| 23. SEPTEMBER 2003 SPECI FI CATION Method for C eaning Air and Appar at us
therefor, and Method for Hum difying Airl and Apparatus Therefor TECHN CAL
FI.LELD 5 The present invention relates to a nmethod for cleaning air and an
apparatus therefor, and to a nethod for hunidifying ai%® SHdEXB5S280%s

t her ef or- BACKCGROUND ART Various conventional air cleaners utilizing
fans.and filters are known. The ppPREIPCATION hese air cleaners is to nmake
air pass through a filter compul sively using 10 a fan so as to nake the
dusts in thé\d%tgiad bes (dagting A4 avg Anperatis thenefort andrdbtpod fardhimidifying Airr. | n
nost of the usual air cleaners, the fan and the filter are conpletely
separat ed &nd ARPAttysekheredgr t he fan is blown to the filter. Japanese

Lai d- open Patent Application (Kokai E No. 8-206436 discloses an air cleaner
based on a sirocco fan of which L. fIELPade of a filter so that air
flowis nmade to prass through.the filter 15 fromthe inside to the outside
t her eof> by r ot at iThg prasentjinysaitipe relates gy emythet damdlengingrar atidran apphiBQISOSURE OF
THE | NVENTI ON An obj ect of the present invention is to provide a nethod for
cl earing ai theagfer. aaf tap medloddpehunisfyipataieandapparatyy thanéfoh t he air cl eaner
can be made nore conpact than the conventional air cleaners when the
performances are the same. Anot hBAGOGBOIBID ARTt he present invention is to
provide an air humdifier based on the simlar principle to that of the
air cleaner of tNernpnegwwentiambar clemnerpytilhing fans hred filters atethmosdnf | dhecan be
made conpact. The present inventors intensively studied to discover that by
bendi ng a f prinaiple afthase wagleaptrapetoanakeyr pass tiroupd a fileer compealsiviety wséig , t he
filter serves as both bl ades of an
10 a fan so as to make the dusts in the air be captured by the filter, thercby cleaning the
air. In most of the usual air cleancrs, the fan and the filter are completely separated
and wind made by the fan is blown to the filter. Japanese Laid-open Patent
Application (Kokai) No. 8-206436 discloses an air cleaner based on a sirocco fan of
which side wall is made of a filter so that air flow is made to pass through the filter
15 from the inside to the outside thereof by rotating the impeller, thereby cleaning the air.
DISCL RE OF THE INVENTION
An object of the present invention is to provide a method for clearing air and
an air cleaner using the same, by which the air cleaner can be made more compact
_than the conventional air cleaners when the performances are the same.  Another
20 object of the present invention is to provide an air humidifier based on the similar
principle to that of the air cleaner of the present invention, by which the air
humidifier can be made compact.
The present inventors intensively studied to discover that by bending a filter
into wave-shape and by rotating the filter it self, the filter serves as both blades of an

25 impeller and a filter, so that the air cleaner can be made more compact than the

conventional air cleaners when the performances are the same.



25 inpeller and a filter, so that the air cleaner can be nade nore conpact
than the conventional air cleaners when the perfornmances are the sane. 23
SEPTEMBER 2003 | a According to one aspect of the present invention, there
is provided an air cleaner conprising: a disk: a filte3 SEETRMIEBROE

peri pheral portion of said disk so as to surround an inside area of said
di sk, which filter is bent into a wave-s$hape such that irregularities of
the wave are forned in the radial direction of said disk, which filter is

el ectrically C(A'&gbiﬁfn'g\{gong%gp&ft o?fﬁfeeprgéeﬁﬁ‘iﬁ\féﬁf?&w %érérw&@vﬂdgd tah%.r'qr@an@ﬁ ar ea

of said filter when Said cleaner i's viewed fromthe axial direction of

sai d di skCompHEFRI:f or appl ying el ectric voltage across said one or nore

el ectrodes and,sgd filter such that corona discharge continuously occurs
between said one or nore electrodes and said filter; and neans for
rotating said @&ifdir foxeedral AgeriBherRbpeiéen 25 saidtdig se Ae tprsegentd BRVRSKS on,

there i s BroVb0edd WskAwhichClIBAREbeRORRY & S8 shdpdisiéh tidt firddubdriboftk ON a

peri pheral portion of said disk so as to surround an inside area of said

di sk, whi ¥8V¢ gre fermedingbe radial diseetionenf saislithisie WhishHiltehia elactricalhlsandrelives of
the wave are Hgé MpdnbR énlaetrasml Blrartdet th%”sn@fdesﬁrbg &%'@ehd e WReh Yaid

rotating said disk; neans for blowng steamto said | ter from outside of
sai d filt€leaney is digiwed o e aiial digeolian ef sgjédiskat ed by condensatl on of said

steam a passagant & dpplyiHgBesAt JoRjeSicrd $Ad Bnd BPkhordBctrodes and said
filter such that corona discharge continuously occurs between said one or more
electrodes and said filter; and

means for rotating said disk.

According to another aspect of the present invention, there is provided an air
cleaner comprising: '

a disk;

a filter formed on a peripherat portion of said disk so as to surround an inside
area of said disk, which filter is bent into a wave-shape such that irregularities of the
wave are formed in the radial direction of said disk;

means for rotating said disk;

means for blowing steam to said filter from outside of said filter;

a tank for receiving water generated by condensation of said steam;

a passage for guiding said water to said tank; and

- means for decreasing the rotational speed of said filter.



means for decreasing the rotational speed of said filter. 23 SEPTEMBER 2003
2 According to the present invention, an air cleaner having | arger surface
area of the filter per volune of the product (i.e., conpact and having high
efficiency of collecting dusts) than the conventional “iTEFCFYERFE0Pn
which the fans and the filters are conpletely separated, and than the air
cl eaner disclosed in Japanese Laid-opeg Pat ent Application (Kokai) No.
8-206436 in which an inpeller is encloSed in a filter, can be attained. 3

