?eéayaﬂ@sr%ﬁ%mﬂ?érmmer discharge in
thg 'aﬁ%un'ﬁ]ca 10n clﬂevL10|e| uﬂursa}% tces H1e dlscihr%% lgsfsesa 0 tlhg %1r%u%%cat1on device,
thereby making it possible to stably generate streamer discharges. Accordingly, the air

purification efficiency of the air purification device can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Figure 1 is a schematic perspective view which illustrates the overall construction
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




devi ce according to the enbodi nent when viewed from
above; Figure 3 is a perspecti®e vi ew which
illustrates in enlarged manner a nmain section 10 of
the di scharge device of the enbodinent; Figure 4 is a
circuit diagramfor an electric power supply neans of
the _enbodi nent; Figure 5 is a diagram which provides
of theelischange deyicoof thaemppdimenbl e of streaner di scharge;
Figure 6 is a graph exanple which represents a
di schiieges #r dqdefBGUl shagiam {95 #mgdedine qupsyse ysupply means of the
' %Elationship; Figure 7 is a graph exanpl e which
CHEPFE¥Eht s a di scharge frequency versus voltage

f requenc el atj.onshi p;. Figure 8 shows.a sinulatio
r esﬂl 1t‘jv'b‘ger %\}%8 %ﬂr@%a‘ﬁ}i“ﬁ}i‘ ﬁg‘“"h‘g‘w 4 a%SCPBP%‘} Pt %nﬁ)fﬁmlpqe of streamer

dbe%tavvee_n di scharge frequency and vol tage frequency
HFY88Ts the di scharge delay time; Figure 9 is a graph

whi ch I '

Bl SPEMh SO AR TR K RSt SOIRERS R freauenoy versus
v9ff'téﬁéiﬁje§ﬁe quﬁ%‘{lﬁ%ﬁ;on of the discharge characteristic

of a

conventiona scharge device; and Figure 11 is a

di agrﬁ@h}@bcﬁ prayies, lgle\ﬁffi(:. pxrein%gexﬁg o BRci tﬁ%ﬁﬁ&cy versus

characteristic %%%n a cyc |ca*ly varying voltage 1I's

V@@%eif@queﬁggamiﬂwwmw SIGNS | N DRAW NGS [ 0035]
ORBCIRY ]

air purification device (40) discharge device

(41) Higtr8rs88welaesibuffien 4P dGRAt B cRiBiRinOB®Y (K relationship
el ectric power supply neans
between discharge frequency and voltage frequency affects the discharge delay time;
Figure 9 is a graph which represents a gap length versus discharge frequency
relationship;
Figure 10 is a diagram which provides a description of the discharge characteristic
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
[0035]

(10 air purification device

(40} discharge device

(41)  discharge electrode

(42) counter electrode

(45) electric power supply means

(fv) voltage frequency

(s) discharge frequency

(Tv)  voltage cycle



(fv) voltage frequency (fs) discharge frequency (Tv)
vol tage cycle 11 (Ts) di scharée cycl e BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0036] An enbodi nent of the
present invention is described with reference to

Figures 1-4. [0037] Figure 1 is a perspective view

whi ch LIl ustrates in. expl oded manner an air

ouri fiC3ti ol SGRELY10) according to the present

enbodi nent and Figure 2 is a diagram which shows the

inside of the air purification device (10) when vi ewed

MG i j b d ' i (10) is a
%%nsum?@?ﬁ%éwgcf@p]gtﬁww@\g for use in
ral R . |.n._addi tion, .th

