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1 DI SCHARGE DEVI CE AND Al R PURI FI CATI ON DEVI CE
TECHNI CAL FI ELD [ 0001] The gresent invention rel ates
to a discharge device which causes a streaner 5

di scharge to be initiated upon application of a
cyclically varying voltage, and to an air

purifi i [ [ch is j |
i schalisCHARGE SEuidkidid MRENREBGA N PEVIcE
“purification devices which are equi pped with di scharge
devices are 10 conventionally utilized as neans for
TECENRROS kg pnd renoving, by the use of a plasm
generated by electric di scharge, odorous conponents,
[oobEr nf ulThe QFReRERkEnticANE a8 a diSdhafdcaRsRE. WP B8ustH 8 $Reamer
various air purification devices, an air purification

disdlamieCd W initheed SpdreappicatitsshacgéelidallpevatyinyRokdpeaahdtd an air

purlfRaorpdeieralitieistegaipped with fsach déiednpesdengeand
deodori zing harnful conponents 15 because of its high
air purification efficiency with relatively |ess
el ectric power consunption. [0003] The above streaner
TECEENIXIGEIELPe air purification device includes, as a
di scharge device, a plurality of discharge electrodes,
[0082]count it purificetion eleviges mdrghhere pauippad wythoflisehasgsh deyjees are
el ectrodes, and an el ectric power supply neans
congepitonglly shlized asgpeaps fondecomppsing 2nd remeving.Hy @e Jep of golasma
and counter electrodes, In this arrange t, upon
gengigRd; E&tqﬂwl%ﬁlsﬁh%’%‘?vt‘?ijé’éo‘tsoc%’éﬁ‘ﬁle{“ﬁe?‘%"ﬁp FORBRI A other
the electric power.supply . ns,. a. streaner..di scharge
subjaness. o, AL RECH IO B P HEN B Slepionh ab Al RHEfiGH{Pn dEVIEe of the

S FETARHOE: Bt P R B o
B —
bec%%s'aeﬁf SXC gL 4 ” lptﬁﬁ’fgl: idhl efRiAtd) withOHARALASed EE@%il)?t power

generation o ow tenperature plasra, where

" conbi}fftforcOMPONENt s are deconposed and renoved (see

Patent Docunent 1|). [0004] Such a streamer discharge
[00bYPe diTdeh#oge BRYMEE dRERM S SFpehhig pidERAARO HebicOrincludes, as a

efficiency for odorous conponents and har nful
discharppodendss , a plirality dfhdisohdigs cheetrddds! dasunter électrode 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 moiecule 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
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2 the property that the streanmer discharge state
(e.g. the frequency of occuirence of streaner
di scharges and the streamer di scharge generation
status) is acutely susceptible to being easily
i nfluenced by various affectors. If, in consequence of
ei ther dinensional or assenbly errors made duri ng
the propeity thet the sttamersisvhange sttt dhrefequencylefsaccudenssod streamer
between 5 el ectrodes, the el ectrodes vary from each
dischangey andh thyy sedamey discharea gergratian slatushissacafalss égscgptlble to being
robl em t hat streaner dlscharges are not prog],e
easxgt amyencedobpsyariphe abseiges. i d5.dBs €PRISEREDRF (¢ ¢ithes rdippgisional or

nts

tqQ . Figure 10.. Figure. 10 graphicall
assei L RAPanid iad dpbrisatossoipibreae oot gty BE B, afhpsiop petween

_____:__:elechE%si g.@ealeltggt]rg{ef, S/lareyﬁgrﬁglg%}sc{;eoa@?r %@séﬁfﬁmgar gquﬁﬁt‘ge SﬁrlSeS S |

d 10 h f el d
prolfily Watitek i i btE e 8 iR Dl of The or cchar go
I t L .
[OO@ggﬁgtrTlglé a?)%ﬁ: N t%scré)eg }Q@E}}a}efé&e&e i!or@xﬁfﬁfecﬁ. Sﬁ%ﬂr? rlg rﬁrgphlcally

repr@?e‘ﬁ% cﬂg%gféc'r glddgt%ﬁ%?cr Q:'ih%p’@(ﬁ arggfef:hﬁéﬂr Go ﬁ@%ﬁy of eltepﬁodes (a,

reason Suc

b, c'@r\ﬁgﬁ&ﬁ i AR PR i@%di@itfv@%? thd eﬁfgh@& @Hl@alg% (Vy;lwh@cfh is 1mpressed

igure 10) 1s fed to each elect hi's 'may resul

to theplarafityéelbdirodBd £44 B BRIiRALE akis Q8 ﬁldﬁrfaﬁffe amermh@haﬂgs %urrent )
el ectrode (c) 15 of Figure 10) is not fed a voltage

whitle @aivs @€ theofimelof@lactie dbdeRR! JAndahesendedtodea(® b, ¢) vary from
di scharge is produced. If, in this way, no streaner

eacldlbthehimrdi®hiige rnhsrdmteﬁﬂmrbacaxse ef timi masehelesaribdé abdvei s If, in such a
reduces the anopunt of generation of activated species

conditiasfa piedetermingd ppuliedaloltege (fot exanple, Vhef Egnrpl@iscieddo each
the problemthat the air purification device equi pped

elecwotlé this diayohanitgie 2 e icehich some elopprededsrevabply, disoslectrode (c)
IS reduced in air purification efficiency. ZQU%OOOG

of Fagire 18 bis e erisltagetehwireior Plsetrigrdsdhansacpnddiopticamst diseharge

the apove problem there is_a discharge, device,i

is YR, o 16 o I MR oM SiclisdiRiasge PRSUSEI AGPrain flpgifpde, this

redisES gy 'Zm%nrr g f;%%‘a‘% er%h?%%é'sa?@%“ﬁ%gee‘f&%e& pical . cetera),
11

e SRR T o, i s

e SEEPYRR 50 SRR Rl Y ALhS 34 ORI

| t 11).,
oo 555 { Gl é%ef%rgrorérﬂén B v i,
ther€ N8 LARLSGIR dFickaR I WiibR D) cyclicdlly ParRerbiagess BRIRAto 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 IT),