23 SEPTEMBER 2003 BRI EF DESCRI PI | ON OF THE W N i i gxpl oded
perspective vi ewheordingrte the prasend HYSBT e AL agf%fétaﬁeerq%vfd gqagéé%l%?&ggcor ding to

the present invention. Fig. 2. .sho the air cleaner tal §senbl i ng
't he menber sofsthefici persvobiyrae Oﬁthelﬂr‘\égucégies’ Cgmﬁﬁ?tﬁngl%ﬂﬂgu?ékg%§@é§%l oded vi ew
of an enbodi ment according to the present inventi g WhlGhe aisgal i ng
plate is arcclleging dvstHbaryths CBEY%‘QHaItaI’fecqeaﬁlﬁlﬁéP “Fehrll%p%lte f?’hse filter and the

upper casing so as to reduce air flow passing: Jald-opbh Fig. 4
shows the aae complgidy seprarhapdyha @‘géﬁbcﬁ‘?aﬁfj[gcp (gss(r%gg{gé?%ahs own iog: Fig. 3

" (provided that the upper Si, i vied).. Fi g leSisEne &R Elter,
cross-sect i Batamnt &P@Wagf’nﬂﬁ %}nﬁocf—ggﬁﬁ% 1§ﬂ%h\}\%ﬂ:+xﬁr@és_ 3Mand 4. Fi g. 6is a
schemati c cross-sectional view show ng a preferred enbodi nent of 15 the

air cl eanercﬁtl@ﬁﬁtﬁlﬂfl?ﬁl-to the present invention, in which the air flow
passi ng



t hrough the gap between the upper end of the filter and the upper casing is
reduced. Fig. 7 is a schematic cross-sectional view show ng anot her
preferred enbodiment of the air cleaner according to the present
invention, in which the air flow passing through the g&BEEMRER 2088 upper
end of the filter and the upper ca5|ng 20 |s reduced Fig. 8is a
schematic cross-sectiona W Qf ! ool R of the air

cl eaner according to the- it Siatine)y R AR igh electric
“potential is given .to the.filter hemat,i c.. cr oss- secti onal
View of another  bietds ?wpé%dféamﬁtﬂ%f‘wg? ¢ ReFTelTed ROt Al Ul ng o
_the present fnventlog ggh el ectric potential is given to the
filter. Fi gy g@h%ﬂﬁﬂ?@“ﬂtﬁg ¥8ctional view of a preferred

enbodi nent of th SEPTENB R 20 cl ean cording to the present
invention, in \mF@hzfﬁ% Wy the @ © ?aéiefg‘?qgﬂﬁﬁi‘ay %ﬁ%ﬁ‘nﬁ{mﬂwﬁ“@ﬁnw@& @8t ent i al
IS givsn to th? electrode. Fig. | | is a schematic cross-sectional view of
anot he preF%ﬁ ed enbodi nent  of the air cleaner according to the present
invention, in which,the fi.l nd a, high electyic potentlal
is given to the 'Ige%tlﬁ‘%aaerbaﬁﬁ‘ﬁ awf éi &C‘g‘eﬁ‘e{ﬁiﬁvsm@wﬁ?“&%@?@ 0 vi ew of
still anoth referr |nent of he air a accordin to t he
present inv t Gt ‘inhe t:'f'i”t’ ‘éh?F‘Tath@lgpqt?Sd‘r“@Bgﬁjg‘B g‘h%?pa DIVEH Bf ectri c

potential is give trode. 13 is,a schematic. cross-sectiona
View of st.hp%aﬁtff biheitEr € Bt bR stndiondic o teRE R bevish GPUEE cor di ng

to the pres |nvent|on in which the filter 1is grounded and a high
el ectric po 8ﬁ al is given to the electrode. Fig. 14 is a schematic
cross-sectional yiew of stil not h referred

8 I\! ig. XV shows the afr cleaner o talﬁedeby assembling the members shown in

Fig. 3 (provided that the upper casing 1s removed).

Fig. 5 is a schematic cross-sectional view of the air cleaner shown in Figs. 3
and 4.

Fig. 6 is a schematic cross-sectional view showing a preferred embodiment of

15 the air cleaner according to the present invention, in which the air flow passing
through the gap between the upper end of the filter and the upper casing is reduced.

Fig. 7 1s a schematic cross-sectional view showing another preferred
embodiment of the air cleaner according to the present invention, in which the air
flow passing through the gap between the upper end of the filter and the upper casing

20 is reduced.

Fig. 8 is a schematic cross-sectional view of a preferred embodiment of the air
cleaner according to the present invention, in which a high electric potential is given
to the filter.

Fig. 9 is a schematic cross-sectional view of another preferred embodiment of

25 the air cleaner according to the present invention, in which a high eleciric potential is
given to the filter.

Fig. 10 is a schematic cross-sectional view of a preferred embodiment of the



enbodi nent of the air cleaner according to the present invention, in which
the filter 1is grounded and a high electyic potential is given to the

el ectrode. 15 Fig. 15 is a schematic croSs-sectional view of a preferred
erbodi ment of the air cleaner according to the present? |Sr?\?é_ﬁMB§ﬁ,20Wth
which the filter can be back washed by blowing steamto the filter from

the outside fcléalﬂgr JC'Cl)Itd?I{ to%pii_sé M;'Pﬁn):m CAB@XICN%%CT-EEEFO&Iescr | Cp\l A