P ar i ¢V S oReSbr e A Tgpscht Uidhton s Mt ity foterence 10
Hautcrq0f the so-called streanmer discharge type

adapted to generate a |l ow tenperature plasnma by

soymanmer poi i b lant r ht .
e e R A B T Ty
phtificdtionaddvie @Oy héRrdid@lo HRCHUERS etboaBhddd ahd Blgurd PEis a diagram
casing (20) is nade up of a box-like casing main body

whi2dh) shoits khainsipef tierddr putticagen aéﬂcélglfﬂb Whien Rlc¥ed frdmddbove. This
which is placed on the open end surface. An air
agputificationpienice1¢)28 ) comsubier Ak gukificattacdevidedetesdddl fag Gse in general
of the casing (20) on the side of the front plate

hewsehold| andagialli stnesan Irmiadditiohp i tairo perificgion 2devides (10) is an air
formed in the top plate of the casing nmain body (21).
pipfieation pieyickei efatheyso-eatled atreatbtndischargp éypienglap2d) toi generate a low
| ocat ed adj acent to the rear plate of the casing main
tqgeRpyatre plasmapby ofreamer ghischarge ead oneify 423y be drepiod vsith the aid of the
within the casing (20). The air passageway (25)

loyy fegmgeatyre air suction opening (23) to the air

@8 B8 B il sl B et ereugi « beusasing (20) is
nfade _%g%%w@&@@ c?ﬁﬁ fﬂﬁﬁtﬂoggggyzgrﬁtp'saﬁnop(eﬁ%d'sﬂﬁ'&aéédér{}ga front plate

various alr puri ation c
(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
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,
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.

[0040] Disposed, in sequence from the side of the front plate (22), in the functional




and a centrifugal air blower (26) configured to cause
roomair to be distributed thtbugh the air passageway
(25) are disposed in the air passageway (25) in that
order in the direction fromthe upstream side (the
bottonside in Figure 2) to the downstream side of the

flow of the roomair. [00403 Di sposed, in sequeng
S@CP@%@H@I% -Gt Bd).franoiepization gart £33, an ﬁe@tmzstatw filter (33), and a

A RE AL, B0 (Rl e SoBEtidd 1 Rapdeld o Rrmperarure
pﬁE‘:ﬁa & b&%éél@}ay‘gd' i§ itkdrh In(cgﬁ)‘)rat&l el %rﬂzl% rﬁé’aﬁ%%‘m){n addition,

conf I gur to cause a enperature

ag elBetiatpether suppht 1@@1&@(&5) flof €y cﬂguhaigedlemﬁé M Reprovided in the casing
i oni zation Eart In addition, an el ectr| C power

H@anmcb’ @dnnk the4) pltrcﬁcatlhn davise ﬁh})g eMibew bpssifically, the electric power
V|ded| t si.ng main of the air
x SN Q@@?@gédm@)f to Rmrréarﬂvﬁétemmde SE e caping ‘main body (21).

[(@Lﬁf:]rel ?Iél%r ltteis Ké;ﬁ i %%p%éx%glteﬁqédahgeﬁqg %g%%’%@éi %Qltlect dust of

re[[ag%ﬂﬂ larER QiR cBndainch 6K ﬂ{e%]rx) ThefiQ5 PR PrA32) éa‘il%s dust of relatively
a apted to entrap and coll ect dust of * relatively

sihalt gize pegsingcthniughribel pieafiltére(3d) to bd beargahélzatically. pdﬁﬁ electrically
(32) causes dust of relatively small size passin
chapgedudynt isisatranped fnd celfectedy the ebetr@mwga&r (33) dmposed downstream

o Fatesle ks G of Gaafiopunti PG RGe 4P PE apfpeliy of ionization
11%3%5)%1@ ﬁldah%p ttu%%gglecm)dés 32)' Oy %?)thhgl;?ta/r e 6111&;;){ ‘lines (35)

IOﬂIZ& I on "par e’up o

extent Bedive@ithe kd dnd%e Batthreid of Bk kdrﬂzﬁﬁ)nfpﬁﬁl’(l’:ﬂat even intervals.
el ectrodes (42). The plurality of ionization |ines

E¢3bipnizetiore Hide [ﬁﬂ)\d@s anI zhelngbpvumd sunfdcd h‘epmﬂtlomtbrﬁbb olectrostatic
he i oni zation pa at even jntervals.