- Patent Document I: JP 2002-336689A




Docunent [1). Patent Docunent |: JP 2002- 336689A 3

Pat ent Docunment 11: JP 2003-3%3129A DI SCLOSURE OF THE

| NVENTI ON PROBLEMS THAT THE | NVENTI ON | NTENDS TO SOLVE

5 [0007] Incidentally, in the discharge devices

di scl osed in Patent Docunents | and I, pulsing

streaner discharges are generated. This is described
Paterit DocneeerEACE00D- 5Bk e 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

illustrated in sta 00081 At the time of streaner

DISﬂE@ﬁQB@eOFéFHEzIH Nwhich is a minute arc is 10

enerated froma dlschar e electrode (41) towards a
PR@ é

B&%Tg@&ﬂ%%V?HE}ON TERDR TR SHLVE he | eader
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1007t gkt om'@%gSCﬁﬁy‘gag&i%e scigpain Pheft o dmenty L and I,

par,tic

pulthe g‘lEh%E‘?FE e oot eog(z)gglélla seSCBL%C} RaPaclfaEr i pisure S
wil 3EREA T sl ERRATERY b7 el AT 3n 260 ' puda charsed
pargéléﬁ?g V\H} h&él‘?a ) d&?ﬁn&hﬁ‘i?ﬁfugﬁat% Fncstt%%ge (41), while

ar ge (52) noves in

[00{%%]e di r‘AT—Ie%E ‘H?neﬁéf gtE@anféP EC%Erggl S%e%cﬁg ?Si)ﬁhlcﬁp's%hﬁnutcfe arc is

arge partlc e as a resul

genbﬁﬂa‘dzf%ﬂl QAidchalze |el¥c’tr¥(fé 1) B5eRdd A cHBBS eldcto8O@H! | A@he tip of
h the electron (51). Consequently, the charged

the @@Hbﬂ @G3R A0 iodifedSih@IV elbdtr yeitl 2 SRegell pdrcolet(BR) by a strong
el ectron (51), which neans that in a singe streaner

 eledllis Qotangiel chalichhar gedl vignt ihel ehafged) particle efSaprrasdhley the counter

| eft 20 behi nd between both the el ectrodes (41, 42)

eledtiodgs (42) 3{dB) 9 sinplb electrivi dschiargges congpletbdir ged particle
(52) conpletes a mgration to the counter el ectrode

[000912) , th¢hietasct the elebiren (1h ecwiting from dondtatigy anovep dn theakirection
the el ectrodes (41, 42), and another electric

of the disphargreclediraderiéBs Whilepg theotberdyand tlz%ch@@émab@de (52) moves in
above, at the tinme of streaner dischar

the @KF“(‘B) odthy cwm%%véa (42)dHraure (Aot Ig%tﬁdthﬁyﬁ %gPil @éﬂlcle (52)

i ntermttent,

: on of the .25 charged.particl
as wéyﬂt of iyt el cloggs mmgsns: SoraRsteoh G 16 elgefien G

Conseguenﬁy, 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 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

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 -
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hi gher than, for e le, (VMmn). [00121 In this
voltegﬁqqﬁwtali igyr ﬂiﬂ"&’@ﬁ O péeak/{}lgn arying-vol-tage (Vp)

[0010] During such a streaner discharge, the discharge

devi ce of Patent Docunent |#, in 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 of the streamer discharge in a . .
chamtteti$tar afahel stwiaper idischirize in sadisshardecdeiviop 1 avhjghngcyclically varying
voltage (Vp) is applied. In the graph, the abscissa
voltage (/p) és apptiedat ]n\xge eraph.tbe thsissq Bis windieseve oty e &) and the
axis is indicative of the applied voltage (V)..In
ordiggfgiaxisdhindigstivelps he gppliedeyodiage Ol  Ingddifion, the discharge electrode
characteristic of causing %_sﬂreaneg dLSchgr e to be.. ¢
has jarharagteastiqphbrrusig 3 stEramin dischagge & be ibgs é‘%ﬁ%@?‘bcaBPn of a

[00@ gg’pmlaiﬂ &%U%'éldit%n, grrh@? %k%?c%é{n% gnﬁ@&){g]g g%%aggr}eé(gpﬁsrbecomes equal to

b o B T TR
e 8 SR G 5 (R0 Bl 1 s

cou SRR IS OF S LSEOLI A2 0y B, Gk n i

elecBb8&hanye tdkisttatedhigrétlet@RiRl difBaie el ciBt(TEPA®Ing the time from
di scharge. Here, in" the case where a cyclically

initi@é1Y bNg stydinted Ueschirga RBlill iaiation bOtHR dehestedaant didrags.4 Here, in
42), the voltage 5Vp) may not exceed (Vmin) after an

the eAsap@ir®h chblicatly saRaigeoleyge ieafplie) ¢ both thexdavplodes @, 42), the
time Qof Figure 6). In this case, the next streaner

voltdges (Vipr gryi it nodkceqar (Wiinitd chfieb aat elapseeoft the distharge eyobe (Ts) (for
t3 at which the voltage (Vp) reaches above (Vmn) for

example, &1 tirs¢ 12 ¢flEigumia)er Inathisalasg the npikt steentir dissharge Lsayat peovided
(Ts). To sumup, the time fromQuntil t3 é? per.iod )

at tigfe t2j b af Hoieddebwhish thmeoltage Y phireeltes pbejie €/ man) fdhedisst time

e e bR 5y 55 B 55 s i
o B 5 80Tl SNBSS SR Yo B, ety
caufFpHSEATEe BREsHBATRetRIOMse (HindDar db D §f §bly Profide a sweamer
s BHBBEPRE or B PR 00, VL Pttt oo
discthgr%e losses due to the aforesaid discharge delay time are made to be suppressed as
low as possible.

[0013] 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.

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.




present invention was devised. Accordingly, an object
of the present invention is 0 provide an inproved
di scharge device in which a cyclically varying vol tage
is applied. 25 More specifically, the present
invention intends to acconplish a reduction in
di scharge | oss between both the el ectrodes, thereby
MEANS K@K SOpYENGHTHRE PROBLEMS pr oduce streaner
di scharges. 5 MEANS FOR SOLVI NG THE PROBLEMS [ 0014]
[001A] t he IBrihemigsent inpentioro Ry thsyspepding yaefthegregyernsty afipevoltage that
. frequency of a voltage that is applied to both a )
is %ﬂ@&(ﬁé@ g’éﬂ’ef‘ Sechyge elerigods asumcapntar glsetryslge it bacomes possible to

bec S possible to . reduce the discharge | osses of a
redB?estgggfsﬁgaraﬁ s§es ot dfsﬁgafgt} W% specifically, a first
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oS o SYiARRE Sishanas dovi e Wi Ly e device, which

o B B Tl O s
S ST 0001 GERBER OB s
ele@Fbdes g?%?b?knegp?&fd’licﬁl Myar itnggﬁﬁ?%e nsbeh B éiéc?l%géslr %Smfél electric