.preferred e odi ment of t sent I'nvention Wil Bel 20

referring t%éo%écmé F@@% idis é:k,gn to tflé SlefiofX Pl oded perspective view of a

preferred I men hearr cleaner of the air humdifier according to

-the present inveg CW is aﬁ!hgmaﬁ%ts.ggy\@echlgﬁalq}léw ék grﬂ)@%fr p%fer%c{ enth TN

obt ai ned by asse air eane{ shown

in Figs. 1 apgd .2 rcccr +§&&&%@ﬁé&a@}ﬂ%\%& 15&5%}&31 théf*,;]te&fs glrg qu“d

al ong the peri phera portion hown

surrourgds 'Qﬁdﬁﬁ;gt%e?‘?ctr% 5t9rﬁa‘ii'i %I ik Oﬁgglﬁ&poedgllter 12 is bent-into

wave- shape suc egu ari e wave are forned in radial

di rection of thep gﬂ 5 9 eenbhafO A3 SERTERERRAIRT R o

al though the irre Ies o er are dep| | and 2 in

d I h
cont er | ther Eapo@iiEhl fr b REha a(c?*ffdﬁ%ub el %ﬁ.v%féﬁo‘é‘%‘ri’%wﬁ%%tfﬁ%r as the
1reou ?;;tzoe&%mdﬁgg f@%ﬁ%ﬁgyyéﬁw L BSeEEbELRRAST, I o acent 1o
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d d fr h h f h
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b ok 107 solstib@ue8 U84 b nih o Sore G Shiven Bt plebifbae

Fig. 14 is a schematic cross-sectional view of still another preferred
embodiment of the air cleaner according to the present invention, in which the filter
1s grounded and a high electric potential is given to the electrode.

15 Fig. 15 is a schematic cross-sectional view of a preferred embodiment of the
air cleaner according to the present invention, with which the filter can be back
washed by blowing steam to the filter from the outside of the filter.

BEST MODE FOR CARRYING QUT THE INVENTION

A preferred embodiment of the present invention will now be described
20 referring to Figs. 1 and 2. Fig. I is an exploded perspective view of a preferred
embodiment of the air cleaner or the air humidifier according to the present invention.
Fig. 2 shows the air cleaner or air humidifier obtained .by assembling the members
shown in Fig. 1.
The air cleaner shown in Figs. | and 2 comprises a disk 10 and a filter 12
25 formed on and along the peripheral portion of the disk 10. As shown, the filter 12
surrounds inside area of the disk 10, and the filter 12 is bent into wave-shape such

that irregularities of the wave are formed in radial direction of the disk 10. It should



10 12 i.s also rotated together with the disk 10. On the center of the disk
10, the rotation shaft 14 is fixed, and the rotation shaft 14 is connected
to a notor 16. The above-described nenbers are preferably contained in a
casing. A casing having a cylindrical shape or having & JEMBERIRAS |
wherein only one air inlet is forned (see Figs. 3 and 4) may preferably be

enpl oyed- The casi own in. Fi .15 conprises a |l.ower casing 18 in the
formof a dgswgﬁéﬁ%ﬁﬁg rth%gﬁgﬂ&r’i“ﬁs ?‘%‘@e%%tFWrSﬂeBqudﬂgﬂgshé\?P% 13 cover.
The upper face of.the uppey casi 20 s air inlets 22 for inhaling air
into the ar géacé{ﬁﬁﬂl%ﬁﬁﬁgglgﬁée faﬁ@l Q&F‘Et?ﬂ‘r}%ﬁ‘ afpiatian shaty Heas e ceer tbﬁfﬁég
.casing 20 hgs al reroutgtets Zéhlfor.di schar‘%@ Fg_the air to the outside of the
filter 12, j PHEr AP (e Ytraingrportien 91ithe irFeeyiarities) is Retmegetsarilidned t hat

t he shapes gnd 20 nberg of.the air. inlets 22 and of the air outlets 24
are not r esﬁ}eichtgﬂg%S’e?'h%é’djfﬁWWOi‘?Pq has ?‘?’b‘ﬁ? gdiate inetebwmpgydhenent shown
in Fig. 1, si.ace.the.upper. casing 20 is fixed tot notaor 16 it self, the
upper Casi n%‘lgﬁg%%gd‘r’f@?e ‘#'Bticg?%PpﬁWHCfé’Flfl‘@’é‘eéﬁ@cqoﬁweﬂ aiigsilhguglsthes fixed to
t he upper casin 0,. the | ower casi 8 al so . does not rotate. As the
rer 12, “ShpeBr einse G AGHard §f BRI yad Prarrednedaenin ey be 25
enpl oyed. Thys, .the filter nmay be de of a relatively dense porous
mat eri al byralé\‘ﬂlnidlfﬁd{ol'? rofp dhegro ”tgh%‘ f‘f Rthe £61taL the imeawlariies mrybe in han t he
di aneters of tFe |ol res a[e removed, . or may be made of a porous material
having a relRgePRS 3‘%’3%’8 agrans flirecting patvairdfrourtin rowtion shaft Hhes the
adsorption abili ti_h Pé wWhi ,c(rsl the dusts and the |i ke having snmaller sizes
than the pof@&Tar dbaflier s drsdanily disle19.ispileat by Te@ting theatiskyts theefilerovi ded
with dsorptjon ability by retaining active carbon or the like. The
mat er i@l of Pﬁ Keélyo reated tP%e‘g%‘I"é‘g‘ thgtdiskdldk ¢ iQn g camteref the dgkdRythept i onal
porous materials g;ﬁ?i of _paper, cloth, non 5 woven fabric, cotton, netal
mesh, spong@!atiosshall 14 igfixednand thg gotaugn thaftehfiis sgrnectediin agprtpnid.on, t he
notor 16 is rotated so as to rotate the disk 10 and the filter
he above-described members are preferably contained in a casing. A
casing having a cylindrical shape or having a shape of snail wherein only one air inlet
is formed (see Figs. 3 and 4) may preferably be employed. The casing shown in Fig.
15 1 comprises a lower casing 18 in the form of a disk and an upper casing in the form
of cylinder having a cover. The upper face of the upper casing 20 has air inlets 22
for inhaling air into the area surrounded by the filter 12. The side face of the upper
casing 20 has air outlets 24 for discharging the air to the outside of the filter 12,
which air comes through the filter 12. It should be noted that the shapes and
20 numbers of the air inlets 22 and of the air outlets 24 are not restricted to those shown
in the figures. In the embodiment shown in Fig. 1, since the upper casing 20 is
fixed to the motor 16 it self, the upper casing 20 does not rotate, and since the lower
casing 18 is fixed to the upper casing 20, the lower casing 18 also does not rotate.
As the filter 12, any filters conventionally employed in air cleaners may be
25 employed. Thus, the filter may be made of a relatively dense porous material by

which the dusts and the like having diameters larger than the diameters of the pores

are removed, or may be made of a porous material having a relatively large pore size