ﬁft%fr@%lat i O1F QOMPET elgstmq g) @rfogngd hﬁg?’é elﬂngﬁfs@m%laheﬁ daging a cross

seggalg tn{e &ee?eheag? [ g de a?gelr%%fl: ?{é{a;(OSt cter "le Qﬁog' ég{‘?’ ) recpﬁgular shape

wiR ¥REEidB %ﬁkﬁ%& (ﬁ:reﬁﬁ %nd $8 %béxpgart {3 1@)5&%@&9@1@ 1&fr sfde. Each counter
Japanese k ana character (ko)™ (like a

eleesidand?) Branahgiebetwedrhioniwation tiae{353,i sugh dliat GpBMositivnekd parallel
its open part is |located on the rear side. Each
tOdb@ mnezatm@ liges B6He Ak pastsceuntaneipstiodrt4re émjoinsdi atdts apgn part, to

o ks f‘%gf&ﬁt g;%:hthat it is positioned parallel to
fﬂ Yot/ ines (35). And, each count erI el ectrode
4R, 0 e DT R A0 o B b o

(4251 énB e doititéeidctpdder @l2) tidcial tHe BRBhGE QLADEOIFH). 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
(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

(41) is a linear or rod-like electrode. The discharge electrode (41) projecting outwardly



(41) and a counter electrode (42) facing the discharge

el ectrodes (41). This counterq3 el ectrode (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

el ectrode (42) facing the discharge el ectrodes (41).

- fibBOAS fixvrerapaqidfi) i atrhygedysiidh thafienes eebstaatikiigpaalld with a first
which is an enl arged perspective view of the ]
sutfase Ké2 g eoldby cowntéudicirodn (€2)ecin edditihal e Waptansatherween the tip of

iachiee Sorrete G bed Ondi Aol (e St Egier S-EERITHE) Lo the

' i Xi 4) to th | ectrod
s hpha i B e B Et) of de “(4D) i
[004k4] NearTiRcatRfid filk@ (S4)5S Wispased dbidstieas B RIectrostatic filter (33),
el ectrode (41) projecti'ng outwardly 13 fromthe

Tht ratalgticréitbe(34) 4ormsd, dor ergads, uckbrehedmb strudnsg substrate which
substantjally parallel with a first surface (42a) of
syfiperte Ginife pureacect calakyst 4 s thencasalpstt coalysts Heuah g spfelysts of the
between.the tip of . the.djscharge el ectrode. (41),and
eSS, Gl Bt b TG el GRS L Ay These
' t | ( Do . i .
e st P Ro6T AR e Rty IS IR Bt in a low
te@ipSRaEe dpldans S%e_fr@ﬁifecpfb t BRc@lceaistReiatdng tagabRrr 0&"3%1')0m0ting the
The cata?ytlc ilter (§4) is formed, for exanple, by a
dé¢vompypsitio oS harodulaubstandes tndiodorons sbstasegy pothesion its
surface a catalyst. As the catalyst, catalysts (such .
[0945k at ally Shestolpings withgpisemes b Fighiea 4, aguguitey; spippiesofghe electric
the precious al faml y_be psed. . Thes . .
pccx:\%(l t aﬁ%{}@? gn%apé q%%?pagba[ geg%lf‘é/ %Eﬂ]t%@é?seggﬂvslgﬁn nia escribed.  The electric
pM&@uﬁﬁ?Qﬁéaﬁé f45) Mﬁ&@lﬁ?@@a BQS%@R&ge'ﬁ%w&rE Wly control part (g61) and a

tenperature plasma generated by electric discharge an

highpahbg: pdwdgrrsapplyi diguit pert (GBCoMbeigh ositapk posventupply control part
subst ances and odorous substances in the air. [0045]
(61 anAethe diiglowokiage wbver sefpdy eirewit tnartF(6@hrase £onpected together. In

a@[ Cnl,J I&éer gi@ég{f&lgg R%fpwet( Egp lyglgg;}itcg iri%%g lc%/ednteoaﬁl% discharge
L ] supply nmeans (45) is