devi ¢ I'T st characteri ze

po%&%p%l@%éﬁﬂs.' OWnAGhd GikéHakRNtvi @188 Fir@MnvehtidAld SakRebrized in
fvV >TSS where (fv) is the frequency of the voltage :

thaht €bl1dvana PRAGREl &:@rdaeibh id AEsfdect rodes and (fs) is
the frequency of the streaner discharge which is

genefvatgd, in the formof a pulse, between both the
el ectrodes. Here, what is nmeant by "streaner discharge
whére €fyg énihy f{efjagricyiof theheltige Whiehuemmtiedfio both ttheedamrodes and (f3) is
di scharge that is generated in the formof a pul se by
thetftequéricpigd thangireamhadigddrgsarhticlt Isegef8@)ed( mabe Firguria Bilse, between
i n other words the streamner discharge frequency ffs) i
bothdh sleptiedase c Hgreo vdiat &f meand Hyotseigamenydigehaegrafregueng (18)" is the
(Ts). [00161 In_the first invention, the cyclicall ) .
frequensy e vistangydlischuge st i gengmatadeiadhe fo UIﬁ%bb¥he lingering
treaner dj scharge frequen

chafged THBIFIA AN G Fiet D othes Wrds ths Erdime lsclaggd fradiency ()
e SRS RUSL LGB GOF, 420 I ot

[00%/]‘:I | C%L |t1¥e ¥igd ¥£J‘e%ti6’1?,'tfqé" g?clﬂc%ﬁ)? V\a{r%flirggagglta%g %]re%ué&\ff) ()fv) 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:




becones equal to or |ower than the discharge cycle
(Ts). If, in such a conditidn, a streaner discharge
is produced, this nakes it possible to farther reduce
the discharge delay tinme at the tine of streaner
di scharge (period indicated by dashed arrow in Figure
7), as 25 conpared to the case where the voltage cycle
( Tv)Ivizsk/Gn excess of the discharge cycle (Ts). [00171
A second _ invention provides a discharge devic
where €6 is the fimeuenpy of thejvieltaga whish it applisd gcblpmh the electrodes and
invention belng characterlzed |n that if k 40[ mi kHz]
(Gma] i be disianaey @%@ﬁ%@ﬁhgﬁ’ SGHiodessi on is satisfied: 6
> k/ G where (fv) is the fr

f
100481 ¢ t agen Wi eRPndsiny Pe@e RS reaRRaLy iﬁé&m%é@ogwa equal to or

.. (G t he di.st t. b t th I t
”hlgfnﬁé[&lgl}mt}pqqa{s%?%%bgﬂ%%g\ﬂgﬁﬂgggt%@ﬁg \p&[se[edag% G- gggﬂgﬁg)ﬁ(}) (gap.
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lenétﬁi%ﬁtﬁv”ﬁeiaé bR EREy S8 ot Blens B Bl S0 Wpency 00
appgilr, Iéc%ca]%(g’g E%qu? %eg}l%gl%ﬁ Hl%teli]ecf Eges (41, 42).

age I S VO

[Oofl%]gquerﬁx)é Aobva k@.&sc{rﬂglww e%!reﬁ%etoqil rg ¢ ﬁ&\‘%%er discharge is

pl y neans ctr

gen[e&%giﬁ HdRorARE ﬁﬁodls% HB3S ene% Bnd: d%a?ﬁ@@ 3. FCghlé’eﬁuently,

streanmer di'scharge is ated i'n the form of

the ﬂhh@&@ngjﬁﬁletdf tﬁ@&le{r%é'ﬂgﬁidlélg (Sf)adeﬁ%@sééa\frﬁh ﬁécﬁeefsﬁ@ the dlstance for
Consequent |y, lingeri'ng tinme of the charged

the RRéTEECh£1i€18 232)d6 edaeR BRScovhich cldetdRAAL )N Pe tthe g IBHARTE), and the
for the charged particle (52) to reach the counter

discHaget fragendyd@y), intregses.t hOn gepothenigind, (He)lingaring tihe of the charged
di scharge frequency (fs) increases. On the other hand,

parti¢ie (32)rigeeasag with iecredsirghtbe ghtegeth (Q)aartdi the dis¢liazge frequency (fs)
increases with increasing the gap length (G, and the :
decefiaseshar fethis wapl drecsjreamen dischargedasipency| (fs) u&ﬁt@nglaygowtwd by the
streaner discharge frequency ffs) is strongly governed
gapblyngthéGlsargﬂaweweW@me (fepuergydfo Han diesronally @ngéﬁdefﬁ@} the gap
can be roughly estimated fromthe gap length (G.
hn@bé@b] In the present invention, the discharge

OnSE T3t e TS B G
s RS TR e B D B SRR o Bionn
expge%g%flﬂ'sn & Ci(/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 (1s), 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.
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20 based on the estimated di scharge frequency (fs).

This ensures without failindg that the voltage

frequency (fv) is made equal to or higher than the

di scharge frequency (S), thereby naking it possible

to positively reduce the discharge delay tine at the

time of streamer discharge. [00211 A third invention

provi des a di scharge device according to the first or

second 25 invention, the third invention being
[002Har acthethe tuird invention, aheltags ioapmigd feratthe ghectric power supply

expression is satisfied: fv > 20[ kHz] where {fv) [kFEL
megns (@hktor hasly therplgetisdes (L, d8) etafe vakingsHigagergpliv kot lgss than the
. both the electrodes. 7 0022] In the thjrd, invention,
dischatgs regyensys (fahpnd et sy %hap@[kﬁi@ct [eacrabyeihe stignsr discharge

ﬁeqn}gggyzgéig fﬁé%@]ég gbﬂ(ézli,)esoﬁgﬁ%{" trggg/gﬁqgéffrleﬂﬁélzc)y({?‘t@d%ggagequaltoor

hig]fgqggt :e%gﬁ@fgﬁggggfgs;ﬁg?ﬁeﬁg@%?%ggéﬁ fég B} i then te
s i P e ARG P dme erid

i DM AU ) o il bS50 e
[oode di s¢ g&ﬂ ?Mﬁh?ﬁ/ g%dvt g(i?lfsrﬁiéﬁ‘g? dbRe é‘c%ﬁﬁ’naglbﬁb ARSI first to

arrow in Figure 6 streaner scharge
thirg AvdABoAL FC RAlrth hPGERE b%irfg%HaH%tériE%’@ R tHap ﬂ)‘ll'o%?_goﬁblational