12. The rotational speed is not restricted and may appropriately be
sel ected depending on the shape of the filter and the size of the
apparatus. Usually, the rotational spe& may be about 200 to 3000 rpm
preferably about 400 to 1000 rpm 10 Upon rotation of tHEFTFVEFR2905 sjnce
the filter 12 is bent into the wave-shape as shown in the figures, the
filter 12 serves as the blades of an inpeller so that wwnd is generated.
As a resul t 2nd having adsamtiopiahidity byrrch heidysts ane thedfkethamingissiallgosizesur r ounded
by the filter 12 is blown to the outside of the disk 10 fromthe air
outl ets 24 tepietiporenarelsprdsabebtorthe bltet  tlihe filispeay baprowide@ovali t er passi ng
~through the filter 12, as 15 indicated by arrows B shown in Fig. 2.
Si mul t aneouddsprpiipg abHByRY Igfaiameaal vescarbon @ the like. alhe matefiakfl teelfifterdm t he
air inlets 22 forned on the upper face of the upper casing 20. Although
ai r can pasals¢ RelgggiHciedat alf mtcganmp,tlosalm@eoqsh@atq:réﬁlamadmf papgaetbthfnont he
filter 12 is large, the filter 12 can serve as bl ades of an inpeller
becausé of Wﬁéefaigabﬂc,rcé'étp&tfaﬁé'én@ﬁ’ﬂ, spoage. deraspics or. tha hike maiythe esiployedi sting on
the inside area of the disk 10, 20 which area is surrounded by the filter
12, is di schar geth apsratioa, bamyiterel G refateg a8 9 gpotathiheulgtk thandfthe fiker 12,
wherein the air_discharged to the outside is cleaned by passing through
the filter 12 The roméiondlopecddeset iepiricied and meyeppwpvibiehcbd dedectidr cl eaner s
used in the position in which the disk is held horizontally, was
descri bed. dpeediag ontlireshapooethe filidesrst thpeide af theappamiss. cHsudlly, tsed whi | e
hol ding the disk in the vertical direction, that 1is, in the portrait
ori ent at i orrotatesall speed mey Sagbout BBO & 3009 rpem preferalyly abewt 406 toaid 800 mmet ai ni ng
the air cleaner at an optional angle other than horizontal and vertical 7
23 SEFPTENVBERp@0G®atwinrad dhd bite. 1 2T$ine: ths fikes b2 tsrhget into thhevaversbager asfskowed
enbodi nents described below. In cases where the air cleaner is used in the
portrait oringkt tigires thefilri I@senvies aglinelblades ofiat tinpedlet sccthbl winddbt hough t he
terms such as "upper"” casing and "l ower casing" are not

generated. As a result, the air existing on the inside area of the disk 10, surrounded

by the filter 12 is blown to the outside of the disk 10 from the air outlets 24 formed
on in the side face of the upper casing 20 after passing through the filter 12, as

15 indicated by arrows B shown in Fig. 2.  Simultaneously, as shown by arrows A in
Fig. 2, air is inhaled from the air inlets 22 formed on the upper face of the upper
casing 20. Although air can pass through the filter 12, since the rotational speed of
the filter 12 is large, the filter 12 can serve as blades of an impeller because of the air
resistance of the filter 12.  Thus, the air existing on the inside area of the disk 10,

20 which area is surrounded by the filter 12, is discharged to the outside after passing
through the filter 12, wherein the air discharged to the outside is cleaned by passing
through the filter 12.

. In the above description, the case where the air cleaner is used in the position

in which the disk i:‘; held horizontally, was described. However, the above-

25 described air cleaner can be used while holding the disk in the vertical direction, that
is, in the portrait orientation. Needless to say, the air cleaner may also be used

retaining the air cleaner at an optional angle other than horizontal and vertical



applicable, in the present specification, based on the orientation where
the disk is 5 held horlzontally and t he dISk |s Iocated under si de of the
air cleaner, the terns "upper", "lower"7 "up", "low', ggmn face", "l ower
face” and the like may be used. According to the prese%ﬁ RIEMBERG03 an ai r
cl eaner having | arger surface area of the filter per volune of the product
jciency dusts) than the

Conventi onalt eI oBiiFEeIRh i e FIOEE PEfRed AP 4 despdbecitons
conveni entel’ %%S&Fﬂsﬁﬁﬁihﬁ%%reaﬁiqe{hé%‘ée%g%%nhﬁ%hér%afhgéhéhiaismpen
n a1t er rfaraiay Aol BF Fféﬁ*stsaggéa b %s?r%é"ﬁz-low%k'a%éa'v%ﬁ%@ﬁ'c2)5ed
G amoter of MTGaI5gn i PEb st IERLO oSl e a7patin UHSHIGAUSER 15 nm and
the arga ofld RasrneBiandiResRRis e usaguie ot o pirseand. bsucipiesent
apparat us MBPCTOIRREYs NPhe (P BPPSFdacs e et e e T 1 5edo ( hat
Prior ATt 2, i1 SEAUBGECREETGHVEEnGRHEF Rl 124Es BRe g e THe pr esent
Prior Art 2, it yrh p

bl ades. of . HaRRl B PRp e proche! (6 Fambich e hah edioantsf 150 mme
Thus.  vhon PHESE d1siSrilodhe rbentieia aiefeatsrs ki which diaps auhhe HIcEn bo made
?ﬁre?el?tz?“ac%ﬁégrﬁﬂlg“yiﬁfe%ﬁ%%%%%?p%a' S5 S YRR FOOPHEHTSgI oprrent

of, for exa portable air cleaners. Preferred enbodinments of the air

cl eaner ac d‘“ﬁb the giroleangs disclosed in Japaness-ag-opendiatertmpticatvwd Kokai)