eI (B0 ipna 1O TaetoRElSt LEcuRBNED), PP Y Toontr o1 par

[o(og%]; andriR high Woliéed taoRr RAYRY wuib] Yaki GE)ikcld®sta high voltage

. The high vol tage power supply control part (61
pang $upplihi(6l) whichagea pwiseary ssigeplpywer sopply, pad ta (@Rjoller (64) for

are_connected together. In addition, the high voltage

cqngRbingdhppieh veltrgapawes srEDlY 625U RarE@Ahect ed to t he

[O%iél’?]c har Yhe 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
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

(812). In addition, the transformer part (67) has, on the secondary side (smoothing circuit

side), a secondary side first coil (S21). The primary side first coil (S11) is repeatedly



el ectrode (41) and to the counter electrode (42).
[ 0046] The high voltage powerjgupply control part (61)
i ncludes a high voltage power supply (63) which is a
primary side power supply, and a controller (64) for
controlling the high voltage power supply circuit part
(62). [0047] The high voltage power supply circuit
npéde cofdR}ivemohwdeductine dbgahd babifngf the tansistor (%) whereby a boosted,
transi stor (66), a transforner part (67), and

wdriingieased doltegy Bagenciabgsm) th T Isecapseny] side iﬁﬁféj C@rlr@an On the

obahefE @"é‘lrnf%’r'ﬁ%ﬁ% Bt PRt BHaP Ao varet dFpsaging on the
“ERaBy ands St Beltned Bl TRPERRE-A Qfgrtéte EEgp] Pl cun

valtappleteRtihg Yary @691 NThe mbﬁtawa§@dététﬁ1r@rpaﬁt(bym csmftgwad such that
(68). The transforner part on the primry

itseutes out 68 ebhdranal signalite eiconsollie)4)afqrekample, wheretheiseendary side
coi| (S11) %%l a primary side second coil (S12). In
| O‘aTQH‘iYQI@ﬁe 13 worpansf or mer part (67) has, on the

IGRGE"T T e SEBe R TRSS if ey B 3B prfuDRERT Ridhott v
Wﬁ'xﬁ]ﬁjﬁs a SaphSREREGR! dborinatitRde THE @%Stﬂlﬂgeél?&ﬂf mﬁl@%ﬂﬁgﬁred such

by the on/off of the transistor , whereb

tHaDﬂsstr&xdﬁhenal@fp]oﬂthg&ibedstﬁr@dmﬁbliﬂaﬁhﬂ@ﬁ: $eﬁo@£jﬂy§ Bﬂé efdsti avil (S21) of
the secondary side first coil (S21). On the other
thedrsarster part () snd applies grcar@h@élrrdmmg)vqitag@tczbwothahs electrodes (41, 42)

o B PR tRREATEG and the i nduced vl t g6 |5
R0F oL et Bl bt A0 BuDR GGl L otdghanich is applicd

toShuth thehalectrddes IENAR) @4in BB N OF ABRImSbABPWatE) ak RBown in Figure 7.
controller (64), for exanple, when the secondary si de

Theityle of this agbages(t@b‘rrdtagalcycl[a @O49]is &'d[ual sorooidwarghan the cycle of a
circuit (68) is fornmed by, for exanp a Cockcroft

Pelsing sireamegisehares (thediprhateesorlsi @a)é cBhasrlﬁatbr faueng of a voliage

wiER0S efled v BPlet srbSitbist Raf A Sitaef diushlpli) s equal 1o or
hi E&Qﬁﬁé‘ﬂﬁé ﬁféqlqald‘;ﬂ Jrsit u@s%é stﬁe%ﬁ?c} dgéhar%@ﬁhé A&k fr&ﬁ{ehcy (fs)).

and applies a cyc ically varying vol tage

[(]I)li ia] el edhraidain( ik, relbdipnshih of ke whlmgh Efegﬁexd:@'VGf@)@kHAEO\)nth the gap
[0050] In the resent enbodi ment, the output waveform
le@gtha( Bzl EkHrk >appl(Gbinm], 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

4.0k V] and the voltage amplitude (Vp-p) is equal to or lower than 0.4[kV].