I schargé device according to one of the first to
expkd3biod id AMemddk ons, the fourth invention being
characterized in that the follow ng relationa
expréspi<anl kd/asati sfied: Vp-p!'~ 0. 1 x Va where (Va)
and (Vp-p) are, respectively, the average voltage and
whérbeVaymmd (Vigte) fim; rédpectivedy, ttlag evendidecoliage apgdlthe dniplitude for the
both the el ectrodes. 15 [0024] In the fourth
voliapy whichongprédicd td bethéhe dlegtrodys| i cal |y varies at the
anplitude (Vp-p) equal to or lower than 10% of the

[0024]er agédn thelfeurgeinyeaijon, & valigdeithal chglicae vatiescat thecarppitade (Vp-p)

su&gly nmeans (45) to both the_ voltages (41, 42%11 )
equaoips@gowat fpn H0Re of dirgeverzeoltagg (o 1o aPPlisdeby, Hier dgfdric power

' supt ?rtée@g l@ﬁ% i@%g»( tthgd(%&tpgqst{gﬁ, 4eZ|).e C(tlgx?sggl?englilﬂle L}‘azﬁgei SF 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
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).

[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
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10% of the average voltage (Va). Here, the streamer

di scharge has such a charact&ristic 20 that sparks are

produced nore easily when conpared to the electric

di scharge such as electric precipitation. For this

reason, in the case where the anplitude (Vp-p) is

great relative to the average voltage (Va) of the
a spask isdigkibitecht is applied, if the voltage that is

lied to both the el ectrodes (41, 42) increases to

[OOQéﬁch 2A Sipfil invesgpoPIOYiAess amjr puidlivation rdevigen avhagh ﬁ@nanses a

spark between both the el ectrodes (41, 42). 25 [0025
dlS@arg%éeVé%@r GRHHIBE 4 Hreemer gissharaed fnbeiritiaed beheeengh éﬁcharge

of variation of the voltage that .is applied
elegtrpdednd acpppgse f%@deizy DV S ot Ol U HRHRE the ir o be

__.__:__.:___treaF{Ech%NtWégé/‘hgt%\;B E:ﬁ%g‘g%g? ‘%ﬁr’é tg%%%ﬁé§ qr%logg{] Eﬁa(rﬁ%erized in that the

alofes Sy AT g o Ay PR B Arapan Bvics” ot b e fist o

[0026] A fifth invention provides an air
fo%?#‘%"oa% I'on devi ce, V\,hi ch conprises a discharge

[OOIQmV' ce iy r%ﬁfl?ﬂﬁjeﬂ@or? rgﬁrandgﬁl‘ﬁg'?{lgg(g%ﬁeo@bﬁhmh th dlscharge

tiate ween a I SC ar ge coun

devBleLLlhRES tof Ry B bf iﬂegﬁtblafor fotu?tht]ﬁv%{tlg;g% \;\?sg e}ﬁﬁlgd Therefore, the

di stributing tthe air t e 5 treate oth the

dlsﬁ‘i de@fasme ANGe e §l dileBmb St RNnitRe £P3hAGERLH a@chce can be

hat 'the aforesaid discharge device isS any one of
mdm&g_dlscharge devi ces 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
EFFECEppIF BdE INNEINSFIONe, the 10 discharge delay tine at
the tinme of streaner discharge in the air purification
[00a8Vi ce leaecopdance sithdhel firsERFBETTS:, Qs Tt geNVENTIbaN: voltage whose
(0028] In accordance with the first invention, it is
voliee Svgeancy (B0 it penal to vrollugb@éh%th@ alischgrgg éxega@@y (fs) is applied to
frequency (fv) is equal to or gher than_t
bothy t]gecq{g‘rbg)@lesf (zlelq éaqc)ln @1&@1}101;1 4n 5@‘61 q)fetae p@ctrgﬁsﬂﬂ,ﬁ@) the discharge -
el ect rodes 42 In addition, in eac
dely &me; gaised (aa 1the 4231 oA hureamet: ischuree 48| e Coagrguenls, the

xs%g&ggﬁé%{ﬁg;%e%%é gt?lrthe eféthgJeg ?41, 425, eregy 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 diséharge frequency (fs) and not less than

20[kHz], is applied. Consequently, the voltage frequency (fv) is made equal to or higher
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di scharge loss is suppressed in both the el ectrodes
(41, 42), thereby nmaking it ossible to stably
generate streaner discharges. 20 [0029] In accordance
with the second invention, it is arranged such that
the voltage frequency (fv) is determ ned based on the
di scharge frequency (fs) estimated fromthe gap
thah el tliscl{ae frdquesciaof aggearentreemsudisshargrallessiiba abauagé [kHz]),
frequency (fv) is made equal to or higher than the
thertibg ohalsige if pesgibéntoy redived thet Hiscledige delky figng ot gesidinp|af streamer
to reduce the discharge delay tine at the tine of
disehargeaner di scharge. This therefore ensures that the
di scharge 25 | osses of the dlschargF device are

[00§blopr ed8addiipe.Hbthe freaumcargnf aolees. (T iasede gavad do af higher than
he third i nvention, is arra@geed such that

bec%g{%&pﬁger fr ]%gﬁ%gg%aé&g} &e?qu])g{enq t'pé %;iossﬂg?e to suppress
noifs GG 4&5%%%5‘%;1% B @tpﬁie? SepbREdiYenar ge

[OOg%E:S blt h%?co%?a%aé Wil t&kflz ér%r%j lﬂ‘éerné § alg%/ a'ﬂ%?igé@sﬂc t}ixar%: the amplitude
(V]HQJT&% (t‘elﬁzgyr?{:ymglﬁﬁ?%r @%la(d%%)ggfél]to l)ploagzg ('teﬁa!ll}a@% bf the average

Volﬂl'g aSSOCI ar %@3 E'ﬁhﬁo‘;«@ e ?EH QW {Rribh %@L{ﬁ@%lt@%e that is

e outputtlng of the voltage

appﬁ’i%& FBolH BB %fecfr@@eﬁ (D &) a@RbY mAAR R ﬂ?ﬁﬁ'ﬁler’cg préRaf aRyvoltage

making it possible to suppress noises generated in

that € gh@d 9 both @he &16RroAbL (41} 4Q) ROWETeasHHRDh ¥park@BE 0. 45As a result,
[ 00 In accordance with the fourth invention, it is

the @eﬁaﬁ(j@ﬂ oBaeark Rainhibited ang khet steb@mer &/petm)rgec)éta‘mh’ef of the discharge
cyclically varying voltage is made equal to or | ower

devideain irhpdived. t he average 10 voltage (Va). This
arrangement narrows the range of variation of the