No. 8-206436 in which an impeller is enclosed in a filter (hereinafter referred to as
"Prior Art 2" for convenience), can be attained.
For example, when the fan has an impeller having an outer diameter of 110
15 mm, a thickness of 19 mm, a width of blade of 15 mm and the number of blades of
25, and has a diameter of the air inlet of 84 mm, the areas of the filter in Prior Art 1,
Prior Art 2 and the present invention will now be compared. According to Prior Art
1, to make the apparatus most compact, the filier is arranged at the air inlet, so that
the effective filter area is 5542 mm®. On the other hand; according to Prior Art 2, it
20 is 6566 mm>. On the other hand, according to the present invention, when the wave
number of the filter is the same as the number of blades of the Prior Art 1 and 2, the
effective filter area is 16,150 mm® which is 2.9 times that of Prior Art 1, and 2.5
times that of Prior Art 2. Thus, when the performances are the same, an air cleaner
which can be made more compact than the conventional aif cleaners can be obtained.
25 Therefore, the present invention is especially useful for the development of, for
example, portable air cleaners.

Preferred embodiments of the air cleaner according to the present invention



descri bed above will be further described. Wth the air cleaner according
to the present invention described above, a gap is forned between the edge
of .the filter, which edge is opposite t& the disk, and the ca5|%g and air
flows through the gap. That is, a part of the air inhal®@PETEMEERSCEFr 5
inlets 22 is discharged to the outside of the air cleaner w thout passing

t hr ough theﬁ%£gb&p£xwgg“H@@§h&m§dg&§¢gaency i s decreased accordingly. In

preferred e iI'nvention, nmeans for reducing air

fl ow passing thr Wf@]hh& he cﬁ:%Rer a(ch(?rdﬁgggftﬁ segi en%%lj?tlo&(gescrsl?eg\ﬁbagﬁ AR term
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nmeans g\ll % 28 é%c@% ref g‘&r?(lienogrtﬁé%ggga%rgv ihgu asidng i%l 3 and
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A first embodiment of the air cleaner provided with such an air flow-reducing
means will now be described referring to Figs. 3to 5. Although Figs. 3 and 4
15 depicts the state wherein the disk 10 is held vertically, as mentioned earlier, even in
such a case, the casing covering the side of the disk is called lower casing, and the
casing covering the side apart from the disk is called upper casing for convenience.
In this embodiment, the motor 16 is fixed to the lower casing 18. Inthe
lower casing 18, a snail-like partition wall 26 is formed. A part of the partition wall
20 26 is opened to form an air outlet 24.  Thus, in this embodiment, the air inlets are
gathered together to form a single air inlet 24.  The disk 10 and the filter 12 are
contained inside of the partition wall 26. In this embodiment, unlike the above-
described embodiment, the motor 16 is arranged on the lower casing 18.  That is,
the center portion of the disk 10 is protruded and the motor 16 is harbored in the
25 space formed under the protrusion (see Fig. 5).
Fig. 3 1s an exploded view. When the depicted members are assembled, the

members are arranged such that the positions penetrated by the alternate long and



nmenbers are arranged such that the positions penetrated by the alternate
| ong and 9 23 SEPTEMBER 2003 short dash line are aligned on a single
straight line. Fig. 4 shows the assenbl éd state (provided that the uppe
casing 20 is removed for clarity). Among the openings ‘A EMEERTPhe
upper casing 20 in Fig. 3, reference numeral 22 denotes an air inlet.
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of the filter ance
in Fig. 4, to better show the inner structure, the sealing plate 28 is shown in a

partially cut away state.
Fig. 5 is a schematic sectional view of the air cleaner shown in Figs. 3 and 4.
15 It should be noted that Fig. 5 shows the state wherein the disk 10 is held horizontally
(landscape orientation). As showh in Fig. 5, although the width W of the sealing
plate 28 may preferably be about the same as the width of the entire wavy structure of
the filter 12, the width of the sealing plate 28 is not restricted thereto. By providing
the sealing plate 28, a part of the gap 30 between the upper edge of the filter 12 and
20 the upper casing 20 is closed so that the gap 30 is made smaller. As a result, the air
flow passing through the gap 30 is reduced. In addition, by providing the sealing
plate 28, the gap 30 is made to elongate in the horizontal direction in Fig. 5. That is,
considering a single point on the upper edge of the filter 12, the distance of the gap
30 in the horizontal direction (the hoyizontal direction in Fig. 5) is nothing more than
25 the thickness of the filter 12.  Since the thickness of the filter 12 is small, the
distance of the narrow gap is small accordingly, so that the air resistance is small and

air flow is large. In contrast, when the sealing plate 28 is provided, the distance of



30 in the horizontal direction (the horizontal direction in Fig. 5) is
nothing nore than 25 the thickness of the filter 12. Since the thickness
of the filter 12 is small, the distanc& of the narrow %ap is small
accordingly, so that the air resistance is small and &°SEPTEMBER 208% ge. In
contrast, when the seali ng plate 28 is provided, the distance of 10 23
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conpl etely fglCCS tge sealing plate 28. The first ndge 32 is inserted into the space formed
between the adjacent second ridge 34 and the third ridge 36. By forming these
ridges, the amount of the air flowing through the gap 30 can be further decreased.
15 The number of the ridge(s) formed on the sealing plate 28 or on the region of the
upper casing 20, which faces the sealing plate 28, is not restricted to that shown in
Fig. 6, and may be one or more, preferably about 1 to 6 ridges/10 mm length of W.
In another embodiment shown in Fig. 7, the air flow-reducing means is in the
form of an annular elastic member 38. The upper end of the elastic member 38
20 contacts the lower face of the upper casing 20, so that the gap 30 is completely closed.
The elastic member 38 closing the gap 30 may also be formed directly on the end of
the filter 12 or on the upper casing.
In another preferred mode of the present invention, the filter 12 is electrically
conductive, and the air cleaner further comprises means for giving electric potential
25 to the filter 12. The electrically conductive filter 12 may be obtained by, for
example, constituting the filter 12 partly or entirely with particles or fibers of active

carbon, carbon, copper, stainless steel, tin, nickel, zinc, titanium or the like; or