RUNNING OPERATION
{0052] In the following, the running operation of the air purification device (10} is
described.

[0053] As shown in Figure 1 and Figure 2, when the air purification device (10} is in



to both the electrodes (41, 42) is in the formof a

si nusoi dal wave, as shown in #Fgure 7. The cycle of

this voltage (the voltage cycle (Tv)) is equal to or

| oner than the cycle of a pulsing streaner discharge

(the discharge cycle (Ts)). That is, the frequency of

a voltage which is applied to both el ectrodes (41,
El)ati()m,fthe eoiitifigel &ir bipryvem(36)(if wytjvats! wheraby tapnoair flows through the

gher than the frequency of a pulsi streanmer
ﬂ&‘l@éﬁ?ﬁ?ﬂ@y (A& desaying fr@q@ééﬁwl mfgl}S)state [thoelggtrie power supply

PO (TS 1 BBy f%ﬁ&? g ROt (20 g fh discharge
dKvicé Q(@mﬂ&t (0 gfnl%, { vbl‘f%‘tg(e m‘r{f k@?%'oﬁ%&rﬂsb%aﬁ@%‘tﬁgme 7) is applied

coef i ent an

te tHealiichenge detioe (409 t age frequency (fv) is equal to or
h(i}%her than 8.4[kHz]. Furthernore, the anplitude of
1vol t aYken wpstygpmi of requadir tio introduwaé rintoh e m%gotzo), dust of

R A A b B P v

t | (Vs
I 10, AR ASPS G, gL g i
efectcklVy -chiRdb B %M&‘%U{E%S%}ld | e et HiRls! Q¥AGlly charged is

the running operation of the air purification device
eftifpped and delkartddindthe ffROf33tatistilsdrq@s). i mﬁl@wﬂ&dlaband a1rb0rne dust
Figure 2, when the air purification device (10) is
pauticles 9é daree sie anthsmell sizeiare glmosh ramayieditisr the pey-filter (31) and by the

cLi eby roomair flows through the air
%g%%%lf\/\@fm? in the casing (20). In addition, in
[ (B' ur eafrs thetﬁﬁchﬂggc&&i A gy\ﬁ{te Hlﬁ}g llryco 203 Ilgtéq'ile 1omzat10n part

(F| 4) appli a vo at| on

(38323 1endethperbliee giaswhas ?ﬁlerﬂ@d/ ot ﬂf&Ot)ip oﬁfthet dﬁb@atgerraectmde (41)
a voltage 1n the formof a sinusoidal wave (Figure 7)

tdveardp el euintar electrode i($DhFigyee dpwid.ead 40ysult] 6¢bAjedvipenies of high
a streamof roomair is introduced into the casi

n
TESBYLLY Sy asoplectiam den. vaepye: 14 gadisplze Gelers |aFest0F1§?ﬁ%veéNhen these

%{ a{ellaeslg@ég Ifafér r?;epag:l the %%‘%1)““’ trﬂo E’m)\/\ﬁr %%%tﬁ?s ler lrfuciltwatecl thereby

déc%hﬁio's%@'aﬁd $€fﬁ$¢1n§ hﬁr%lﬂmcc;nlfﬁ)néﬁ’t@ Bh@bloroBs cﬁhﬁ(ﬁ{eﬁiSQE‘ kileYair. And,
charged, | ows downstream and the

clehre oaomi aaj ﬁye cﬁhar det ab svelleastfr@p pachmau dmd @ldbeat egbdmnces, is blown
the electrostatic filter (33). As described above,

oy intedhe eoaay girough the air blowout opening (24).

EFFECTS OF THE EMBODIMENT

[0056] The air purification device (10) of the present embodiment provides the
following advantageous effects.

00571 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.