[0093) t agdntasaerdarme apiph thedfifto ibemtionhey élcetmorsingsa (istharge device
42), thereby naklng it possible to prevent the_ voltage

accorsing te appphe ef theolisbin foureh énventionsdiaty pu air purificpfigpmdevice, it

reaching a spark region. As a result t he generatiQn
becgpics, PopablR ¢ Ledupmilii %&a%%ﬁdiemeﬂ@? pbreime P é‘ﬁ%‘l“}fé discharge in

the BRI Y RS S THLCRS WG ARg ISAa s Pigjeation device,

theregcorﬁgﬂga t1tI Igl %Slgledl S%ab?y %gnqutv 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

d(\fn\ﬁ) thleémppélftn}gégéhe voltage 10




10

~ 15

20

25

according to any one of the first to fourth inventions
into an air purification dedDce, it beconmes possible
to reduce the discharge delay tine at the tine of
streaner discharge in the air purification device.
This reduces the discharge | osses of the air
purification device, thereby naking it possible to
of the disthargredeicatod thst anglainendi schar ges. Accordi ngly, the
~air 20 purification efficiency of the air
pur i Figerat # ois @lesiicos diagrabe forpnoviedric BRYWRE DESEORI PFarGNof the
OF THE DRAWNGS [00341 Figure | is a schematic
empedimgrict i ve vi ew which illustrates the overall
construction 25 of an _air purifjcation device .
accofiamsd s diagkam sdcheproviges erdesqintion of the,pepeiplgref streamer

. Figure 2 is a constructional diagramwhich illustrates

dlS@ &% nsi-deof--a-di-schar ge devi-ce—accordi ng-to-t he

enbaogdi nent .when vj ewed 5ro .gbove; Figure g i S
per SPEWE; ¢ dS i EWRPRHTCRPLY WY ZeReesents L aissPye tﬁ%ﬂﬁ%‘?y Versus
I in sect iI n 10 of the discharge device of the

vo GRS e %}O&élpg, 4 is acircuit diagramfor an

el eoiipl & PONCT SURPLY 15005 6f | LNE. . STOOERL: £E GHEP versus

5is i agr a provides a~déscripti o

VOIEQHFE?)%&IEHQ P{laétﬁ)%ﬁlllﬁgrmr 5 di SCharge; Fi gure 6 IS a

exa h represents a di scharge frequency

ver S]ﬁéurevip El?cg%\?\‘aj TSE;IEQ%&P YestR| RhvaN 8D Rambi h8w'the SreBitionship

gr aph~exanp represents a di Scharge Trequency

betWBESUSchaRftafsnchaad yena frRuBhdyQFEbishe diSclatd@Het1ydime;

shows a sinulation resu derived by exam ning how t he

r el atip@eshiiPa degihveaithdicpebaiiga dapeluahcyerandlivibatg@gequency

frequency affects the discharge delay tinme; Figure 9
reldt®nshigr aph whi ch represents a gap | eng-th versus

di scharge frequency relationship; Figure 10 is a

di agfigmevfiich dipgowm dbshaproadesra desemptionfoftiredidihmrdeachgmcteristic

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
(fs) discharge frequency

(Tv)  voltage cycle
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15 of a conventional discharge device; and Figure 11
is a diagram which provides d description of the
di scharge characteristic when a cyclically varying
vol tage is applied. REFERENCE NUVERALS/ SI GNS I N
DRAW NGS 20 [0035] (10) air purification device (40)
di scharge device (41) discharge electrode (42)
counflsy eldsthargdey@ld (45) el ectric power supply neans
(fv) voltage frequency (fs) discharge frequency (Tv)
vol tage cycle (Ts) discharge cycle BEST MODE FOR
CARRYI NG QUT THE INVENTIONI%E An enbodi ment of the
BE&TeMQHEF%ﬂA%RYmG&EM dNMENIIQNer ence to 5
igures 1-4. [0037% Figure | is a perspectlve vi.e

Fi
[OQ%?ch i Apyembediment A dbe) PErseRt MYRRED An described With reference to
purification device (10) according to the present

- Figymsdat-nent -and - Figure 2-is adi agram whi-chshowsthe~

urificatio en vie

rodIg de&ﬁ%@%hﬁrﬁa[@% PRtk Ay Sicto Eub el e?@yd@fdsm&mer an air

SO ITIRE R %%Vskf‘ftiﬁ%f?g e gl 1 disgram
whfclﬂeshﬁvé g}{y’ifﬁlﬁé 89’&1'6 %ﬂ &?}? ;ﬁﬁgﬁeon( fevige (f((]])a‘pltl&' ‘Flewed from above. This

i'on devi

a1rg ﬁéﬁ'bg QetikP gl a{ﬂé@f&ﬁguﬁ& APPSRl d!?\%\é 1n'ie§ﬂ@@ E(ﬁtu% fh general

asna str di schar ge and purl alr

ho%s%ﬁ‘tﬁ&fﬁld""kﬁlﬁ'lltﬁ&e@ din0hddilgn, {h@VWait eﬁﬂ?ﬂcﬁﬁdﬂ %[eﬁ'c@s(‘i@) is an air

The air purification "devi ce I ncl udes

puR&ting dedid} of HhEe s6aBi1Ew st(r%er'cﬁsch&@e@ﬁ@ alioted t@ generate a low
box-1i ke casing main body (21) with an open end

tengidrdtiae planch 1By §ifaafier Alsali®Rge 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

‘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
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
frdm 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
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(22) which is placed on the open end surface. An air
suction opening (23) is fort®d 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 bl owut opening
sectigr 640 dread peeceier B), aheommnmaat(&bfanteﬂ@trcasﬁm lter2(§3) and a

s Rharlond i i ASTEE AR ERBEREH s deluay temperature

plas(n%aSI)okﬂ%gAg&? op%e 1%1.I ﬁ%ﬁg’é‘% ()Sr%% tu?tg g gﬁizr for n;?a%() (1,35&1 tIH %ddltmn
an d1&cthid o subﬂlyq{%eahﬁ @@) sk ths d¥Bdeed &’e\fl )8 (;)?(Wiclfbdt 1the casing

alr passageway A functlonal sectlon

mamrtroldy@h)goﬁ/tae |aﬁqmr1ﬁ|cait1q@mdvidec(a0) orMerenpocifcdlly, thatelautdc power

a-centrifugal--air-bl-ower(-26)-confi-gured-to-cause room

T' supplyrmeags KA5) ds bpatmb@@@@nt tortheirgiar bmomsadfr offhe sasipngin bedy (21).