The el astic nmenber 38 closing the gap 30 may al so be formed directly on the
end of the filter 12 or on the upper C?Eing. I n anot her preferred node of
the present invention, the filter 12 is electrically conductive, and the
air cleaner further conprises neans for giving el ectri @S5PeRMBER 2085 ¢ o
the filter 12. The electrically conductive filter 12 may be obtai ned by,
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casing 20 hag a9t§%§%ta§erstructu$g Es shown ?n Fidﬁdgfggﬁgméthgh vol t age
generator 2QJ.8yharbored in the upper casing 20. The filter 12 is

connected to the high voltage generator 40 through a high voltage |ine 42,
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voltage pin holder 48, a termna age and is

insul ated tQyf B@gg@g@%eﬁn Fgg@n trh@ﬁgpapﬁgé Showd L G M ar iR lile 54

stands up fromt 10 so ds to surroun
apparatus shown in Fig. 6, but the upper casing 20 has a two-stage structure as shown

in Fig. 8, and a high voltage generator 20 is harbored in the upper casing 20. The
filter 12 is connected to the high veltage generator 40 through a high voltage line 42,

15 a high voltage pin supporting plate 44, a high voltage pin 46, a high voltage pin
holder 48, a terminal 50 and a high voltage line 52, and is insulated to the parts other
than these parts. A cylindrical wall 54 stands up from the disk 10 so as to surround
the high voltage pin 46, thereby preventing the dusts from being attached to the high
voltage region. A part of the high voltage pin 46 is harbored in the high voltage pin

20 holder 48.  The high voltage pin 46 is slidable and is urged to the high voltage pin
supporting plate 44 by a spring 56. The tip of the high voltage pin 46 is pointed
(round tip is also acceptable), and contacts the high voltage pin supporting plate 44
above the rotation shaft of the motor. Thus, when a positive high voltage is
generéted by the high voltage generator 40, the filter 12 is an anode, and when a

25 negative high voltage is generated by the high voltage generator 40, the filter 12 is a
cathode.

In the embodiment shown in Fig. 8, the high voltage pin 46 directly contacts



the high voltage pin 46, thereby preventing the dusts from being attached

to the high voltage region. A part of the high voltage pin 46 is harbored
in the high voltage pin 20 hol der 48. Thé hi gh voltage pin 46 is slidable
and is urged to the high voltage pin supporting plate 2488\ ENBERZ06Y 56.

The tip of the high voltage pin 46 is pointed (round tip is also
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rotation axis of the motor, and is made of a conductor such as a metal. Thus, when
a posifive high voltage is generated by the high voltage generator 40, the filter 12 is
an anode, and when a negative high voltage is generated by the high voltage
15 generator 40, the filter 12 is a cathode.  Although the high voltage spring 58 shown
in Fig. 9 is in the form of one line, it may be in the form of a brush.
In another preferred embodiment of the present invention, the air cleaner
further comprises an electrode, the filter is electrically conductive, and the air cleaner
further comprises means for applying voltage across the electrode and the filter. In
20 this case, for example, the filter may be grounded and a high voltage may be applied
| to the electrode.  An appropriate voltage between the electrode and the filter may be
about 5 kV to 20 kV, although the voltage is not restricted to this range.  Although
the position at which the electrode is arranged is not restricted, it is preferred to
arrange the electrode in the inside area of the filter whep the apparatus is viewed
25 from the top. By applying a high voltage between the filter and the electrode,

corona discharge occurs between the filter and the electrode, so that the effectiveness

to collect the dusts is increased.



15 generator 40, the filter 12 is a cathode. Although the high voltage
spring 58 shown in Fig. 9 is in the formof one line, it nmay be in the
formof a brush. In another preferred efbodi ment of the present invention,
the air cleaner further conprises an el ectrode, the flﬁﬁaﬁpTEMBERé@@qlcally
conductive, and the air cleaner further conprises neans for applylng
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cathode.
The embodiment shown in Fig. 11 is similar to that shown in Fig. 10, but two
highr voltage electrodes 62a and 62b are formed. In this embodiment, the high
15 voltage electrodes 62a and 62b are arranged at positions symimnetrical to each other
with respect to the rotation shaft 14 of the motor. The number of the high voltage
electrodes may be 3 or more.
The embodiment shown in Fig. 12 is also almost the same as that shown in
Fig. 10, but the shape of the high voltage electrode 62 is vertically elongated shape
20 hung from the upper side. |
In the embodiment shown in Fig. 13, a cylindrical wall 64 of which center is
coincident with the rotation shaft 14 of the motor is formed on the upper casing 20.
An annular high voltage electrode 62 is embedded in the tip of the wall 64 and
slightly protruded from the tip of the wall 64. The thin annular high voltage
25 electrode 62 has a center which is coincident with the center line of the rotation shaft
14 of the motor, and positioned at about the half of the thickness of the filter 12 in

the direction of the rotation axis of the filter 12. The high voltage electrode 62 is



cat hode. The enbodi nent shown in Fig. 11 is simlar to that shown in Fig.
10, but two high voltage el ectrodes 62a and 62b are fornmed. In this
enbodi ment, the high 15 vol tage el ectrodés 62a and 62b are arranged at
positions symmetrical to each other with respect to t S SEGTEMPER 200kt 14
of the notor. The nunber of t he high voltage el ectrodes may be 3 or nore.
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In the embodiments shown in Figs. 10 to 14, the filter is grounded through the
rotation shaft 14 of the motor and the motor casing 16b. Since some bearings are
not electrically conductive, however, the filter may not be grounded in this manner.
In such a case, it is necessary to use a member such as the high voltage pin 46 shown

15 in Fig. 8. InFig. 8, although the tip of the high voltage pin 46 does not contact the
rotation shaft 14 of the motor, if the high voltage pin supporting plate 44 and the
insulator are removed, the high voltage pin 46 contacts the rotation shaft 14 of the
motor. Thus, the filter may be grounded through a member like the high voltage pin
46.