[0058] This is explained with reference to a graph shown in Figure 8. Figure 8



particles of |large size and small size are al nost
renoved by the pre-filter (3Xg and by the
el ectrostatic filter (33). [0055] In the discharge
device (40) integrally incorporated into the
ionization part (32), a low tenperature plasm is
generated fromthe tip of the discharge el ectrode (41)
sHoowar digulatien eaunderivedl wodxamiidng 48y thé-digeiaegedjelayniine asthe time of
a result, activated species of high reactivity such
stesmmet distheogs, virisn depradimg, ondhelrelatifinship betwesatles ¥oltgge cycle (Tv) and
en _these activated species arrive .at

duced. W _ the. .
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there .deconposi n e ' r I
oA BRI EBIERTOY TP, ) AR b o
offifate FXi€Gs fHaRMidHSt vASeVEhthingd by QMINAS It Wischirde cycle (Ts) by the
odor ous substances, is blown olUt into the room

rdahdiotigled dyelea(Ts). bl Mo the diselmirpg oY 24| Ts) BREEGHISmOmM MhEired cycle at
EMBCODI MENT [0056] The air purification device (10) of .

thehiéme roé seveemendischatgan end thvegb dischuge ysle dlFhés the cycle which is
advant ageous _effects. .[Q057] | he present . . .

IEQHB'BcSi aetbe, tmge of ot &S lfegg%h e‘ﬂf‘:‘{;mfgﬂv)am? Js la:%mga J2 simulation.
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tHeadRcMRES Qleldie tiv tdageades.eqRAGYsElY Jas f @lsITs") beh ade t idlinate  axis
di scharge fréquency (fs) (Figure 6), the discharge

apebachet & malué p£o,i tha discldirgeadday thye decgéasels.arrow i n Fi gure

7) at the tinme of streaner. di scharge ¢an be de
[0&?58} t er In[the sigjulatisogesult, ax ghoym e sided raee oE haare § (I9TV < 1,

ARSI FO LR S, A e oo i
cgﬁlig FYE A&h@del ARy Alnel BB tdT8igRIficaRly SRMIse. Consequently, the

rge vari €s dependi ng on thé relationship between
disbiearyelobsg o f tecdischarbe Mevioel (400 liscreliss c h@ngke offied lan@TE)Y Ts/Tv) =1 in

In Figure 8, the abscissa axis is indicative of values
FigureaB el ibthe diltagelicrige t(he) toguiearcgualdpcrdessthan Hie dipgharge cycle

yol tage cycle, (Tv)., while on. the other hand, the :
(Eﬁ,d&ﬁgﬁl@%éggpgeﬁg elwaiq;a?rpgsereéth\;g,[ E}écg{ ogfla(i eédw%r)gls, if the voltage

S8, 5 R AL Beb TR Ry () iy rocucs e
digéh&%edéraﬁhmémﬁe%yimaﬂ@nfugo@siab to ehectiveleredficesthe elivvharge losses

i scharge and the rfeal discharge cycle (Ts') is the
oftheldiscivrize Hevise (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.

[6061] As described above, a pulsing streamer discharge is generated due to the
lingering charged particle (52). Therefore, the streamer discharge frequency (f%) is
roughly govemed 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

streamer discharge is produced, the discharge frequency (fs) is roughly a linear function of



required at the tine of actual streaner discharge and
is obtained by sinulation. Attordingly, Figure 8
shows that as (Ts/Ts') on the ordinate axi s approaches
a value of 1.0, the discharge delay tinme decreases.
Conversely, as (Ts/Ts') on the ordinate axis
approaches a value of 0, the discharge delay tine
tHergap éaetis(G)] 206G} r¢latidnsbipsbna=a40/Gn result, as shown
in a shaded range of Figure 8, (Ts/Ty) < 1, _in other
[QR62ds, iln thepissens gmbpaiment.fthe dischases Heueagy (fe) eshimated from the

becones. gr,eater than.the disch e cycle. ( t.he
o E R PRSP i, B GOIBES STGRFIeT s 1y SAEHBEL Gased on the
i ggh t j :
RRTER BT floncd O AR, PRIRE e BF SET Fiftfy ) i
niabe eflifioorBhigherethah fthd ARchakt deRuens| @)( TWy desaheshe discharge
equal to or |less than the discharge cycle (Ts), the
lagbesaif shepdisdhetemydevicegd®) ean bre sedusbdpithedtyfaishgrt . |1 n
ot her words, if the voIt%%e frequency (fv