e di osed

(0044t he . rpé%fl;tglh m&gg gel];\l\egy % &)I %‘x}tt nat and coﬂect dust of
relap%i&;?@é g?ﬁ 'c@ntﬁ'ng(!lj[nethgll 0 O %J‘l%& 2 osé%(? ﬁf?}%é\g@s st Bhfelatlvely

roomailr. sequence

smdll 978 pirgin: ?' tHRugh tﬁel@effﬂi(égg)]mt@tb% c(hal?@ed elddtridaBy. The electrically

functi ona section are a pre-filter (31), an

- chaiged idpsttis cmtrqp@cdl afd3@)lectadh be Hecdsatmstatic Gltei 436)311151Q®3d downstream

of %wnguglg tagli ﬁégu%l'@! fag{%ﬁlf %@gﬂ@ﬁ@fg ol evh{ﬂﬁ“ﬁ%%nlzatwn
11neg g%%;ag%legtﬂl %gb? tf'(%g%% {)@g at fﬁje g& ?fre 1|oglzat10n lines (35)

ext&ﬁﬂﬁWeeﬁQﬁ@ﬁ)tp(eﬁﬁ)amﬁ fHe Hoﬁ@m@nﬁ%@%éﬁ%n%ﬂétﬁ%rﬂ ﬁg) atl éVen intervals.

provided in the casing 5 main body (21 air

Eachuonifzatiat foen (38 lies en (@1gle Matual spdiadef 1hq1mlrdll)el withethe electrostatic
el ectric power supply neans (45) is |ocated adjacent

filter §33)he The gpuser ¢lestndd 4Dfis formed 1y adilgelmgaﬁpdb@@lybqrzl@ymg a Cross

 seotigiufi g BapLRf ALAPIEY @%f]ﬂ%a@etch%ﬁ%{g 5 W R kg § Ffcpangutar shape

wmh glifﬁdé hﬁ&rfggﬂto@l:@?gnd ifs éﬂ%ﬁ fis loEQII%F o thZ Rbl Q. P dch counter

causes atlv Sl ze passing

eledidda® 4) it Rerafsed- lfelt\lvéeﬁflolﬁ@éﬂont liheb g35handeat it is positioned parallel
electrically. The electrically 10 charged dust is

to teenionizpiierlingsd38)| 14t eathivpunthecletterder(d2) iajoived; it iteppen part, to
mﬂB dIS osed downstream of the ionization part (32).
a sl %HF%%P Ggh part (32) |s made up of a plurality of

[Ooléﬁglctz rat(’)['(}]@'ﬁ seﬁ%?g aellﬁce %IPE qlu{pgaeé(l; ?Né}l on¥ 1It)g gfjc][ﬁts%{éarsge electrodes

(41 3Bd 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 elecirode
(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
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extend between the top end and the bottom end of the
i oni zation part (32) at eved3intervals. Each
ioni.zation line (35) lies on a single virtual surface
in parallel. with the electrostatic 15 filter (33).
The counter electrode (42) is formed by an el ongated
menber having a cross section in the shape of a
fropdpe faing ek 448 is aanped eyuch Ethat kaoyns ubstrietially parallel with a first

surfif GR tShe FOPET cbrbies OB ¢ hosadiam, S gsionsaoptieen the tip of

incRLEE SRR 0Pl P BTG BECIGFG QIR e e
gaﬂl@ﬁ’%th‘{’(}) 384 BAAm| iﬂ“tﬁ§%31(e§é1)ten{66§’ime%ﬁ‘3h counter el ectrode

oi ned, s open part, to 20 a single nesh
[00p4ht e (’ﬂﬁ)catal_l}@ﬁéfﬂi]er B4y iddissdsad gewdﬂtehﬁl&)f(tlﬂ@éledztﬁostahc filter (33).

-Wi-t-hea Iurailty -of--di-schargeel-ectrodes

:."Thf( Qﬁtalseg% Elter @dlist @Hneéll, Exstexanple; h_vz)i hpa@fcnglbtsh@cwr%@foaﬁgte which
t tr
SurREY o0 THS S oG oRSChE GABIEh SBIR KUOh G LAY of the

maR@bsel @a@ﬂlgr ang dhifstsdbs ?ﬁbaﬁjga%ho%k efﬁét'ép?ﬁ? e}(('} que used. These

positioned in the insrd e assoc

catﬂjrﬁﬁitaf@d@pab% of 4iZthek asetingtinghBigHireqdialtg %uﬁzitﬁﬁ:bé QE&ent in a low
(41). [0043] More specifically, with reference to

tempexgiire Plaswhd qdenérstednbye nélestye dligrargee etd \wepahle enff gromdting the
di scharge, devi.ce (40), an el ectrode hol di ng nmenber

- decpppppsion efrmi substancey and qdgrous sukstances inghe e i nsi de

0Bl % 5 o S B ) R BLBE e
poWb‘i"s 19 NP eds) (agf %)featﬂ%eoﬂhé ?fk@érﬂ%ﬁa‘nﬁﬁﬁ OGR4 he electric

is alinear or rod-1ike electrode. The discharge

poved supplp deadsi(iF) smuide apiofig high waitagé pows supplgreohinel part (61) and a
fixing menber (44) is arranged, such that it runs
high yP¥ISERAVEE ISyDRbR EHUiEPari(62) alhe high volage paveer (supply control part

R R e e
addfit, Td g SHIERE Bol PRl chri GEUILSY sCLELAAE, (fPNischarge

gap e prese

ele@rm‘aemryenato&e[c:@@ﬂ&]el%tmemal ytic fllter (34) is

di sposed downstream of the electrostatic filter (33).
[0046le catlaehigle volthgeepowd43upply tortrd dyart (1) drelngése p kbgh avoltage
~_honeycp tructyre sybstrate which supports on i
povp, The B3 3 AR dE 2 PImRRE S@ﬁt%ﬂvgfgt supplyy ms«% sopigRle (64) for

con?ﬁllﬁgttl?el ]?(1 111%1?4 eiw?%}sr %@E%&%ﬁﬁ y and catalysts of

reci ed. These
[0047] The hlgh 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
(S12). In addition, the transforrﬁer part (67) has, on the secondary side (smoothing circuit