20 Further, without using the end face of the rotation shaft 14 of the motor, the
filter may be grounded through a metal brush arranged in the motor 16, which
connects the rotation shaft and the motor casing 16b.

In the embodimepts shown in Figs. 10 to 14, the filter 12 is grounded.
However, in the structure such as shown in Fig. 8 or 9, the high voltage electrode(s)

25 62 is(are) arranged as in the embodiments shown in Figs. 10 to 14, and a high electric
potential having a polarity opposite to that of the high voltage electrode(s) 62 may be

applied to the filter 12, thereby applying a voltage across the filter 12 and the high



the disk 10, but nmay be arranged in the upper casing 20 which has a
two-stage 10 structure as in the enbodi ppnt shown in Fig. 13. In the

enbodi ments shown in Figs. 10 to 14, the' filter is grounded through the
rotation shaft 14 of the notor and the notor casing 1683 SEPHEMBER

bearings are not electrically conductive, however, the filter may not be
grounded i nydiRigs cBRAD&L(s) 62 N such a case, it is necessary to use a menber
such as the hlgh voItage pin 46 shown 15 in Fig. 8. In Fig. 8, although the
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paper was used. The d|a er o
was 110 pA. A chamber having a volume of 35.2 m® was filled with smoke, and

the rates of decrease in the concentration of the dusts were compared when the high
voltage was applied and not applied.

The rate of decrease in the concentration of the dusts when the high voltage

15 was applied was about 5 times that when the high voltage was not applied.

When using the above-mentioned air cleaner according to the present
invention, the filter comes to be clogged with time and the air-cleaning efficiency
decreases. In such a case, by replacing the filter with new one, the air-cleaning
efficiency can be restored to the original state.

20 Alternatively, a structure with which the filter can be back washed may be
employed. By back washing the filter to regenerate the filter, the air-cleaning
efficiency may be restored to the original state. Further, by adjusting the amount of
steam and the rotational speed of the disk, sterilization of the filter may also be
attained, so that the apparatus can be kept clean. Further, in cases where the filter

25 12 contains active carbon, the active carbon is also regenerated so that its deodorizing
ability is restored. The back wash may preferably be carried out by blowing steam

to the filter from the outside thereof. Thus, an air cleaner with which the filter can



bet ween the disk 10 and the upper casing 20 was 7 nm the difference
between the inner dianeter and the outer dianmeter of the filter 12 was 67
mm and the nunber of turns of the wavébof the filter was 60. The
rotational speed of the disk 10 was 1000 rpm A volt agd SEPTERBER 2098 was
applied to the filter 12, and a voltage of -8.76 kV 10 was applied to the
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filter 12 from the outside of the filter 12. The embodiment further comprises a tank
70 for receiving the water generated by condensation of the steam and a passage 72
which guides the generated water to the tank 70.
15 It should be noted that the above-described air cleaner may be used not only
as 1t is, but also as a part of a vacuum cleaner or the like by being arranged, for
example, at the air outlet of the vacuum cleaner or the like.
In the foregoing description, air cleaners were described. By making the
filter 12 retain water, the above-described air cleaners function as humidifiers. Such
20 a humidifier may easily be attained by continuously blowing water shower to the
filter 12 from a water duct not shown. By using such a filter, since the air absorbs

moisture when the air passes through the filter 12, cleaning of the air and

humidification of the air can simultaneously be attained.



condensation of the steam and a passage guiding the water to the tank.
Further, since the back wash is preferably carr:ed ou'sj St a rozﬁtlonal
speed of the filter smaller 5 than the rotational spee uring e

a!or-cl eani ng operation, the air cleaner preferably ha3RE&REMBER 2003
decreasing the rotational speed of thesfilter to, for exanple, about 0.1
to 30 rpm An enbodiment with which the filter can be back washed is shown
in Fig. 15. The air cleaner of the enbodinent shown in Fig. 15 is operated
while vertically 10 holding the disk 10 at | east when the filter is back
washed. TReAMbodi nent shown in Fi g. 15 has a steaner 66 and a steam duct
68 as nmeans for blowing steamto the filter 12 fromthe out si de of the
filter 12. The enbodinent further conprises a tank 70 for receiving the
wat er genkr at e By cleaneresesatrising: of the steam and a passage 72 which gui des
t he generated i to the tank 70. 15 It should be noted that the

above- descri beﬁlf cl eaner may be used not only as it is, but also as a
part of a vacuufittarifemmast oma peiphérakportign bebaig dielkr sngeth stiresundexpimle. at

the air . C or. the like. ln the foregoin _
descri pt fac')lgr}\é %gisgacﬂtlgékgr‘?}é?cg'umv\%k g g%{s}g'[r;tf’baeﬂ?v%%m?% L '_"eFP{af‘&‘?s Qgthﬁ‘et ai n
wat er, t Wevabakee ferasel irbdle aidiak diractions of wait idisk, aghibirilter fis estsetri@igh 20 a
hum di fi @pnéi@iyeasi |y be attained by continuously bl ow ng water shower to
the filter 12 froma water duct not shown. By using such a filter, since

the air absor 98¢ ¢fongeuciechipdns amangedrinpthe desidé larenigh stidefitfer [ieh d2d
cl eani ng cRENENS vRWeddRh %Whﬁﬂﬁk/'@?gai%ﬁ ;he air can sinultaneously be

attai ned. 23 SEPTEMBER 2 air cleaner conprising: a
di sk: means for applying electric voltage across said one or more electrodes and said

filter such that corona discharge continuously occurs between said one or more
electrodes and said filter; and

means for rotating said disk.
2. The air cleaner according to claim 1, wherein said filter is grounded.

3. The air cleaner according to claim 1, wherein an electric potential with a polarity

opposite to that of said one or more electrodes is given to said filter.