. fv) i d
[QdAl t oFBiheHneRein thiBresem smprdupiat.gac ?lng@a)a@h‘gfgf%pgix means (45)

o S e 05 AR (i o
1Q§ theAe10h SENRE GerfV St ARy, [PASAhirbRs ldidnb®df valation of the

the present enbodihent, the electric power supply
volese Sviidip)s appied anfhedistle theseamrdeo (41¢ 42 pladvbley mbiking it possible to
_application of a voltage which satisfies the )
inhehititheoredinge whishds applind (ofhoth shergiegtmydes (s @2) fipmsreaching a spark
e ke PR e aish SRS e iR ShE P RSrS fossible 10
i | L %53 bdVfice.
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streaner discharge frequency (fs) is roughly governed

by the tine for which the charged particle (52)

OTHFEYBEDYJIERTS shows a graph which represents an
experinmental ly found rel ati onshi p between the gap X

[QGsAht h (Wyth eipect fe the adorssaid ambadirasnty ther §5e§er$rﬂéwenﬂon may be
%{fg%hgsh?/\ﬁ that, within the range where the streaner

¢ %Y Broduced, the discharge frequency (fs) is

[doeyphl Y @ the @%@Ba:%_&’ Nelic@46) of the }éﬁ%&n@%ﬁlbbﬁfﬁ%rﬁ th&electric power
and the relationship is: s = 409 [0062] In the

sUpphs ARhne (MY sdifigurddysuch gabar geplt aguwdingy whbs) vokage frequency
estimated fromthe above relational expression and i

(fvhds agivalade o r kighemdn( Bdjkie]. ddlewscnethehyelsageofreqpamey (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
human hearing, thereby suppressing noises in the vicinity of the electric power supply
means (45).

[0066] 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

be in any waveform such as rectangular waveform, saw-tooth waveform, pulse-like



esti mated di scharge frequency (fs), thereby ensuring
that the voltage frequency (fyg is nmade equal to or

hi gher than the discharge frequency (fs). As a result,
t he di scharge |osses of the discharge device (40) can
be reduced without failing. [0063] Furthernore, in the
present enbodi nent, the electric power supply neans
waaslprmappdterass iogotitvaries cplieatiy.odes (41, 42) a

vol tage having an anplitude of (Vp-p) equal to or

| ess than 10% of the average voltage (Va). This

SPGB S 0L s 4758
(15107 REHL0Bcl] BOSBLRLEpLo o WL Lt 0 ptcarion i o

diseRaBé gvice odpldd tol RGLON strdRERdIABIgY to bB eniflglee b3 tdpplication of a
of a spark is inhibited and it beconmes possible to
cyetipaly evaryieg stokthgd, iand Gfrther dihdsi apglisdtionaive en diis pheifiggon device
in the djscharge device, OTHER EMBODI MENTS [0064] W th
eﬂ‘égb%]c‘f‘“dﬂ & 15gharessisvigeenbodi nent, the present
invention may be configured as follows. [0065] In the
di scharge device (40) of the present enbodi nent, the
el ectric power supply neans (45) is configured, such
that it outputs a voltage whose voltage frequency