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




catal ysts are capable of further activating

hi gh-reactivity substances gdesent in a | ow 10
tenperature plasma generated by electric di scharge and
capabl e of pronoting the deconposition of harnful
subst ances and odorous substances in the air. [00451
In the followng, with reference to Figure 4, a

magd¢ peniurtive/mouaenidactvfe tyhtheainédt of the trmaistor (6@ Mherabairisboosted,

bl MedsedTHlE de eraeh bt 6 ”@%@%Eﬁrﬁ( opd) (FD). On the

oth?%;gﬁendgﬁraﬂ% @gﬁﬁ%h%a’e %ﬁc xg B gzgv\g)séﬁd %ID f,&fg ?Er)l(rt:a cI%gI;:n ing on the

sec()@?a}y sfﬁéevdﬁagé" 1§’ %Eﬁé%&@d p%fheslﬂg@éeﬂ FRRLE d@t%EtIéd Ky@iﬁ output
the high vol ttage power supply circurt part (62

, vola:rge detean@qiaemtﬁﬂpgéltﬂeemtput noltztgd(iﬂletebmg pdrh(69hlsg:bnﬁglluédi,gaﬁch that
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it sends Shbaabnogndsignghie t

UVVUI DUIJ I y Crr-Ccutl I. Edl I. IS bUIIIIUbI. UU I. U I. IIU

OGIee | eii?ntmﬂdr d), tfw'eeX@mliﬁ, é‘theélﬂlﬂ:t‘lleﬁ@u@ry side
42 00461 T

ookl e &' o 0 o8 s S

[OOﬁ%it r\(’)\’I’I]Ih%hsnIloé)iI? ? é:'}ljgﬁllig @Ir %eﬁol ne tI)K fbﬁ ﬁ.m‘llj?e]n% @ockeroft circuit

whitBVYEh capdtirbdiotie Chinbindabh. (Br) smddivd Jalrzﬁlﬂe (68)db conﬁgured such
vol tage power supply circuit part (62) includes an

thaos sinlobthtnng velitaze Lhobstec@ 68J amplifiechinsthe Bcnon(lﬁﬁ)s;daaﬁrst co1l (821) of
transforner par snoothjng circuit (68

the rgnsfen paré Thand 4PIPLIF$ %@Y%ucal&ﬁﬁrywssyh%asﬁp ibath the 9169%55@ (41,42)
th{logclllb‘,ﬂ%?gaett(#1 gctes(gggnal) to the 25 transistor (66)

re Sistor (66) is turned on or off. In

[005@6I|g' ti QR thel fedcBERAPSEMER, tHer% ;ﬁi’x‘f‘wﬁ%foﬁﬁ oI‘Q%oItzE@r\ﬁl'll%ﬁ W applied

the transfornmer parft applies a cyclically
to bmln yl‘lemjectmdbst eided2yistinahs fﬁmlt diﬂ mgnmoidah wtavé,68)shoWndn Figure 7.
transfornmer part (671 has, on the primary side

The exsds of Bis ygtees (baive tggq:l@)cle & v isreapgl tgméowerrt}mn s gycle of a

oS B B ST B, a6 e of vt
whRRGORAREN & %ﬁh(efégﬂ%ﬁ@ (lﬂ Q%B%Ié tv_?ﬁge)gesfrg(ﬁ% encf (fv&) is equal to or

secontiary si first col

highdritisdn e frequehdst bf & §ulfsﬁh@%&bﬁﬂér)d1%ﬂargﬂ'@ﬁe dlscharge frequency (fs)).
conducti ve/ non-conductive by the on/off of the

[00f}]lansi $n @dd1(16ﬁ)the \nﬁem@bylpaofbbggpbage frequency (fv)[kHz] with the gap

ud C t ener n the
len%tgp(:ﬁva &é’%ﬁ&fzjt I 8?@??]) WWisee el‘hés the rrxpermpgtally found
sego, d
coeHIH %nggtlélg eiggé T III tl%xetﬂg gegétﬁ: &%%%Im%lgrlthe%ﬂgge Frgquency (fv)
is eﬁ@atn &b t@} @thheAthen t8|.”kﬁ[kHEP.| U%ﬁth&%&r@,&ﬁe bpeide Q)tf%’e Pyt (Vp-p) is
out pu
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
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5 voltage detecting part (69). The output voltage
detecting part (69) is confildured, such that it sends
out an abnormal signal to the controller (64), for
exanpl e, when the secondary side output voltage is
abnormal . [0049] The snoothing circuit (68) is forned
by, for exanple, a Cockcroft circuit whichis a

opasatpsue thearenttifoghl audribwma(ﬂﬁbrs actiated mbetchy meprg mrrdipws through the

IS C ur ed, hat It . snoot hens
air %‘15%%@@3’6255519 alga(ﬁﬁh e ltl?flstl%@li%gefsnfasré&fﬁ%cw@wer supply

el 5 e AL 05 0SB, K T B

de‘ﬁ<4e]{40ﬁ2)At @fs tirhe acUo‘I’tﬁ hRe B8 & liffbidal @Q@@dhé&e TP applied
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streaner discharge (the di scharge frequency (fs)).

entfapp&ildnd eollactdd by tlirs eledimstast filteo@3hi pAsfiesctibed/atidvagrborne dust
frequency (fv)[kHz] with the %ap 20 length (?)[m% i S:
parti¢lgy ol lapge sizq.and wyglhsipe asgrrdpestiemavediby gs@;féﬁ iven {3 japd by the

| electtrr%{égcf‘f {33:'0 ent and k = 40[nm kHz]. In the present

‘he vol t age frequency (fv) is equal to or

[coBsEher rf hpo d&clﬂrgé"ﬁ]mcé: 0 hﬁ{eg%[l? un&ﬁ'ﬁoﬁﬁﬁl 1h{0u§1% 195123.1:1011 part
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EFFECTS OF THE EMBODIMENT

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

[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.

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




air passageway (25) in the casing (20). In addition,
inthis state, the electrictipower supply neans (45)
(Figure 4) applies a voltage to the ionization part
(32) and to the discharge device (40). At this tineg,
a voltage in the formof a sinusoidal wave (Figure 7)
is applied 5 to the discharge device (40). [00541
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appaachesat eduesqfdl; ittesdisohaige delay tinkeinewgasebytic filter (34),
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cyc@gf%ytthé AtehdrPE deRYMirhd i&Hdg ho}\n_@'uﬂba[ntl | ig¥yesde. OdAkd@ently, the
EFFECTS OF THE EMBODI ME [ 0056] The air

dlsﬂia['geflbssat obithe discharge {50Je @6) inkeags. eSmthe ethisotande i (Ts/Tv) 21 in

provi des the follow g dﬁ%ﬁ?«fv&f?@ﬁ?&&%@ &S discharge cycle

de equa hi gh
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disétasde deiyotitne, thékby tiakingis phaitietodeffeativaly neducp e discharge losses
i ndi cated by dashed arrow in Figure 7) at the tinme of
of the disclmsge diva{dfye can be nmade shorter.