4, An air cleaner comprising:

a disk;

a filter formed on a peripheral portion of said disk so as to surround an inside
area of said disk, which filter is bent into a wave-shape such that irregularities of the
wave are formed in the radiat direction of said disk;

means for rotating said disk;

means for blowing steam to said filter from outside of said filter:

a tank for receiving water generated by condensation of said steam:

a passage for guiding said water to said tank; and

means for decreasing the rotational speed of said filter.

5. The air cleaner according to claim any one of cfaims 1 to 4, further comprising a
casing enclosing said disk and said filter, which casing has one or more air inlets
through which air to be cleaned is inhaled into the space surrounded by said filter,

wherein said casing has said one or more air outlets formed on a portion of said casing




a filter formed on a peripheral portion of said disk so as to surround an
inside area of said disk, which filter is bent into a wave-shape such that
irregularities of the wave are fornmed in the radial direction of said

di sk, which filter is electrically conductive; one or ot TEMBERZ88%S
arranged in the inside area of said filjger when said cleaner is viewd
fromthe axial direction of said disk; nmeans for applying electric voltage
across said one or nore electrodes and said filter such that corona

di scharge continuously occurs between said one or nore electrodes and said
filter, athatswremmnds enidritieatandgirsdisahadiesithrodgh Shid fatier isadisshaggedad Qs t o
cIa|n11 j | ter ounded 3. The air cleaner according to
claim1l, %%Ecgéér%lrgﬁh&lfghts%ﬁcone qregfr %"?tﬁ a polarity opposite to that of
said one or nore electrodes is given to said filter. 4. An air cl eaner

conpri si d o er i pher al ort| sai d disk
so as tor%ur r gﬂﬂ%&gﬁ'egnéﬂ #C%Fdlgé{on%?'m é;lfarﬂg? ﬁ?mRRﬁI"QHR‘F?’PSt Fref CHEAC into a
wave- sharf@‘!\stkmugfhﬁte gap bgtweanithé esigefoftdai fi va:fppaslté tosadisin abdigaldadi al

directio S ajd di bl o ng
steamtoq:sglng %Lﬁt er %rf%'rni%%@sé girrﬂo'gtb%([ﬂggg %’i’ Sa'geldgﬁl?? f”'ﬁ‘éfc@‘i \‘_\ln

wat er geresigatiedppnsite bneadsiski on of said steam a passage for guidi ng sai d
water.to said tank; and neans for decreasing the rotational speed of said

filter. 5. The air cleaner according to claimany one of clains 1 to 4,

further donpriWiemr deamcasicogdiagdd olsinnd, wlasrdindiagkmaank foatstukingtaar flowngi ch

casi ng hag QPR i Gh |rt0becleane IS

i nhal ed ?az'to - agsg acggp @Eﬁ‘#"h@h? §er8 tné gnro ] e doé, whlcr anfiula’ Saling
plate is formed on said edge of said fi lter

8. The air cleaner according to claim 7, wherein at least one annular ridge
protruding in the direction opposite to said filter is formed on said sealing plate, and at
least one annular ridge protruding in the direction of said sealing plate is formed in the

region of said casing, which region faces said sealing plate.

9. The air cleaner according to claim 8, wherein a plurality of said ridges are
formed on at least one of said region of said casing facing said sealing plate and said

' sealing plate, and a tip portion of an opposing ridge is inserted into the space between
two adjacent ridges of said plurality of ridges.

10. The air cleaner according to claim 6 or 7, wherein said means for reducing air
ﬂow is an annular elastic member which closes said gap, said elastic member being

formed on said edge of said filter or on said sealing plate, or on said casing.

11, An air-humidifier comprising an air cleaner according to claim 1 or 4, wherein

said filter retains water.



wherein said casing has said one or nore air outlets formed on a portion of
sai d casing 23 SEPTEMBER 2003 18 that surrounds said filter, and air

di scharged through said filter is discharged to outside of said casing
through said one or nore air outlets. 6 The air cl eane® SEECEMBERF®D cl ai m
5, further conprising neans for. reducing air flow through the gap between
the edge of said filter opposite to said disk and said casing, said neans
for reducing air flow being formed ABSIRIAA_Edge of said filter, which edge
is opposite to said disk. 7. The air cleaner according to claim®6, wherein
sai d neans for rédathodgfoatleadingairiasd amair afeandraniliseglii 219 dplchised, Wi ch covers
~ the whol e of said edge, which annular sealing plate is forned on said edge
of said filwhieh thg aiRtleangi cancheomader smadicc thaditigednoemticaiahaiv clewkees @hen at | east
one annular ridge protruding in the direction opposite to said filter is
formed on d$b¢ Beréxalapegs an¢ diesamandAatording 4 theanethahofihainvendge apilar udi ng in
the direction of said sealing plate is forned in the region of said

casi n@, whifemnadeqyi paviphawéportian ¢f 8 diskiinfprpkdateng $he Fhiphedat partieabetheaccor di ng
to claim8, wherein a plurality of said ridges are fornmed on at |east one
of said regiskPogh te sinbundsiside drae phide diskds seakd,nghiph fiter iabentdaiodvaveeal i ng
plate, and a tip portion of an opposing ridge is inserted into the space
bet ween t\abamﬁuafg&m irrdenlgeiticnbf thamave hrgrfatmed/inahdinl digedon d0the Bk, ai r

cl eaner according to claim6 or 7, wherein said neans for reducing air
flow i s an thamehy dischetging iic existiigeon thhiinddecdresefiths diskt tgaptsideaif cheadiglst i ¢
menber being formed on said edge of said filter or on said sealing plate,
or on sai ditwesghnde fdter. An air-hunidifier conprising an air cleaner
accorlgi-ng toclaiml1 or 4, wherein said filter retains water. 19




23 SEPTEMBER 2003 ABSTRACT A nethod for cleaning air and an air cl eaner
utilizing it are disclosed, by which the air cleaner can be nade snaller

t han the conventi onal
According to the nethod of the invention,
portion of a disk is formed along the ps
to surround i G HSF BRI FORIEMe di sk iH
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