(fv) is equal to, or higher than 8. 4[ kHz]. However,
the voltage frequency (fv) is preferably equal to or
hi gher than 20[kHz]. In this case, the discharge del ay
time is reduced, thereby naking it possible to reduce
the di scharge | osses of the discharge device and, in
addition, the frequency of sound associated with a

vol tage (anplitude signal) outputted fromthe

el ectric power supply neans (45) is nade higher than
the range of human hearing, thereby suppressing
noises in the vicinity of the electric power supply
means (45). [0066] In addition, in the aforesaid
enbodi nent, it is arranged such that the electric
power supply neans (45) outputs a voltage whose out put
waveformis a sinusoidal waveform However, the

out put waveform of the electric power supply nmeans
(45) may be in any waveform such as rectangul ar

wavef orm sawtooth waveform pulse-like 18



waveformet cetera as long as it varies cyclically.

| NDUSTRI AL APPLI CABI LI TY [006/ As has been descri bed

above, the present invention finds application in a

di scharge devi ce adapted to cause a streaner discharge

to be initiated by application of a cyclically

varyi ng voltage, and further finds application in an
CLiAINISy i fication device equipped with such a

di scharge device. 19 CLAIMS: WHAT IS CLAIMED IS: 1. A
WHadhey GEAHMEIEES: whi ch conprises a plurality of

di scharge el ectrodes and a counter el ectrode facing

the plurality of discharge el ectrodes, for causing a
streamer discharge to be initiated betmeen both the

lel ect4 diksbargy dgpisk.y whighacaywises al pyraligy pf rdgsch@r@ﬁt%@?érodes and a
to both the electrodes fromelectric power supply
C%ﬁ%elevw\f&eefaﬁmgm@ pl@rahéwwﬁgdlsqhetgﬁt ¢1%mde%x@fe%3§ﬁlaﬁ a streamer
s satisfied; > fs whe (fv) is the frequenc

dtSﬁléar% 13 &g énWﬁFeéhbqt%’eeéb Bpﬁhe@let%e%@fiﬁﬁ PR epelyaRg %Vé"gcally varying
he frequen af the streaner dischar
V%g@ ilé’ﬂb%ﬁeﬁﬁ%ﬁtré’é?s AT FECtFie PRV SUPRRMicans, padBRthe following
% ) Lhe el .ectrode S;._z. The di scharge device of claim
AtGRALTRRFFSIOP S RUSAYH vy kHz], the fol | owi ng

rel at expression is satisfied: fv > k/G where
(fv) FVK'H% is the frequency of the voltage which is

v@@ (gﬁ Ih% f&%{é&c&g)gtt% ‘?ﬁgagg Wit hai(aJ gggl e@?,ﬁ;l) nb’th ﬂhg efe@ﬁ‘odes and (fs) is
t X g‘ll’éq;ﬁ cﬁr;cifqllleaétf@aﬂie{) Hlseﬁeﬂéémﬁrchﬁ@gﬁl%kﬂed it e fhRh b®WMplBe, between

expression is satls > 20[ kHz] ere

bg,tfh\ﬂleglg@ﬂgddcés the frequency of the voltage whi ch is
applied to both the el ectrodes.

2, The discharge device of claim 1, wherein:
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.

3. The discharge device of claim 1 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.

- 4, The discharge device of one of claims 1-3, wherein:
the following relational expression is satisfied:
Vpp<0.1xVa

where (Va) and (Vp-p) are, respectively, the average voltage and the amplitude for the



4. The di scharge device of one of clains 1-3, wherein:

the followi ng relational expr&Z®sion is satisfied:

Vp- p<O. 1xVa where (Va) and (Vp-p) are, respectively,

the average voltage and the anplitude for the 20

vol tage which is applied to both the electrodes. 5. An

air purification device, which conprises a discharge
vakageoshidlois applitsl todoéh thetetceaosys. di scharged to be

initiated between a di scharge el ectrode and a counter

el ectrode, for purifying air to be treated by

distributing the air to be treated between both the

Sel ect Fodels pwiticaiaom devihg which ewaipdisel 8 chsnhgezeddeviaeefor scausing a
any one of the discharge devices as set forth in
stggamonslisgharged to be initiated between a discharge electrode and a counter electrode,

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.