[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.

[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 fm_md 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




30 [0058] This is explained with reference to a graph
shown in Figure 8. Figure 81I6 shows a simnulation
result derived by exam ning how the di scharge del ay
tinme at the time of streaner discharge varies
~dependi ng on the rel ationship between the voltage
cycle (Tv) and the discharge cycle (Ts). In Figure 8,
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Tv) becones equal to or less than the di arge cycle
(Ts) the di scharge delay tine becones rel atively
short. In other words, if the voltage frequency (fv)
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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




i ngering charged particle (52). Therefore, the
streamer discharge frequency#8(fs) is roughly governed
by the tine for which the charged particle (52)
lingers. Figure 9 shows a graph which represents an
experinmentally found rel ati onship between the gap
length (G and the discharge frequency (fs). The
Wa@ﬂf@phe@hmaﬂt lnag as ivediesieyelirallyange where the 30
streamer discharge is produced, the discharge
frequency (fs) is roughly a linear function of 17 the

éé? e relationship is: fs 40/ G

[N€QSEE?Aﬁﬁn¥ (%%ggggﬁPenbodlnent t he di scharge

[00bTEAUENCY his§ Bdenl &s&%éd%@g fteOpReddne m@ﬁﬁ&ﬁ? ffnﬁk abbld@bn in a
expression_and the voltage frequency (fv)

dlsﬁﬁtgrdﬂvme(hdbﬁséd) odust hestreg@add dI&tkﬁfkedbSiBhﬁﬁg&dfbyeapphnﬁmn of a
e § IL' “t-herebyensuring that-the voltage-frequency (fVv)-
cyciiga

Herongeyeltaget ond furtheyhrdst rpplicetien i $ohalr garilication device

f.requenc result, the discharge |osses of
CqWpE d‘f@rﬁ\ﬁ‘ﬁlﬁﬁa Sawg%@evé%@) can be reduced without
failing. [00631 Furthernore, in the present
enbodi nent, the electric power supply neans (45)
applies to both the el ectrodes (41, ‘42) a voltage
havi ng an anplitude 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 el ectrodes (41, 42) fromreaching a spark
region. Accordingly, the generation of a spark is
inhibited and it becones possible to inprove the
stability of producing streaner discharges in the
di scharge device. 15 OTHER EMBODI MENTS [0064] W th
respect to the aforesaid enbodi ment, the present
i nvention 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 vol tage frequency 20
(fv) is equal to or higher than 8.4[kHz]. However, the
vol tage frequency (fV) is preferably equal to or
hi gher than 20[kHz]. In this case, the discharge delay
time is reduced, thereby making it possible to reduce
t he di scharge | osses of the discharge device
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and, in addition, the frequency of sound associ at ed

with a voltage (anplitude silgnal) outputted fromthe

el ectric power supply neans (45) is nade higher than

t he range of 25 human hearing, thereby suppressing

noi ses in the vicinity of the electric power supply

means (45). [00661 In addition, in the aforesaid
CLaxIdbsti nent, it is arranged such that the electric

power supply nmeans (45) outputs a voltage whose out put

WHATGISC(EIQAIMM)E nusoi dal waveform However, the

out put waveform of the electric power supply nmeans

(45) may 30 be in any waveform such as rectangul ar

wavef or sam#tooth waveform pulse-like 18 waveform
L et cedischarge Pb‘ﬁ?; which cogipripessa pJwpliyapl gischargepelestrades and a

APPLICABILITY [00671 As h%éﬂbeen descri bed above, the

dlsaﬁféch} gl‘ggtph%pg%g ecigg/iq dk?:yzgplay\%grayf: xcally varying
vol oFltt?al gg’t ndlef gr\rg%l%gtl}orgcfﬂﬁdﬁb | I Cﬁyg@gﬂleag{lsgng(grﬁ&, élée following

relag%}ééa '?(preﬁlonh Mg WHAT 1S CLAI MED 1'S: 1. A discharge
conprlses a plurality of discharge

el ecgrpges and a 5 counter electrode facing the
plurality of discharge el ectrodes, for causing a

whé{a (B3 €he ﬁ%gﬁ&ﬂ? b9helvaIthse Whikh llsaépapﬂe@ & ¥RE %ebé?éctﬂroﬁgkeand (fs) is

el ectrodes y applying a cyclicalfy varying voltage
the R qR&HH of IR RleBGES dl?&@l'glfe eI IE]s@Rhérhed PRMRE fortRiTlaYpulse, between

nmeans, wherein: the f owi ng Telational expression
bmh$m§a@ﬁﬁﬂb§d. fv > fs 10 where (fv) is the frequency
of the voltage which is applied to both the el ectrodes
and (fs) is the frequency of the streaner discharge
which is generated, in the formof a pul se, between
2. bot Aht kMsckdrge dewaobest.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)[mun] 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:
Vp-p<0.1xVa

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

ISehargs slacHodes, g"ord F%‘{?H{%’ @estreamer.:. e




2. The discharge device of claim1, wherein: 15 if k =

40[ mi kHz], the follow ng ré0ati onal expression is

satisfied: fv > k/G where (fv)[kHz] is the frequency

of the voltage which is applied to both the el ectrodes

and (Q[mm is the distance between both the

el ectrodes. 20 3. The discharge device of claiml or
voltagaiwhich is wpiedito bothttheeleatddos ng rel ati onal expressi on

is satisfied: fv > 20 [kHz] where (fv) [kHz] is the

frequency of the voltage which is applied to both the

el ectrodes. . 25 4. The discharge device of one of )
5. cl ai i@ air purifipation; devicchaviidl Fombrgss reeligehasgraflevice for causing a

expression is satjsfied: Vp-p:~ 0. 1 x Va where (Va)
stregRigr digphasgedopde ipitiatsd detweamya disshargs leciigde gad e £guntghelectrode,

t he .anpli.tude for the 20 .voltage which is applied to

5. for RYINR i e e 0% cistrline [ 7 16 s GrLeRD

ich conprises a discharge device for causing a
dﬁ%??%%ﬁ@Fﬂﬁ?scharged to be initiated between a
di scharge electrrode and a counter_.gl ectrode,, 5 for .
our i 1o Gt Ayt e s a0n gne Pt fetrrTeE deriSenr s dorth i
clailg theated between both the electrodes, wherein: the

atoresai d di scharge device is any one of the discharge
devices as set fordh ine clains 1x4. «
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